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Description

TECHNICAL FIELD

[0001] The present invention relates to a test instru-
ment used for measuring the concentration of a particular
component contained in a sample liquid, while also re-
lating to an attachment provided with such a test instru-
ment and further to a concentration measuring apparatus
to which such an attachment is mounted for use.

BACKGROUND ART

[0002] A blood glucose level measuring apparatus, an
example of concentration measuring apparatus, employs
a popular method for measuring the concentration of glu-
cose contained in blood, the method utilizing oxidation-
reduction reaction using oxidoreductase as the catalyst.
In using the blood glucose level measuring apparatus, a
test instrument for providing an enzyme reaction system
is attached to the measuring apparatus, and then blood
is supplied to the test instrument for the measurement of
the blood glucose level. A widely used test instrument
for a blood glucose level measuring apparatus may be a
biosensor of capillary type which utilizes capillary action
for introducing blood to the enzyme reaction system.
[0003] Figs. 16 and 17 illustrate an example of biosen-
sor which utilizes a capillary system. Fig. 16 is an explod-
ed perspective view of the biosensor 90, whereas Fig.
17 is a sectional view of the biosensor 90 in the assem-
bled state, the section being taken along lines XVII-XVII
in Fig. 16.

[0004] The biosensor 90 includes a substrate 91 on
which a spacer 92 and a cover 93 are laminated to define
a capillary 94. The capillary 94 is open at a suction port
94a and at a discharge port 94b formed in the cover 93.
The substrate 91 is provided with an operative electrode
95, a counterpart electrode 96 and a reagent portion 97.
The reagent portion 97 contains oxidoreductase and an
electron carrier.

[0005] For measuring the blood glucose level using
the biosensor 90, blood is introduced via the suction port
94a of the biosensor 90, which is pre-mounted to the
blood glucose level measuring apparatus. The blood in-
troduced moves through the capillary 94 to the reagent
portion 97 by capillary action and dissolves the reagent
portion 97 to form a liquid phase reaction system. By the
action of enzyme, the glucose in the blood is oxidized,
while the electron carrier is reduced. When certain volt-
age is applied across the operative electrode 95 and the
counterpart electrode 96 contacting the liquid phase re-
action system, the reduced electron carrier is oxidized.
The blood glucose level measuring apparatus detects
the oxidation current and computes the glucose concen-
tration based on the oxidation current.

[0006] A typical way to extract blood for introduction
into the biosensor 90 may be to use such a lancing ap-
paratus as disclosed in JP-A-9-266898, for example. A
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lancing apparatus is provided with a needle for punctur-
ing the skin of the user to cause bleeding. By bringing
the suction port 94a of the biosensor 90 into contact with
the extracted blood, the user can introduce the blood into
the capillary 94 through the suction port 94a.

[0007] Recently, as disclosed in JP-A-2000-231, for
example, ablood glucose level measuring apparatus with
a lancing function is proposed. With it, both the lancing
of the skin using a lancet (introduction of blood into the
biosensor 90) and the measurement of the blood glucose
level can be performed.

[0008] Inusing the biosensor 90 mentioned above, the
introduction of blood need be performed by bringing the
suction port 94a, which is very small, into proper contact
with the blood. This operation necessitates the user’s
visual confirmation. Thus, it is an intolerable burden to
introduce blood into the biosensor 90 after bleeding is
caused with the use of a lancing apparatus.

[0009] In using the blood glucose level measuring ap-
paratus having a lancing function, on the other hand, it
is often difficult to visually confirm the bleeding position,
which causes the following problems. The first problem
is that the blood supply to the biosensor 90 cannot be
repeated under the same conditions. The second prob-
lem arises when the blood supply is performed by allow-
ing the blood to come into contact with the suction port
94a before a sufficient amount of blood has oozed out.
In such a case, the time taken for introducing an amount
of blood necessary for the measurementinto the capillary
94 depends on the bleeding speed from the skin. Since
the bleeding speed varies depending on the bleeding por-
tion and among individuals, the time taken for introducing
an amount of bloody necessary for the measurement
cannot be constant. Further, in the biosensor 90 utilizing
the capillary system, the travel speed of the blood through
the capillary 94 depends on the viscosity of the blood,
which varies among individuals or depending on the
physical condition. Therefore, the time taken for blood
introduction into the thin capillary 94 varies largely also
due to variations of the viscosity of blood.

[0010] Such variations of time for blood introduction
influence the progress of the enzyme reaction, which
starts by the dissolution of the reagent portion 97 in blood.
As a result, reliable measurements cannot be obtained.
Further, the variations of time for blood introduction often
hinders the shortening of the measurement time.
[0011] Another example can be found in WO
00/54047, which provides an apparatus for collecting a
body fluid for testing, the apparatus including a reservoir
and a capillary test space in fluid flow communication
with the reservoir.

