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FIG. 2
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MEASUREMENT CELL

TECHNICAL FIELD

[0001] The present invention relates to a measurement cell
for optically measuring an analyte included in a sample.

BACKGROUND ART

[0002] So far, as a measurement cell used for an optical
measurement on a sample, there has been proposed a pris-
matic glass cell configured to provide an optical window
portion with a concave surface, for preventing the optical
window portion positioned at the side face of the measure-
ment cell from getting dirty or damaged (for example, Patent
Document 1).

Patent Document 1 Japanese Laid-Open Patent Publication
No. Hei 10-273331

DISCLOSURE OF THE INVENTION
Problem to be Solved by the Invention

[0003] However, there are some problems in the optical
window portion of the cell described in the above patent
document 1: the optical window portion is always exposed to
the outside and the optical window portion cannot be pro-
tected sufficiently from dirt and damage, and such dirt and
damage attached to the optical window portion cause error in
measurement.

[0004] Thus, the present invention aims to provide a mea-
surement cell capable of solving the conventional problems
such as the one mentioned above, and of preventing measure-
ment error due to dirt and damage by protecting the optical
window portion.

Means for Solving the Problem

[0005] To solve the above problems, a measurement cell of
the present invention is configured to include:

[0006] a sample holding part for holding a sample;

[0007] anopening part for supplying the sample to the inner
portion of the sample holding part;

[0008] an optical window portion for allowing light to enter
the sample holding part and allowing light to exit the sample
holding part;

[0009] a protection cover for protecting the optical window
portion, provided movably along the circumference of the
sample holding part; and

[0010] a first protection-cover-holding part for holding the
protection cover at a position where the optical window por-
tion is covered with the protection cover.

[0011] Based on such a configuration, not only the optical
window portion can be protected by the protection cover, but
also error in measurement due to dirt and damage on the
optical window portion can be prevented further reliably by
moving the protection cover to the position where the optical
window portion is exposed upon measurement.

EFFECT OF THE INVENTION

[0012] Based on the measurement cell of the present inven-
tion, the optical window portion can be protected without
being exposed when not in measurement, and the measure-
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ment error due to dirt and damage on optical window portion
can be prevented further reliably.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 A perspective view illustrating a configura-
tion of a measurement cell in Embodiment 1 of the present
invention.

[0014] FIG. 2 A cross sectional view along the line A-A of
the measurement cell 1 shown in FIG. 1.

[0015] FIG. 3 A perspective view illustrating the measure-
ment cell 1 shown in FIG. 1 with the protection cover 101
moved.

[0016] FIG. 4 A perspective view illustrating a measure-
ment cell 1 in Embodiment 2 of the present invention.
[0017] FIG. 5 A perspective view illustrating the measure-
ment cell 1 shown in FIG. 4 with the protection cover 101
moved.

[0018] FIG. 6 A perspective view illustrating a configura-
tion of a measurement cell 1 in Embodiment 3 of the present
invention.

[0019] FIG. 7 A perspective view illustrating the measure-
ment cell 1 shown in FIG. 6 with the protection cover 101
moved.

[0020] FIG. 8 A perspective view illustrating the measure-
ment cell 1 shown in FIG. 7 with the protection cover 101
further moved.

[0021] FIG. 9 A perspective view illustrating a configura-
tion of a measurement cell in Embodiment 4 of the present
invention.

[0022] FIG. 10 A front view of the measurement cell 1
shown in FIG. 9.

[0023] FIG. 11 A cross section along the line B-B of the
measurement cell 1 shown in FIG. 10.

[0024] FIG. 12 An exploded perspective view of the mea-
surement cell 1 in Embodiment 4.

[0025] FIG. 13 A perspective view illustrating a measure-
ment device 2 using the measurement cell 1 of Embodiment 4.
[0026] FIG. 14 A cross sectional view illustrating the mea-
surement device 2 shown in FIG. 13.

[0027] FIG. 15 A block diagram illustrating a configuration
of the measurement device 2 shown in FIGS. 13 and 14.
[0028] FIG. 16 A diagram for describing a step in the steps
for measuring an analyte in a sample by using a measurement
cell 1 and a measurement device 2 of the present invention.
[0029] FIG. 17 A diagram for describing another step in the
steps for measuring an analyte in a sample by using a mea-
surement cell 1 and a measurement device 2 of the present
invention.

[0030] FIG. 18 A diagram for describing still another step
in the steps for measuring an analyte in a sample by using a
measurement cell 1 and a measurement device 2 of the
present invention.

[0031] FIG. 19 A diagram for describing still another step
in the steps for measuring an analyte in a sample by using a
measurement cell 1 and a measurement device 2 of the
present invention.

[0032] FIG. 20 A diagram for describing still another step
in the steps for measuring an analyte in a sample by using a
measurement cell 1 and a measurement device 2 of the
present invention.

[0033] FIG. 21 A diagram for describing still another step
in the steps for measuring an analyte in a sample by using a
measurement cell 1 and a measurement device 2 of the
present invention.
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[0034] FIG. 22 A diagram for describing still another step
in the steps for measuring an analyte in a sample by using a
measurement cell 1 and a measurement device 2 of the
present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0035] The measurement cell of the present invention is
characterized in that a protection cover for protecting an
optical window portion is provided.

[0036] That is, the measurement cell of the present inven-
tion comprises:

[0037] a sample holding part for holding a sample;

[0038] anopening part for supplying the sample to the inner

portion of the sample holding part;

[0039] an optical window portion for allowing light to enter
the sample holding part and allowing light to exit the sample
holding part;

[0040] a protection cover for protecting the optical window
portion, provided movably along the circumference of the
sample holding part; and a first protection-cover-holding part
forholding the protection cover at a position where the optical
window portion is covered with the protection cover.