[0012] A further example can be found in WO
01/43796, which provides a blood collection device in-
cluding a metering chamber and a reservoir. A moveable
gasketis provided to seal the reservoir once the metering
chamber is full.
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DISCLOSURE OF THE INVENTION

[0013] An object of the present invention is to make it
possible to properly introduce a necessary amount of
sample liquid to the capillary of a test instrument without
the need for strict visual confirmation and to perform ac-
curate measurement with high reproducibility.

[0014] According to a first aspect of the present inven-
tion, there is provided a test instrument comprising a cap-
illary for moving a sample liquid, a liquid pooling portion
communicating with the capillary for retaining the sample
liquid to be introduced into the capillary, a liquid introduc-
tion selector for selecting whether or not the sample liquid
retained in the liquid pooling portion is introduced into
the capillary, a substrate and a cover for defining the
capillary together with the substrate, wherein the liquid
pooling portion includes an introduction port communi-
cating with the capillary for introducing the sample liquid,
wherein the introduction port is formed in the substrate
or the cover and characterized that the liquid pooling por-
tion continuously penetrates the substrate and the cover
thicknesswise.

[0015] Preferably, the introduction port opens wider
than an entrance of the capillary.

[0016] With such an arrangement, the sample liquid is
introduced more easily than when the sample liquid is
introduced directly into the capillary.

[0017] Preferably, the test instrument of the present
invention further comprises a close contact layer which
is provided adjacent the introduction port and which is
more adherent to skin than the substrate or the cover.
[0018] Preferably, the liquid introduction selector in-
cludes a discharge port for discharging air from an inside
of the capillary and both of the introduction port and the
discharge port are formed in the substrate or the cover.
[0019] With this structure, when the test instrument is
brought into close contact with the skin for introducing
blood as the sample liquid, the introduction port and the
discharge port can be simultaneously closed with the
skin.

[0020] Preferably, the liquid pooling portion has an in-
ternal capacity which is generally equal to or larger than
an internal capacity of the capillary.

[0021] Preferably, the test instrument of the present
invention further comprises a detector for detecting
whether or not an intended amount of sample liquid is
supplied to the liquid pooling portion.

[0022] Preferably, the detector includes a first detec-
tion electrode and a second detection electrode which
are exposed to an inside of the liquid pooling portion at
least partially, and whether or not an intended amount of
sample liquid is supplied to the liquid pooling portion is
determined by detecting whether or not electrical con-
duction through the sample liquid is provided between
the first detection electrode and the second detection
electrode.

[0023] Preferably, the test instrument of the present
invention further comprises a reagent portion provided
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in the capillary for dissolution upon supply of the sample
liquid to the capillary, and a first measurement electrode
and a second measurement electrode for applying a volt-
age to a reaction system formed by the reagent portion
and the sample liquid, wherein the first detection elec-
trode is electrically connected to the first measurement
electrode, the second detection electrode being electri-
cally connected to the second measurement electrode.
[0024] According to a second aspect of the present
invention, there is provided an attachment for mounting
to a concentration measuring apparatus for measuring
concentration of a particular component in a sample lig-
uid, the attachment comprising the test instrument as de-
scribed above.

[0025] Preferably, the attachment of the presentinven-
tion further comprises a lancet including a lancing needle
for passing through the liquid pooling portion.

[0026] Preferably, the liquid introduction selector in-
cludes a discharge port for discharging air from an inside
of the capillary, and whether or not the sample liquid re-
tained in the liquid pooling portion is introduced into the
capillary is selected by opening or closing the discharge
port.

[0027] For example, the skin may be utilized for open-
ing and closing of the discharge port. Alternatively, a
mechanism for opening and closing the discharge port
may be provided in the concentration measuring appa-
ratus.

[0028] According to a third aspect of the present in-
vention, there is provided a concentration measuring ap-
paratus for measuring concentration of a particular com-
ponent in a sample liquid, comprising a mount portion
and an attachment mounted to the mount portion, the
attachment comprising the test instrument as described
above.

[0029] Preferably, the liquid introduction selector in-
cludes a discharge port for discharging air from an inside
of the capillary and further includes an open/close mem-
ber for opening or closing the discharge port.

[0030] When the blood extracted from the skin is di-
rectly supplied to the test instrument, the discharged port
may be closed or opened by bringing the skin into or out
of contact with the discharge port. Specifically, the skin
may be brought into or out of contact with the discharge
port by appropriately varying the bulging degree of the
skin by the concentration measuring apparatus. The
bulging degree of the skin may be varied by varying the
degree of a negative pressure to be exerted on the skin.
To exert a negative pressure on the skin, a negative pres-
sure generator may be provided in the concentration
measuring apparatus. In this case, the negative pressure
generator constitutes the selector for selecting the liquid
introduction to the capillary. The negative pressure gen-
erator may be driven electrically or manually.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031]
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Fig. 1 is a perspective view illustrating an example
of biosensor according to a first embodiment of the
present invention.

Fig. 2 is a sectional view taken along lines II-1l in Fig.
1.

Fig. 3 is an exploded perspective view of the biosen-
sor shown in Fig. 1.

Fig. 4 is a sectional view taken along lines V-1V in
Fig. 1.

Fig. 5 is a perspective view illustrating a concentra-
tion measuring apparatus according to a first em-
bodiment of the present invention.

Fig. 6 is a sectional view taken along lines VI-VI in
Fig. 5.

Fig. 7 is a block diagram of the concentration meas-
uring apparatus shown in Fig. 5.

Fig. 8 is a sectional view corresponding to Fig. 6 for
describing the lancing operation.

Fig. 9 is a sectional view corresponding to Fig. 6 for
describing the lancing operation.

Fig. 10 is a sectional view corresponding to Fig. 6
for describing the lancing operation.

Fig. 11 is an enlarged sectional view illustrating a
principal portion of Fig 10.

Fig. 12 is an enlarged sectional view corresponding
to Fig. 11 for describing the operation of introducing
blood into the biosensor.

Fig. 13 is a sectional view taken along lines VII-VII
in Fig. 5, illustrating a concentration measuring ap-
paratus according to a second embodiment of the
present invention.

Fig. 14 is an enlarged sectional view illustrating a
principal portion of Fig. 13.

Fig. 15 is an enlarged sectional view corresponding
to Fig. 14 for describing the operation of introducing
blood into the biosensor.

Fig. 16 is an exploded perspective view illustrating
a prior art biosensor 90.

Fig. 17 is a sectional view of the prior art biosensor
in an assembled state, which is taken along lines
XVII-XVII in Fig. 16.

BEST MODE FOR CARRYING OUT THE INVENTION

[0032] Preferred embodiments of the present inven-
tion will be described below with reference to the accom-
panying drawings. Specifically, a biosensor for measur-
ing a blood glucose level, an attachment and a blood
glucose level measuring apparatus will be described be-
low.

[0033] First, a first embodiment of the present inven-
tion will be described.

[0034] Figs. 1 and 2 show a disposable biosensor X,
which is mounted in use to a blood glucose level meas-
uring apparatus. The biosensor X includes a substrate 1
on which a cover 3 is laminated via a spacer 2, thereby
defining a liquid pooling portion 4 and a capillary 5.
[0035] As shown in Figs. 2 and 3, the substrate 1 is

10

15

20

25

30

35

40

45

50

55

formed with a first through-hole 11 and a second through-
hole 12. The first through-hole 11 constitutes part of the
liquid pooling portion 14 and also serves as an inlet for
introducing a sample liquid such as blood to the liquid
pooling portion 4. The second through-hole 12 serves to
discharge air from the inside of the capillary 5.

[0036] The first through-hole 11 comprises a first cir-
cular recess 11a, a second circular recess 11b, and a
penetrating portion 11c which connects the two circular
recesses to each other and which is smaller in diameter
than the circularrecesses 11aand 11b. Inthefirst circular
recess 11a, a contacting member 13 is fitted.

[0037] The contacting member 13 has an annular con-
figuration with a central through-hole 13a and has a thick-
ness of about 70p.m. The contacting member 13 has an
outer diameter corresponding to the outer diameter of
the first circular recess 11a and an inner diameter (the
diameter of the through-hole 13a) corresponding to the
diameter of the penetrating portion 11c. As clearly shown
in Fig. 2, the contacting member 13 comprises a water
absorbing layer 13b sandwiched between a pair of ad-
hesive layers 13c and 13d. The water absorbing layer
13b is a thin film having a thickness of about 50p.m and
made of nonwoven fabric, for example. The adhesive
layers 13c and 13d have adhesion appropriate for close
contact with the skin. The adhesive layer 13c of the con-
tacting member 13 is bonded to the substrate 1. The ad-
hesive layer 13d has an obverse surface which is gen-
erally flush with the lower surface of the substrate 1. In
measuring a blood glucose level, the adhesive layer 13d
of the contacting member 13 contacts the skin S of the
user so that blood once retained in the liquid pooling por-
tion 4 does not leak to the outside.

[0038] The contacting member 13 described above is
fitted in the first circular recess 11a formed in the sub-
strate 1. However, the first circular recess 11a may be
dispensed with, and the contacting member 13 may be
bonded to the lower surface of the substrate 1. Further,
instead of the above-described structure, the contacting
member may be made of a sufficiently resilient material
such as silicone rubber.