[0041] The measurement cell of the present invention may
further include a second protection-cover-holding part for
holding the protection cover at a position where the optical
window portion and the opening part are exposed.

[0042] The measurement cell of the present invention may
further include a third protection-cover-holding part for hold-
ing the protection cover at a position where the opening part
is covered.

[0043] Inthe measurement cell of the present invention, an
absorbent may be provided at the inner side of the protection
cover.

[0044] In the following, preferable embodiments of the
measurement cell of the present invention are described in
detail by referring to FIGS. In the following description, the
same reference numerals are used for the same or correspond-
ing part, and redundant description may be omitted.

Embodiment 1
1. Measurement Cell

[0045] One embodiment of the measurement cell in the
present invention is described by using FIGS. 110 3. FIG. 1is
a perspective view illustrating a configuration of a measure-
ment cell in Embodiment 1 of the present invention; FIG. 2 is
a cross sectional view along the line A-A of the measurement
cell 1 shown in FIG. 1; and FIG. 3 is a perspective view
illustrating the measurement cell 1 shown in FIG. 1 with the
protection cover 101 moved.

[0046] As shown in FIGS. 1 to 3, the measurement cell 1 in
Embodiment 1 is configured with mainly two members, i.e.,
a main body 103 of a bottomed hollow quadrangular prism
with an opening at the upper portion thereof, and a protection
cover 101.

[0047] The main body 103 includes a sample holding part
105 for holding a sample, configured with the hollow portion
inside the main body 103; an opening part 106 for supplying
a sample to inside the sample holding part 105, communicat-
ing with the sample holding part 105; and an optical window
portion 104 for allowing light to enter the sample holding part
105, and allowing light to exit the sample holding part 105.
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[0048] The protection cover 101 is provided at the circum-
ferential sides of the main body 103, to be movable along the
circumference of the sample holding part 105 so as to cover
and protect the optical window portion 104.

[0049] Inthe main body 103, a first protection-cover-hold-
ing part 102 for holding the protection cover 101 is provided
ataposition where the optical window portion 104 is covered.
Before carrying out a measurement, the protection cover 101
is held by the first protection-cover-holding part 102 at the
position where the optical window portion 104 of the main
body 103 is covered. At this position, the protection cover 101
exposes the opening part 106.

[0050] To be more specific, the first protection-cover-hold-
ing part 102 is provided at the position where the optical
window portion 104 is covered and the opening part 106 is
exposed, and the protection cover 101 before carrying out a
measurement is held by the first protection-cover-holding
part 102 at the position where the optical window portion 104
of the main body 103 is covered and the opening part 106 is
exposed.

[0051] The protection cover 101 can be moved along the
circumferential sides of the main body 103 in the direction of
arrow X. As shown in FIG. 3, when measuring, the measure-
ment can be carried out with the optical window portion 104
exposed, by moving the protection cover 101 to pass over the
first protection-cover-holding part 102. Therefore, measure-
ment error based on the dirty and damaged optical window
portion 104 can be prevented, since the optical window por-
tion 104 is covered by the protection cover 101 without being
exposed when not in measurement.

[0052] Theoptical window portion 104 in the measurement
cell 1 is preferably formed by a material that is optically
transparent or a material with substantially no absorption of
visible light. For example, quartz, glass, polystyrene, and
polymethyl methacrylate may be mentioned. In the case when
the measurement cell 1 is to be made disposable, in view of
costs, polystyrene is preferably used for the formation.
[0053] The first protection-cover-holding part 102 may be
configured so that the protection cover 101 can be disposed at
the position where the optical window portion 104 is covered
before the measurement, and so that the protection cover 101
can expose the optical window portion 104 when in measure-
ment. For example, the first protection-cover-holding part
102 can be configured by providing projections at a portion of
the outer surface of the measurement cell. To be specific, for
example, as shown in FIGS. 1 to 3, the first protection-cover-
holding part 102 may be configured by providing projections
(projection-like member) at the four corners connecting the
side face and the side face of the hollow quadrangular prism
of the main body 103.

[0054] The projections configuring the first protection-
cover-holding part 102 is preferably formed by a material
having elasticity, so as to allow the projections to deform to
move the protection cover 101. For example, synthetic rubber
such as natural rubber, isoprene rubber, and Teflon® rubber
may be mentioned. By using any one of such materials, and
by applying force to at least one of the protection cover 101
and the main body 103 for deforming the projections config-
uring the first protection-cover-holding part 102, the protec-
tion cover 101 and the main body 103 are allowed to slide
from each other, so that the protection cover 101 can be
moved in the direction of arrow X.

[0055] Also, in the present invention, the projections may
be provided at a portion of the side face of the hollow qua-
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drangular prism, i.e., the main body 103, to form the first
protection-cover-holding part 102.

[0056] Further, between the protection cover 101 and the
main body 103, a sheet or layer (sheet-like or layer-like mem-
ber) may be inserted to form the first protection-cover-hold-
ing part. The sheet or layer may be formed, for example, by
thinly applying and drying sticky resins such as hydrogenated
petroleum resin, rosin ester, special rosin ester, alkylphenol
resin, water-soluble polymer, and emulsion resin to the inner
surface of the protection cover 101 or the outer surface of the
main body 103.