[0039] As shown in Fig. 3, the insulating substrate 1
has an upper surface formed with an operative electrode
14, a counterpart electrode 15, and a reagent portion 16
connecting these electrodes to each other. The operative
electrode 14 and the counterpart electrode 15 extend
from an end edge 1a of the substrate 1 longitudinally of
the substrate 1. The operative electrode 14 and the coun-
terpart electrode 15 have respective first ends 14a and
15a extending widthwise of the substrate 1 and facing
the interior of the capillary 5, as clearly shown in Fig. 2.
In measuring the blood glucose level, the voltage provid-
ed between the first ends 14a and 15a of the electrodes
14 and 15 is applied to the sample liquid. As shown in
Figs. 1 and 3, the operative electrode 14 and the coun-
terpart electrode 15 respectively have second ends as
terminals 14b and 15b. As shown in Fig. 4, the terminals
are provided for electrical connection with terminals 66a
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of the blood glucose level measuring apparatus.

[0040] The reagent portion 16 shown in Figs. 2 and 3
is in a solid state and contains oxidoreductase and an
electron carrier. As clearly shown in Fig. 2, the reagent
portion 16is arranged in the capillary 5 and keptin contact
with the first ends 14a and 15a of the operative electrode
14 and the counterpart electrode 15. As oxidoreductase,
use may be made of glucose oxidase which oxidizes glu-
cose in blood to gluconic acid while reducing the electron
carrier. As the electron carrier, use may be made of po-
tassium ferricyanide, for example.

[0041] Thespacer2has anelongated rectangular con-
figuration which is slightly shorter than the substrate 1.
The spacer 2 is formed with a slit 20 communicating with
the first and the second through-holes 11 and 12 of the
substrate 1. The slit 20 has an end 20a located directly
above the first through-hole 11 of the substrate 1. As
shownin Fig. 3, the spacer 2 has an end edge 2a provided
with a pair of conductive portions 21 and 22. As shown
inFigs. 3and 4, the conductive portions 21 and 22, having
electric conductivity, extend continuously on an upper
surface, a side surface and a lower surface of the spacer
2.

[0042] AsshowninFig.3,the cover 3 hasan elongated
rectangular configuration which is generally equal in size
to the spacer 2. As clearly shown in Fig. 2, the cover 3
is formed with a through-hole 30 located directly above
the first through-hole 11 of the substrate 1. The through-
hole 30 constitutes part of the liquid pooling portion 4.
The through-hole 30 is provided for passing a lancing
needle of a lancet provided at the blood glucose level
measuring apparatus, which will be described later. Fur-
ther, in introducing blood to the liquid pooling portion 4,
the through-hole 30 is utilized for discharging air from the
inside of the liquid pooling portion 4.

[0043] As shown in Figs. 2 and 3, the cover 3 has a
lower surface provided with a pair of detection electrodes
31 and 32. As clearly shown in Fig. 2, the detection elec-
trodes 31 and 32 have respective ends 31a and 32a ex-
posed to the liquid pooling portion 4. Each of the detection
electrodes 31 and 32 extends from a portion adjacent
the through-hole 30 to an end edge 3a of the cover 3.
[0044] As shown in Fig. 4, the detection electrode 31
is electrically connected to the conductive portion 21 of
the spacer 2 at the end edge 3a of the cover 3. The con-
ductive portion 21 is electrically connected to the opera-
tive electrode 14 provided on the substrate 1. The elec-
trical connection between the conductive portion 21, the
detection electrode 31 and the operative electrode 14 is
provided using a conductive adhesive, for example.
Though not illustrated, the detection electrode 32 is con-
nected to the counterpart electrode 15 via the conductive
portion 22. Therefore, it is possible to detect whether or
not an electrical connection (liquid junction) is estab-
lished between the detection electrodes 31 and 32 by
utilizing the terminals 14a and 15a of the operative elec-
trode 14 and the counterpart electrode 15.

[0045] Referring to Fig. 2, the liquid pooling portion 4
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serves to temporarily retain blood to be supplied to the
capillary 5. The liquid pooling portion 4 is made up of the
first through-hole 11 of the substrate 1, the end 20a of
the slit 20 of the spacer 2, and the through-hole 30 of the
cover 3. Thus, the liquid pooling portion 4 penetrates
thicknesswise of the biosensor X to open upward and
downward. The liquid pooling portion 4 may have an in-
ternal capacity of 1.5-2.5p.L, for example.

[0046] Thefirstcircularrecess 11a of the liquid pooling
portion 4 and the through-hole 13a of the contacting
member 13 are open wider than the inlet to the capillary
5. Therefore, introduction of blood to the biosensor X can
be performed more easily and reliably than when the
blood is introduced directly to the capillary 5.

[0047] As noted above, the capillary 5 communicates
with the second through-hole 12 of the substrate 1 and
the liquid pooling portion 4. After the blood retained in
the liquid pooling portion 4 is sucked into the capillary 5,
the blood can be held in the capillary. The capillary 5 has
aninternal capacity which is smaller than that of the liquid
pooling portion 4. Specifically, the internal capacity may
be 0.9-1.0p.L, for example.

[0048] Preferably, surfaces defining the liquid pooling
portion 4 and the capillary 5 are subjected to hydrophilic
treatment to be highly hydrophilic for realizing smooth
supply of the sample liquid. As the hydrophilic treatment,
a film of Vinylon may be provided or a surface-active
agent may be coated.

[0049] In the biosensor X, the sample liquid supplied
to the liquid pooling portion 4 can be guided to the cap-
illary 5 by capillary action. The sample liquid guided to
the capillary 5 dissolves the reagent portion 16 to form a
liquid phase reaction system in the capillary 5. At that
time, by the action of oxidoreductase, a particular com-
ponent in the sample liquid loses electrons and is oxi-
dized, and the electrons are supplied to the electron car-
rier to reduce the electron carrier. When a voltage is ap-
plied across the operative electrode 14 and the counter-
partelectrode 15, the electrons transferred to the electron
carrier are released, whereby redox current flows.
[0050] Fig. 5illustrates a blood glucose level measur-
ing apparatus 6, which is used with an attachment 7
mounted thereto and has a lancing (blood drawing) func-
tion and a blood glucose level measuring function. The
blood glucose level measuring apparatus 6 includes a
display 61, an operation switch 62, a press switch 63 and
a mount portion 64.

[0051] Thedisplay 61, which is provided for displaying
e.g. measurement results, may comprise a liquid crystal
display or an LED display. The operation switch 62 is
pressed in starting a series of process steps for the blood
glucose level measurement, for example. The press
switch 63 is pressed in stating the lancing operation. The
mount portion 64 is a portion for mounting the attachment
7.

[0052] As shown in Fig. 6, the attachment 7 is made
up of the above-described biosensor X and a main body
70. The main body 70 includes a cylindrical portion 71
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and a bottom wall 72. The cylindrical portion 71 is fitted
around a front end of the mount portion 64. The bottom
wall 72 has a projection 73 bulging upward. The projec-
tion 73 serves to hold a lancet 74 provided with a lancing
needle 74a, and the opening of the projection is covered
with the biosensor X attached to the bottom wall 72. The
projection 73 has an upper wall formed with a thorough-
hole 73a for passing a push portion 74b of the lancet 74.
The projection 73 has a circumferential wall formed with
a through-hole 73b for allowing air movement in e.g. driv-
ing a pump P, as will be described later. The projection
73 accommodates a coil spring 75 arranged, in a com-
pressed state, between a flange 74c of the lancet 74 and
the biosensor X. Thus, the lancet 74 is held with the flange
74c pressed against the bottom wall of the projection 73
by the coil spring 75.

[0053] The blood glucose level measuring apparatus
6 further includes a pushing rod 65 and a pair of connec-
tors 66 (only one of which is shown in the figure). When
the press switch 63 is pressed, the pushing rod 65 is
driven to move toward the front end of the apparatus.
The pushing rod 65 may be driven by a known latch mech-
anism or a mechanism utilizing an electromagnet. Each
of the connectors 66 is connected to an electric circuit
not shown and provided with a connector pin 66a recip-
rocally movable upward and downward. When the at-
tachment 7 is mounted to the blood glucose level meas-
uring apparatus 6, the connector pins 66a come into con-
tact with the terminals 14b and 15b of the biosensor X,
respectively.

[0054] A pump P is connected to the mount portion 64
via a connection pipe 67 communicating with the inside
of the mount portion. The connection pipe 67 is provided
with a pressure sensor 67a for measuring the internal
pressure of the mount portion 64. The pump P serves to
discharge gas from the inside of the mount portion 64 to
depressurize the inside of the cylindrical member 64. The
pump P may be incorporated in the blood glucose level
measuring apparatus 6 or maybe provided outside the
blood glucose level measuring apparatus 6. The pump
P may be electrically driven or manually driven. In the
presentembodiment, an electrically driven pump is used.
[0055] The mount portion 64 is provided with a relief
valve 68. The relief valve 69 is provided for taking in air
from the outside to return the pressure in the mount por-
tion 64 to the atmospheric pressure. The relief valve 68
may be a solenoid valve, for example. Alternatively, the
relief valve 68 may be opened manually. ,

[0056] Fig. 7 is a schematic block diagram of the blood
glucose level measuring apparatus 6. The blood glucose
measuring apparatus 6 includes a controller 80, a current
measurer 81, a pump driver 82, a relief valve driver 83
and a memory 84 in addition to the above-mentioned
display 61, operation switch 62 and pressure sensor 67a.
[0057] The controller 80 serves to control operations
of the parts 61, 62, 67a and 81-84 and may comprise a
CPU, for example.