[0057] By using the first protection-cover-holding part con-
figured with such a sheet or layer, the first protection-cover-
holding part can hold the protection cover 101 based on the
stickiness of the sticky resin. In this case, by sliding the
protection cover 101 and the main body 103 from each other
with the application of force exceeding the stickiness of the
sticky resin to at least one of the protection cover 101 and the
main body 103, the protection cover 101 can be moved in the
direction of arrow X.

[0058] As still another embodiment, an elastic part config-
ured with the material having elasticity may be formed at least
a portion of the main body 103 contacting the protection
cover 101, to form the first protection-cover-holding part. By
forming such an elasticity part, by sliding the protection cover
101 and the main body 103 from each other with application
of force that is enough to deform the elasticity part to at least
one of the protection cover 101 and the main body 103, the
protection cover 101 can be moved to the direction of arrow
X.

[0059] The first protection-cover-holding part may also be
configured with the member having a form of check valve or
leaf spring, and may also be configured with a material other
than the material mentioned above. With such an arrange-
ment, the configuration that disables the protection cover 101
to move in the direction opposite to the direction of arrow X
shown in FIGS. 1 to 3 can be provided. That is, the configu-
ration can be made so that the protection cover 101 is unable
to move from the part of the main body 103 lower than the first
protection-cover-holding part 102 and not including the opti-
cal window portion 104, to the part of the main body 103
upper than the first protection-cover-holding part 102 and
including the optical window portion 104. With such an
arrangement, when the optical window portion is mistakenly
exposed before use, it can be easily known that the measure-
ment cell is unusable.

[0060] The first protection-cover-holding part can be con-
figured by forming the main body 103 and the projections
integrally. In this case, the main body 103 and the first pro-
tection-cover-holding part are made with the same material,
and the projections are made with the material having no
elasticity and stickiness. However, the projections can be
broken to move the protection cover 101 in the direction of
arrow X.

Embodiment 2

[0061] The configuration of a measurement cell in another
embodiment of present invention is described by using FIGS.
4 and 5. FIG. 4 is a perspective view illustrating a configura-
tion of a measurement cell 1 in Embodiment 2 of the present
invention, and FIG. 5 is a perspective view illustrating the
measurement cell 1 shown in FIG. 4 with the protection cover
101 moved.
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[0062] As shown in FIGS. 4 and 5, other than further pro-
viding a second protection-cover-holding part 107 for hold-
ing the protection cover 101 at the position where the optical
window portion 104 and the opening part 106 are exposed, the
configuration of the measurement cell 1 in Embodiment 2 is
the same as that of the measurement cell 1 in Embodiment 1.
[0063] As shown in FIG. 4, before carrying out measure-
ment, the protection cover 101 is held by the first protection-
cover-holding part 102 at the position where the optical win-
dow portion 104 of the main body 103 is covered. At this
position, the protection cover 101 exposes the opening part
106. The protection cover 101 can be moved in the direction
of'arrow X, along the circumferential sides of the main body
103. As shown in FIG. 5, when measuring, the protection
cover 101 can be moved to pass over the first protection-
cover-holding part 102, so that measurement can be carried
out with the optical window portion 104 exposed. With such
an arrangement, since the optical window portion 104 is
protected by the protection cover 101 when not in measure-
ment, measurement error due to dirt and damage on the opti-
cal window portion 104 can be prevented.

[0064] InEmbodiment 2,as shownin FIG. 5, the protection
cover 101 is held by the second protection-cover-holding part
107 at the position shown in FIG. 5 (that is, a position where
the optical window portion 104 and the opening part 106 are
exposed). With such an arrangement, the opening part 106
can be reliably exposed without allowing the protection cover
101 to move to the position where the opening part 106 is
covered. Therefore, a sample can be supplied easily from the
opening part 106 to inside the sample holding part 105 while
the optical window portion 104 is exposed, and measurement
can be carried out at the optical window portion 104.

[0065] The second protection-cover-holding part 107 may
have the same configuration as that of the first protection-
cover-holding part 102, or may have different configuration.
However, as shown in FIGS. 5 and 6, the second protection-
cover-holding part 107 is preferably configured with a pro-
jection-formed member, as in the case of the first protection-
cover-holding part 104 in Embodiment 1. With such an
arrangement, by applying force to at least one of the protec-
tion cover 101 and the main body 103 with the force enough
to deform the projections configuring the second protection-
cover-holding part 107 to slide the protection cover 101 and
the main body 103 from each other, the protection cover 101
can be moved further to the direction of arrow X.

[0066] As necessary, when the protection cover 101 is at the
position shown in FIG. 5, the protection cover 101 can be
further moved back to the position shown in FIG. 4 by moving
the protection cover 101 to the direction opposite to the direc-
tion of arrow X, by applying force that is enough to deform
the projection configuring the first protection-cover-holding
part 102 to at least one of the protection cover 101 and the
main body 103, to slide the protection cover 101 and the main
body 103 from each other.

Embodiment 3

[0067] A configuration of a measurement cell in still
another embodiment of the present invention is described
next by using FIGS. 6 to 8. FIG. 6 is a perspective view
illustrating a configuration of a measurement cell 1 in
Embodiment 3 of the present invention; FIG. 7 is a perspec-
tive view illustrating the measurement cell 1 shown in FIG. 6
with the protection cover 101 moved; and FIG. 8 is a perspec-
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tive view illustrating the measurement cell 1 shown in FIG. 7
with the protection cover 101 further moved.

[0068] As shown in FIGS. 6 to 8, the measurement cell 1in
Embodiment 3 has the same configuration with the measure-
ment cell 1 in Embodiment 2 above, except that a third pro-
tection-cover-holding part 108 for holding the protection
cover 101 at the position where the opening part 106 is cov-
ered is further provided.