[0058] The current measurer 81 applies a voltage
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across the operative electrode 14 and the counterpart
electrode 15 of the biosensor X to measure the current
flowing through the reagent portion 16. When the attach-
ment 7 is mounted to the mount portion 64, the current
measurer 83 is electrically connected to the operative
electrode 14 and the counterpart electrode 15 of the bi-
osensor X through the paired connectors 66.

[0059] The pump 82 drives the pump P based on in-
structions from the controller 80. The relief valve driver
83 drives the relief valve 68 based on instructions from
the controller 80.

[0060] The memory 84, which may comprise a ROM
and a RAM, stores programs necessary for the control
by the controller 80 and calibration curve data. The mem-
ory 84 also serves to temporarily store necessary infor-
mation in executing a program. The calibration curve data
store may representthe relationship between the glucose
concentration and the voltage converted from a meas-
ured current. The calibration curve data is stored in the
form of a formula or a lookup table.

[0061] The blood glucose level measuring operation
using the blood glucose level measuring apparatus 6 and
the attachment 7 will be described below. First, with the
attachment 7 mounted to the blood glucose level meas-
uring apparatus 6, the front end of the attachment 7 is
pressed against the skin S of an appropriate portion such
as an arm or a finger of the user, as shown in Fig. 6.
Thus, the opening at the front end of the attachment 7 is
closed with the skin S.

[0062] Subsequently, the operation switch 62 of the
blood glucose level measuring apparatus 6 is pressed.
By this operation, the controller 80 sends a control signal
to the pump driver 82 to drive the pump P. As a result,
the internal pressure of the mount portion 64 and the
attachment 7 reduces gradually. During this operation,
the controller 80 continues to monitor the output value
from the pressure sensor 67a. The skin S gradually bulg-
es in accordance with the pressure drop to eventually
come into contact with the biosensor X, as shown in Fig.
8. As a result, the first through-hole 11 and the second
through-hole 12 of the biosensor X are closed with the
skin S.

[0063] When the pressure sensor 67a detects the pre-
determined pressure value at which the skin S bulges
sufficiently for close contact with the biosensor X, the
driving of the pump P is stopped, thereby finishing the
depressurization. A message of the finishing of the de-
pressurization may be displayed at the display 61, for
example.

[0064] . Then, the user presses the press switch 63 of
the blood glucose level measuring apparatus 6, which
moves the pushing rod 65 swiftly. This pressing operation
of the press switch 63 can be performed after the user
confirms the finish of the depressurization by referring to
the message on the display 61. By this operation, the
pushing rod 65 comes into contact with the push portion
74b of the lancet 74 to push the lancet 74 toward the skin
S. As a result, the lancing needle 74a of the lancet 74
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passes through the through-hole 30, the liquid pooling
portion 4 and the first through-hole 11 of the biosensor
X to lance the skin S, as shown in Fig. 9. Instead of the
above-described structure, the lancing needle 74a may
automatically lance the skin S after several seconds have
elapsed from the starting of the depressurization by the
pump P.

[0065] Subsequently, as shown in Fig. 10, the rod 65
returns to its original position due to e.g. a resilient force
of a spring not shown. The lancing needle 74a returns to
its original position due to a resilient force of the spring
75 and is pulled out from the skin S. Blood B bleeds from
the skin S appropriately lanced by the lancing needle
74a. As shown in Fig. 11, the lanced portion faces the
liquid pooling portion 4, so that the blood extracted from
the skin S isimmediately introduced into the liquid pooling
portion 4 and retained in the liquid pooling portion 4. Since
the first through-hole 11 is closed with the skin S, the
blood retained in the liquid pooling portion 4 is prevented
from leaking to the outside.

[0066] When an intended amount of blood B is stored
in the liquid pooling portion 4, electrical conduction
through the liquid is provided between the ends 31a and
32aofthe paired detection electrodes 31 and 32 exposed
to the liquid pooling portion 4. The electrical conduction
is detected by the controller 80 (See Fig. 7) through the
detection electrodes 31, 32 and the connector pins 66a.
When the controller 80 detects the electrical conduction
between the detection electrodes 31 and 32, the relief
valve 68 is opened based on instructions from the con-
troller 80. By this operation, the interior of the attachment
7 is exposed to the atmosphere (See Figs. 7 and 8),
whereby the internal pressure of the mount portion 64
(See Fig. 6) returns to the atmospheric pressure. As a
result, bulging of the skin S disappears so that the first
through-hole 11 and the second through-hole 12 of the
biosensor X are opened, as shown in Fig. 12. The return
tothe atmospheric pressure may be initiated by the user’s
removal of the attachment 7 from the skin S.

[0067] When the second through-hole 12 is opened,
the blood B retained in the liquid pooling portion 4 is quick-
ly introduced into the capillary 5 by capillary action. In
this way, in the biosensor X, the blood B quickly flows
into the capillary 5 after an intended amount of the blood
B is stored in the liquid pooling portion 4. Therefore, the
time taken for blood introduction in the blood glucose
level measurement can be prevented from varying large-
ly depending on e.g. the viscosity of the blood B.
[0068] The blood B introduced into the capillary 5 dis-
solves the reagent portion 16 to form a liquid phase re-
action system in the capillary 5. The glucose contained
in the blood B is oxidized by the action of oxidoreductase
contained in the reagent portion 16. The electrons re-
moved from glucose by this reaction are transferred to
the electron carrier via enzyme. Specifically, the electron
carrier is reduced by enzyme. Thereafter, when a prede-
termined voltage is applied across the operative elec-
trode 14 and the counterpart electrode 15 (See Fig. 4),
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oxidation current flows through the liquid phase reaction
system. The current measurer 81 measures the oxidation
current. The controller 80 computes the glucose concen-
tration based on the oxidation current, and the calibration
curve and computation program stored in the memory
84 (See Fig. 7).

[0069] The computation result obtained by the control-
ler 80 is displayed at the display 61 for notifying the user
(See Figs. 5 and 7). The biosensor X and the lancet 74
after use are removed from the blood glucose level meas-
uring apparatus 6 by the user’ s detachment of the at-
tachment 7 from the blood glucose level measuring ap-
paratus 6.

[0070] Next, a second embodiment of the present in-
vention will be described with reference to Figs. 13
through 15. In these figures, parts or elements which are
identical to those of the first embodiment are designated
by the same reference signs as those used for the first
embodiment, and detailed description thereof will be
omitted.

[0071] As shown in Figs. 13 and 14, in the biosensor
X in this embodiment, an air vent 39’ for discharging air
from the inside of the capillary 5 is provided in the cover
3’, not in the substrate 1. The air vent hole 39’ commu-
nicates with the capillary 5 and is tapered to widen as it
extends toward the outside. The bottom wall 72’ of the
attachment 7 is provided with a through-hole 79’ at a
location corresponding to the air vent 39'. The mount
portion 64’ of the blood glucose level measuring appa-
ratus 6’ is provided with a through-hole 64a’ connected
to the air bent 39’ and the through-hole 79'. The through-
hole 64a’ communicates with the interior of the mount
portion 64’ via a through-hole 64b’ . In the air vent 39’
and the through-hole 64a’, 79’ is fitted an open/close pin
69'. The open/close pin 69’ is movable reciprocally by a
driving mechanism not shown based on instructions from
the controller 80 (See Fig. 7). Thus, the air vent 39’ of
the biosensor X’ can be opened or closed by reciprocally
moving the open/close pin 69’.

[0072] Next, the blood glucose level measuring oper-
ation using the blood glucose level measuring apparatus
6’ and the attachment 7’ will be described. The operation
is similar to the first embodiment until an intended amount
of blood B is stored in the liquid pooling portion 4 and it
is detected by the controller 80 (See Fig. 7).

[0073] When the storage of arequired amount of blood
in the liquid pooling portion 4 is detected, the open/close
pin 69’ moves upward in the figure based on the instruc-
tions from the controller 80 (See Fig. 7) to open the air
vent 39’. When the front end of the open/close pin 69’
comes to the height of the through-hole 64b’, the air bent
39’ communicates with the interior of the mount portion
64’. As a result, the blood B retained in the liquid pooling
portion 4 quickly flows into the capillary 5 by capillary
action, as shown in Fig. 15. The subsequent operation
is similar to that of the first embodiment.

[0074] In this way, in the blood glucose level measure-
ment using the blood glucose level measuring apparatus
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6’ and the attachment 7’ , the blood B is quickly intro-
duced into the capillary 5 after an intended amount of the
blood Bis stored in the liquid pooling portion 4. Therefore,
the time required for blood introduction in the blood glu-
cose level measurement can be prevented from varying
largely depending on e.g. the viscosity of the blood B. As
a result, accurate measurement can be performed with
high reproducibility.

[0075] In the foregoing embodiments, the concentra-
tion of a particular component is measured by measuring
oxidation current using of electrodes. However, the
present invention is not limited thereto, and the concen-
tration may be measured utilizing colorimetry. Specifical-
ly, in the concentration measurement utilizing colorime-
try, a substance is used which changes its color or ab-
sorption spectrum when it is oxidized or reduced a result
of reduction or oxidation of a substance to be measured.
[0076] Although the presentinvention is described us-
ing a biosensor, an attachment and a concentration
measuring apparatus for measuring a blood glucose level
as an example, the present invention is not limited there-
to. For example, the structure of the foregoing embodi-
ments may be utilized for measuring a concentration of
cholesterol or lactic acid. Further, the biosensor may be
structured as a non-biological sensor which does not con-
tain e.g. enzyme at the reagent portion.