[0069] As shown in FIG. 6, before measurement, the pro-
tection cover 101 is held at the position where the optical
window portion 104 of the main body 103 is covered by the
first protection-cover-holding part 102. At this position, the
protection cover 101 exposes the opening part 106. The pro-
tection cover 101 can be moved in the direction of arrow X
along the circumferential sides of the main body 103. As
shown in FIG. 7, when measuring, the measurement can be
conducted by moving the protection cover 101 to pass over
the first protection-cover-holding part 102 to expose the opti-
cal window portion 104. With such an arrangement, the opti-
cal window portion 104 is covered by the protection cover
101 without being exposed when not in measurement, and
therefore measurement error due to dirt and damage on the
optical window portion 104 can be prevented.

[0070] Asshown in FIG. 7, the protection cover 101 is also
held at the position shown in FIG. 7 by the second protection-
cover-holding part 107 (that is, a position where the optical
window portion 104 and the opening part 106 are exposed).
With such an arrangement, the opening part 106 can be
exposed reliably without allowing the protection cover 101 to
move to the position where the opening part 106 is covered,
and therefore a sample can be easily supplied into the sample
holding part 105 from the opening part 106 while the optical
window portion 104 is exposed to conduct measurement at
the optical window portion 104.

[0071] Further, in Embodiment 3, as shown in FIG. 8, the
protection cover 101 can be further moved in the direction of
arrow X after the measurement, to hold the protection cover
101 at the position where the opening part 106 is covered by
the third protection-cover-holding part 108. With such an
arrangement, the sample attached near the opening part 106
when the sample is supplied into the sample holding part 105
from the opening part 106 can be covered by the third pro-
tection-cover-holding part 108, and therefore a user can be
prevented from mistakenly touching the sample.

[0072] Although the third protection-cover-holding part
108 may have the same configuration with the first protection-
cover-holding part 104 and the second protection-cover-hold-
ing part 107, in the measurement cell 1 in Embodiment 3 as
shown in FIGS. 6 to 8, the third protection-cover-holding part
108 is configured with a plate-like member provided at the
lower end of the main body 103. Upon providing the plate-
like member, a plate-like member having an area larger than
the cross sectional area of the hollow cylindrical member of
the main body 103 is provided to hold the protection cover
101 slided. Since the protection cover 101 does not have to be
further moved in direction of arrow X to pass over the third
protection-cover-holding part 108, for the material for con-
figuring the plate-like member, the material having elasticity
or stickiness does not have to be used.

[0073] The interval between the first protection-cover-
holding part 102 and the second protection-cover-holding
part 107, and the interval between the second protection-
cover-holding part 107 and the third protection-cover-hold-
ing part 108 may be appropriately adjusted depending on the
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size of the main body 103 and the protection cover 101.
However, as is mentioned later, such an interval is preferably
set so that when the measurement cell 1 is immersed in a
sample such as urine and when the sample is supplied to
inside the measurement cell 1, the protection cover 101 as
well is not immersed in the sample.

[0074] Inthe measurementcell 1 of the present invention as
shown in Embodiments 1 to 3, an absorbent is preferably
disposed at the inner side of the protection cover 101. With
such an arrangement, when the protection cover 101 is moved
along the circumferential sides of the main body 103, the
absorbent disposed at the inside the protection cover 101 can
wipe off the sample attached to the side face of the main body
103. Particularly, after measurement, as shown in FIG. 8,
upon moving the protection cover 101 to the position where
the opening part 106 is covered, the sample attached near the
opening part 106 can be wiped off.

[0075] The form and area of the absorbent may be adjusted
appropriately so that the absorbent is positioned at least the
portion near the opening part 106 (that is, the portion corre-
sponding to the opening part 106 and its vicinity) when the
protection cover 101 is moved to the position where the
opening part 106 is covered. This is because when the absor-
bent is configured with such conditions, the sample attached
near the opening part 106 can be wiped off further reliably.

[0076] Therefore, the form of the absorbent is not particu-
larly limited and the absorbent may be for example strip
(band) or sheet. The absorbent may be provided, at least the
opening part 106 side in the inner surfaces of the protection
cover 101. The absorbent may also be provided at other inner
surfaces, or at all the inner surfaces.

[0077] For the material for configuring the absorbent, for
example, a polymer absorbent sheet using absorbing resin
such as cross-linked polyacrylate made of acrylic acid may be
mentioned.

[0078] The measurement cell of the present invention may
further include a suction opening for sucking a sample into
the sample holding part. In Embodiments 1 to 3 above, the
opening at the upper end of the hollow cylindrical member of
the measurement cell 1 as shown in FIGS. 1 to 8 may be used
as the suction opening.

[0079] The measurement cell of the present invention may
be further provided with a reagent that reacts specifically with
the analyte in the sample, in the sample holding part. The
reagent is preferably provided in the sample holding part in
dried condition, to be dissolved in the sample when the
sample is supplied into the sample holding part. For example,
the reagent may be carried by impregnating a porous carrier
made of glass fiber or filter paper with a reagent solution,
drying the reagent solution, and providing the porous carrier
in the sample holding part. The reagent may be disposed by
applying the reagent solution directly to the sidewall face
configuring the sample holding part, and then drying.

[0080] Forthe reagent, for example, enzyme, antibody, hor-
mone receptor, chemiluminescence reagent, and DNA may
be mentioned. Especially, antibodies are advantageous in that
reagents are easily made, since antibodies can be produced
with known methods. For example, by immunizing mice or
rabbits using proteins such as albumin, and hormones such as
hCG and LH as antigen, antibodies to these antigens can be
obtained. For the antibody, an antibody to a protein included
in urine such as albumin, and an antibody to a hormone
included in urine such as hCG and LH may be mentioned.



US 2009/0263283 Al

[0081] For the sample in the present invention, may be
mentioned are body fluids such as urine, serum, plasma, and
blood; and liquids such as a culture supernatant fluid. Among
these, urine is preferable as a sample. When the sample is
urine, daily health management can be done at home nonin-
vasively.

[0082] For the analyte, albumin, hCG, LH, CRP, and IgG
may be mentioned.

[0083] In qualititative analysis on urine conducted at an
earlier stage of health management, the following twelve
items are examined: pH, specific gravity, protein, sugar,
occult blood, ketones, bilirubin, urobilinogen, nitrite, leuko-
cyte, ascorbic acid, amylase, and sodium chloride. On ana-
lyzing kidney function, microalbumin can be mentioned, and
for a pregnancy test marker, hormones such as hCG and LH
can be mentioned. For proteins, microalbumin, and hormones
such as hCG and LH, optical measurement based on antigen-
antibody reaction is suitable. For the optical measurement
based on antigen-antibody reaction, nephelometric immu-
noassay, turbidimetric immunoassay, and latex agglutination
may be mentioned.

Embodiment 4
2. Method for Using Measurement Cell

[0084] Inthe following, a method for using a measurement
cell of the present invention (that is, a measurement method
using a measurement cell) is described by referring to the
figures. Described in this section is the case when a measure-
ment cell (Embodiment 4), which is a modified embodiment
ofthe measurement cell in Embodiment 3 above, is used, and
the sample is urine, and analyte is human albumin. FIG. 9 is
aperspective view illustrating a measurement cell in Embodi-
ment 4 of the present invention; FIG. 10 is a front view of the
measurement cell 1 shown in FIG. 9; and FIG. 11 is a cross
sectional view along the line B-B of the measurement cell 1
shown in FIG. 10.

[0085] Inameasurement cell 1 of Embodiment 4, the main
body 103 is configured to include a first measurement cell
member 109 and a second measurement cell member 110.
The measurement cell 1 in this Embodiment is almost the
same as that of the Embodiment 3, except that the main body
103 of hollow quadrangular prism, in which a hollow portion
functioning as the sample holding part 105 is formed, by
combining the first measurement cell member 109 and the
second measurement cell member 110, and that an absorbent
114 is provided at the inner surface of the protection cover
101.

[0086] The sample holding part 105 is a hollow portion of
quadrangular prism with a base of about 5 to 12 mm per side,
and a height of about 50 to 100 mm. The measurement cell 1
is provided with an opening part 106 for supplying a sample
into the sample holding part 105 and a suction opening 113
for sucking a sample into the sample holding part 105. Each
of the opening part 106 and the suction opening 113 is com-
municating with the sample holding part 105.

[0087] Themainbody 103 includes a first protection-cover-
holding part 102 for holding the protection cover at the posi-
tion where the optical window portion 104 is covered; and a
second protection-cover-holding part 107 for holding the pro-
tection cover at the position where the optical window portion
104 and the opening part 106 are exposed. Further, a third
protection-cover-holding part 108 for holding the protection
cover 101 at the position where the opening part is covered is
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combined with the main body 103, covering the opening
facing the suction opening 113 of the main body 103.

[0088] The protection cover 101 is configured by assem-
bling the first protection cover member 111 and the second
protection cover member 112, and as shown in FIG. 11, at the
inner surface of the protection cover 101, an absorbent 114 is
disposed.

[0089] The first measurement cell member 109, the second
measurement cell member 110, the first protection cover
member 111, the second protection cover member 112, and
the third protection-cover-holding part 108 are made of trans-
parent polystyrene. For the absorbent 114, a polymer absor-
bent sheet made of polyethylene oxide is used.

[0090] As shown in FIG. 9, before conducting measure-
ment, the protection cover 101 is held by the first protection-
cover-holding part 102 at the position where the optical win-
dow portion 104 of the main body 103 is covered. The
protection cover 101 can also be moved in the direction of
arrow X, along the circumferential sides of the main body
103. In the measurement cell 1 in this Embodiment, since the
optical window portion 104 is protected by the protection
cover 101 without being exposed when not measuring, mea-
surement error based on dirt and damage on the optical win-
dow portion 104 can be prevented.

[0091] A method for manufacturing the measurement cell 1
in Embodiment 4 is described next by referring to FIG. 12.
FIG. 12 is an exploded perspective view of the measurement
cell 1 in Embodiment 4.

[0092] The first measurement cell member 109, the second
measurement cell member 110, and the first protection cover
member 111 are made of transparent polystyrene, and can be
made by molding with a metal mold. For the molding, known
resin molding technique may be used. The upper side and the
ends of the first measurement cell member 109 and the first
protection cover member 111 are opened, as shown in FIG.
12, thereby forming a depressed portion.

[0093] The first measurement cell member 109 is provided
with two projections functioning as the first protection-cover-
holding part 102, and two projections functioning as the sec-
ond protection-cover-holding part 107. The second measure-
ment cell member 110 is provided with an opening part 106,
two projections functioning as the first protection-cover-
holding part 102, and two projections functioning as the sec-
ond protection-cover-holding part 107.

[0094] In the two walls facing each other in the first mea-
surement cell member 109, the area between an opening near
the first protection-cover-holding part 102 and the first pro-
tection-cover-holding part 102 functions as the optical win-
dow portion 104.

[0095] Then, the reagent-holding part 115 is formed at the
bottom face of the depressed portion of the first measurement
cell member 109. For example, by dropping a predetermined
amount of an aqueous solution of an antibody against human
albumin, i.e., a reagent for optical measurement, to the bot-
tom portion of the depressed portion of the first measurement
cell member 109 to apply the reagent, by using for example a
microsyringe, and allowing to stand in an environment with
temperature of ambient temperature to 30° C. to evaporate
moisture, the reagent can be carried in dry condition. The
concentration of the aqueous solution of antibody, the amount
to be dropped, and the area to be dropped are, for example, a
concentration of 11 ng/ml., an amount of 0.1 mL., and an area
of 1.5 cm?, respectively.
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[0096] The concentration and the amount of the aqueous
solution including the reagent to be applied may be adjusted
appropriately depending on the required characteristics of the
measurement cell and space limitations from the position in
the first measurement cell member 109. The position and the
area of the reagent-holding part 115 in the first measurement
cell member 109 may be adjusted appropriately in view of the
solubility of reagent in the sample and the position of the
optical window portion 104.

[0097] The antibody against human albumin can be
obtained by conventionally known methods. For example, by
refining rabbit antiserum immunized with human albumin
with a protein A column chromatography, and dialyzing with
a dialysis tube, the anti-human albumin antibody can be
obtained.

[0098] The second protection cover member 112 and the
third protection-cover-holding part 108 are transparent poly-
styrene-made plate members, and as the first measurement
cell member 109, the second measurement cell member 110,
and the first protection cover member 111, can be made by
molding with a metal mold. Instead, these may also be formed
by cutting a resin-made plate into a desired form.

[0099] The first measurement cell member 109, the second
measurement cell member 110, and the third protection-
cover-holding part 108 that can be obtained as described
above are bonded with the positional relation shown by the
broken lines shown in FIG. 12, to assemble the main body.
That is, after applying an adhesive such as an epoxy resin at
the joint portion of each member, each member is put together
and allowed to stand to be dried. Instead, the joint portions
may be also welded, for example, by heat or ultrasonic waves
by using a commercially available welding device after each
member was put.

[0100] Then, the absorbent 114, which is made of a water-
absorbing polymer resin sheet, is wrapped around on the left
end side of the assembled main body as shown in FIG.12. The
first protection cover member 111 and the second protection
cover member 112 are bonded with the positional relation
shown with the broken lines in FIG. 12, so as to cover the
sheet wrapped around, thereby assembling the protection
cover around the main body. In this case as well, at the joint
portion of each member, an adhesive such as an epoxy resin is
applied, and then each member is allowed to stand to dry the
joint portion for assembly. The first protection cover member
111 and the second protection cover member 112 may also be
welded by heat or ultrasonic waves at the joint portion, by
using for example commercially available welding devices.
The measurement cell 1 in Embodiment 4 with the configu-
ration as shown in FIG. 9 can be obtained.

[0101] The size of the measurement cell 1, and the length
and space between each members may be adjusted appropri-
ately, as long as the effects of the invention are not damaged.
For example, the size may be the following.

First measurement cell member 109

[0102] Thickness of 1 mm
[0103] Size of the depressed portion
[0104] Width of 8 mm, Depth of 8 mm, Length of 96 mm

Second measurement cell member 110

[0105] Thickness of 1 mm, Width of 10 mm, Length of
96 mm

[0106] Third protection-cover-holding part 108

[0107] Thickness of 1 mm, Length and Width of 14 mm
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First protection cover member 111

[0108] Thickness of 1 mm

[0109] Size of the depressed portion

[0110] Width of 12 mm, Depth of 12 mm, Length of 14
mm

Second protection cover member 112

[0111] Thickness of 1 mm, Length and Width of 14 mm
3. Measurement Device
[0112] A measurement device using the measurement cell

of the present invention is described next with reference to
FIGS. 13 to 15, by referring to a measurement device using
the measurement cell in Embodiment 4 described above as a
typical example. FIG. 13 is a perspective view illustrating a
measurement device 2 using the measurement cell 1 in
Embodiment 4; FIG. 14 is a cross sectional view illustrating
the measurement device 2 shown in FIG. 13; and FIG. 151s a
block diagram illustrating a configuration of the measure-
ment device 2 shown in FIGS. 13 and 14.

[0113] As shown in FIG. 13, the measurement device 2 in
this Embodiment includes: a measurement cell attaching por-
tion 201 for removably attaching the measurement cell 1; a
sample supply button 202 for supplying a sample to the mea-
surement cell 1; a sample discharge button 203 for discharg-
ing the sample in the measurement cell 1 to for example a
paper cup after the measurement; and a display portion 207,
i.e., a liquid crystal display, for showing the measurement
result. The opening part of the measurement cell attaching
portion 201 is given a size so as to allow the insertion of the
main body of the measurement cell but disallow the insertion
of'the protection cover 101. For example, when the measure-
ment cell 1 in Embodiment 4 is used, the size of the opening
part may be 10.5 mm in length and width.

[0114] As shown in FIG. 14, a measurement cell attach-
detach portion 211 is provided at the inner side of the mea-
surement cell attaching portion 201, and the measurement
cell attach-detach portion 211 is inserted into the suction
opening 113 of the measurement cell 1 when attaching the
measurement cell 1. For preventing air leakage at the joint
portion when attaching the measurement cell 1, a seal ring
made of elastic resin such as Teflon® and isoprene rubber is
preferably provided around the measurement cell attach-de-
tach portion 211 to improve the adhesion between the mea-
surement cell attach-detach portion 211 and the suction open-
ing 113.

[0115] As shown in FIG. 14, the measurement device 2
further includes: a motor 208 for moving a plunger 209 dis-
posed inside the cylinder 210 through a plunger joint 212; a
light source 205 for allowing incident light entered the optical
window portion 104 of the measurement cell 1 to exit; and an
optical receiver 206 for receiving the exit light from the
optical window portion 104 of the measurement cell 1. The
motor 208, the plunger 209, and the cylinder 210 correspond
to the suction mechanism 403 for sucking the sample into the
sample holding part 105 of the measurement cell 1. In the
cylinder 210, an O-ring 213 is provided to keep the herme-
ticity between the cylinder 210 and the plunger 209.

[0116] As shown in FIG. 15, in the measurement device 2,
aCPU401, i.e., a computing unit for detecting or determining
the quantity of the analyte included in the sample based on the
exit light received by the optical receiver 206; and a memory
402, i.e., a memory unit which stores a calibration curve
showing relations between the concentration of the analyte,
i.e., human albumin, and the exit light intensity received by
the optical receiver 206 are provided.



US 2009/0263283 Al

[0117] For the light source 205 in the measurement device
2, a semiconductor laser which outputs light with a wave-
length of 650 nm may be used. A light emitting diode (LED)
may also be used instead. Although measurement based on
turbidimetric immunoassay is used and a wavelength of 650
nm for light application and light reception is selected in this
Embodiment, such a wavelength and a measurement method
may be appropriately selected according to measurement
subject.

[0118] For the optical receiver 206 in this Embodiment,
photodiode is used. For the optical receiver 206, a charge
coupled device (CCD) and a photo multimeter may also be
used instead.

[0119] The suction mechanism 403 in the measurement
device 2 is configured so that the plunger 209 in the cylinder
210 is operated by the motor 208, which is a linear-type step
motor.

[0120] The step motor is a motor which rotates in a particu-
lar rotation angle per one pulse signal inputted, and therefore
the rotation angle can be determined by the pulse count and an
encoder for positioning is unnecessary. That is, the operating
distance of the plunger (piston) can be controlled based on the
pulse count entered. The rotation of the motor is converted to
linear motion by using a gear mechanism and a linear mecha-
nism in which a male screw and a female screw are combined
to operate the plunger. In linear-type step motors, a linear
mechanism in which a male screw and a female screw are
combined in a motor is incorporated, and the configuration is
made so that the plunger joint, which is a rod-like movable
part, generates linear motion based on the pulse count
entered. Thus, the plunger may be directly connected to the
plunger joint, for simple configuration.

4. Method of Using Measurement Device

[0121] With reference to a method of using a measurement
device in which a measurement cell of the present invention is
used, steps for measuring an analyte in a sample by using the
measurement cell 1 in Embodiment 4 and the measurement
device 2 in the above are described by referring to FIGS. 16 to
22. FIGS. 16 to 22 are diagrams for describing steps for
measuring the analyte in a sample by using the measurement
cell 1 and the measurement device 2 of the present invention.
In the following, an example using urine as a sample is
described. In FIGS. 16 to 22, for clear view of the structure
inside the measurement cell, the size of the measurement cell
relative to the measurement device is drawn larger than the
actual size.

[0122] First, the measurement cell 1 is moved in the direc-
tion of arrow Y so that the measurement cell attach-detach
portion 211 of the measurement device 2 and the suction
opening 113 of the measurement cell 1 are connected, thereby
attaching the measurement cell 1 to the measurement device
2 through the measurement cell attaching portion 201 (FIG.
16). The opening part of the measurement cell attaching por-
tion 201 has a size that allows insertion of the measurement
cell main body 103 but disallows insertion of the protection
cover 101. Thus, the protection cover 101 that was held by the
first protection-cover-holding part 102 is not inserted into the
opening part of the measurement cell attaching portion 201,
and as the main body 103 is inserted into the opening part of
the measurement cell attaching portion 201, the protection
cover 101 moves in the direction of arrow Z along the main
body 103, so as to expose the optical window portion 104 in
the measurement device 2. Since the measurement cell main

Oct. 22, 2009

body 103 is provided with the second protection-cover-hold-
ing part 107, the protection cover 101 does not move to pass
over the second protection-cover-holding part 107 (FIG. 17).
[0123] Then, into a urine 301 discharged in a paper cup 3, at
least the opening part 106 of the measurement cell 1 is
immersed (FIG. 18). By pressing the sample supply button
202 under such conditions, CPU 401 allows the suction
mechanism 403 to operate. To be specific, the motor 208 in
the measurement device 2 is driven to pull up the plunger 209
inside the cylinder 210 through the plunger joint 212, so as to
supply a predetermined amount of the urine 301 (for example,
6 mL) from the opening part 106 of the measurement cell 1 to
the sample holding part 105 (FIG. 19).

[0124] By keeping the plunger 209 at such a position, the
urine is kept in the sample holding part 105, not leaking from
the opening part 106 or being sucked into the cylinder 210.
Upon suspension of the motor 208 and ending of the suction
operation by the suction mechanism 403, CPU 401 allows the
display portion 207 to show the message notifying the end of
the supplying of the sample to the sample holding part 105,
and allows the timer, i.e., the timer unit 404, to start to time.
After the end of the supplying of the sample, the opening part
106 may be pulled up from the urine 301.

[0125] The urine supplied in the sample holding part 105
dissolves the dried reagent carried at the reagent-holding part
115, i.e., anti-human albumin antibody, and an immune reac-
tion between the antigen in the urine, i.e., human albumin, and
the anti-human albumin antibody advances.

[0126] Then, when the CPU 401 determines that a prede-
termined time (for example, two minutes) has elapsed from
the completion of the sample supply into the sample holding
part 105 based on the signal from the timer unit 404, the CPU
401 allows the light source 205 to carry out light application.
[0127] A laser beam outputted from the light source 205 is
applied to the urine in the sample holding part 105 through the
optical window portion 104: light scattered in the urine and
outputted from the optical window portion 104 is received by
the optical receiver 206.

[0128] The CPU 401 reads out the calibration curve that
shows the relationship between the exit light intensity and the
human albumin concentration stored in the memory 402, and
by referring to the calibration curve, the CPU 401 converts the
exit light intensity received by the optical receiver 206 into
the human albumin concentration. The obtained human albu-
min concentration is displayed on the display portion 207. By
showing the human albumin on the display portion 207, the
user knows the completion of the measurement on the human
albumin concentration.

[0129] The obtained human albumin concentration is pref-
erably stored in the memory 402 along with the time timed by
the timer unit 404.

[0130] Then, the measurement device 2 with the measure-
ment cell 1 attached or the paper cup 3 is moved so that the
opening part 106 of the measurement cell 1 is positioned on
top of the paper cup 3. With a pressing of the sample discharge
button 203 under such a condition, the motor 208 is driven to
push down the plunger 209 inside the cylinder 210 through
the plunger joint 212, to discharge the urine in the sample
holding part 105 into the paper cup 3 (FIG. 20). The paper cup
3 was drained of the discharged urine 301, and the paper cup
3 itself is discarded.

[0131] Then, the protection cover 101 of the measurement
cell 1 is moved in the direction of the opening part 106 along
the measurement cell main body 103. Since the measurement
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cell main body 103 is provided with the third protection-
cover-holding part 108, the protection cover 101 stays at the
position of the third protection-cover-holding part 108, and is
kept with the opening part 106 covered (FIG. 21). By doing
this, the urine 302 attached to the outer surface of the mea-
surement cell 1 between the second protection-cover-holding
part 107 and the third protection-cover-holding part 108 (ref.
FIG. 20) can be wiped off with a polymer absorbent sheet, i.e.,
the absorbent 114 disposed inside the protection cover 101.
[0132] Lastly, the measurement cell 1 is pulled out from the
measurement device 2 while holding the protection cover 101
(FIG. 22). By doing this, hands can be prevented from being
contaminated by mistakenly touching the sample attached to
the measurement cell 1 when the user is removing the mea-
surement cell 1 from the measurement device 2.

[0133] Further, the obtained human albumin concentration
can be recorded in a storage medium such as an SD card by the
recording unit 405. By storing the record in a removable
storage medium, the measurement result can be taken out
from the measurement device 2 easily, and therefore the stor-
age medium can be brought or sent to an analysis expertto ask
for analysis.

[0134] Further, the obtained human albumin concentration
can be sent out of the measurement device 2 by a transmission
unit 406. By doing this, the measurement result can be sent to
an analysis-related section in a hospital or to an analysis-
related institute, and can be analyzed by them, and therefore
the time from the measurement to the analysis can be reduced.
[0135] Further, areceiving unit 407 for receiving the analy-
sis result from the analysis-related section in a hospital or an
analysis-related institute is provided. By doing this, feedback
about the analysis result can be given to the user quickly.
[0136] Although the plunger 209 in the cylinder 210 is
operated through the motor 208 of the linear-type step motor
as the suction mechanism 403 in the above embodiments, the
configuration is not limited thereto. A step motor other than
the linear-type, and a direct current motor may also be used.
The suction mechanism may also be manual.

[0137] Although the urine is taken in the paper cup in the
above embodiments, without limitation, a transportable con-
tainer such as a plastic cup, or a urine container provided in a
toilet bowl may also be used.

[0138] Although the message for notifying the completion
of the sample supply into the sample holding part 105 is
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shown on the display portion 207 in the above embodiment,
the notification may also be done by a sound such as a buzzer
instead.

INDUSTRIAL APPLICABILITY

[0139] Based on the measurement cell of the present inven-
tion, since the optical window is protected when not in mea-
surement without being exposed and measurement error
based on the dirt and damage on the optical window portion
can be prevented, it is useful in analysis and testing field.

1. A measurement cell comprising:

a sample holding part for holding a sample;

an opening part for supplying the sample to an inner por-
tion of said sample holding part;

an optical window portion for allowing light to enter said
sample holding part, and allowing light to exit said
sample holding part;

a protection cover for protecting said optical window por-
tion, provided movably along the circumference of said
sample holding part; and

a first protection-cover-holding part for holding said pro-
tection cover at a position where said optical window
portion is covered with said protection cover.

2. The measurement cell in accordance with claim 1, fur-
ther comprising a second protection-cover-holding part for
holding said protection cover at the position where said opti-
cal window portion and said opening part are being exposed.

3. The measurement cell in accordance with claim 1, fur-
ther comprising a third protection-cover-holding part for
holding said protection cover at the position where said open-
ing part is being covered with said protection cover.

4. The measurement cell in accordance with claim 1, fur-
ther comprising an absorbent disposed inside said protection
cover.

5. The measurement cell in accordance with claim 2, fur-
ther comprising an absorbent disposed inside said protection
cover.

6. The measurement cell in accordance with claim 3, fur-
ther comprising an absorbent disposed inside said protection
cover.