Claims
1. Atestinstrument comprising:

a capillary (5) for moving a sample liquid (B);

a liquid pooling portion (4) communicating with
the capillary (5) for retaining the sample liquid
(B) to be introduced into the capillary (5);

a liquid introduction selector (12, 39’, 69’) for se-
lecting whether or not the sample liquid (B) re-
tained in the liquid pooling portion (4) is intro-
duced into the capillary (5);

a substrate (1, 1°); and

a cover (3, 3’) for defining the capillary (5) to-
gether with the substrate (1, 1°);

wherein the liquid pooling portion (4) includes
anintroduction port (11) communicating with the
capillary (5) forintroducing the sample liquid (B);
wherein the introduction port (11) is formed in
the substrate (1, 1’) or the cover (3, 3’); and
characterized that the liquid pooling portion (4)
continuously penetrates the substrate (1, 1) and
the cover (3, 3’) thicknesswise.

2. The test instrument according to claim 1, wherein
the introduction port (11) opens wider than an en-
trance of the capillary (5).

3. The test instrument according to claim 1, further
comprising a close contact layer (13d) which is pro-
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vided adjacent the introduction port (11) and which
is more adherent to skin than the substrate (1, 1°) or
the cover (3, 3)).

4. The test instrument according to claim 1, wherein

the liquid introduction selector includes a discharge
port (12) for discharging air from an inside of the
capillary (5); and

wherein both of the introduction port (11) and the
discharge port are formed in the substrate (1) or the
cover (3).

5. The test instrument according to claim 1, wherein
the liquid pooling portion (4) has an internal capacity
which is generally equal to or larger than an internal
capacity of the capillary (5).

6. The test instrument according to claim 1, further
comprising a detector (31, 32) for detecting whether
or not an intended amount of sample liquid (B) is
supplied to the liquid pooling portion (4).

7. The test instrument according to claim 6, wherein
the detector includes a first detection electrode (31)
and a second detection electrode (32) which are ex-
posed to an inside of the liquid pooling portion (4) at
least partially, and whether or not an intended
amount of sample liquid (B) is supplied to the liquid
pooling portion (4) is determined by detecting wheth-
er or not electrical conduction through the sample
liquid (B) is provided between the first detection elec-
trode (31) and the second detection electrode (32).

8. The test instrument according to claim 7, further
comprising a reagent portion (16) provided in the
capillary (5) for dissolution upon supply of the sample
liquid (B) to the capillary (5), and a first measurement
electrode (14) and a second measurement electrode
(15) for applying a voltage to a reaction system
formed by the reagent portion (16) and the sample
liquid (B);
wherein the first detection electrode (31) is electri-
cally connected to the first measurement electrode
(14), the second detection electrode (32) being elec-
trically connected to the second measurement elec-
trode (15).

9. An attachment for mounting to a concentration
measuring apparatus for measuring concentration
of a particular component in a sample liquid (B), the
attachment (7) comprising a test instrument (X) ac-
cording to any one of claims 1 to 8.

10. The attachment according to claim 9, further com-
prising a lancet (74) including a lancing needle (74a)

for passing through the liquid pooling portion (5).

11. The attachment according to claim 9, wherein the
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liquid introduction selector includes a discharge port
(12, 39’) for discharging air from an inside of the cap-
illary (5), and whether or not the sample liquid (B)
retained in the liquid pooling portion (4) is introduced
into the capillary (5) is selected by opening or closing
the discharge port (12, 39’).

A concentration measuring apparatus for measuring
concentration of a particular component in a sample
liquid (B), comprising a mount portion (64) and an
attachment (7) mounted to the mount portion (64),
the attachment (7) comprising a test instrument (X)
according to any one of claims 1 to 8.

The concentration measuring apparatus according
to claim 12, wherein the liquid introduction selector
includes a discharge port (39’) for discharging air
from an inside of the capillary (5); and

wherein the selector further includes an open/close
member (69’) for opening or closing the discharge
port (39°).

Patentanspriiche

1.

2.

Testinstrument mit:

einer Kapillare (5) zum Bewegen bzw. Trans-
portieren einer Probenflissigkeit (B);

einem Flissigkeitssammelabschnitt (4), der mit
der Kapillare (5) zum Halten bzw. Aufnehmen
der in die Kapillare (5) einzufiihrenden Proben-
flussigkeit (B) in Verbindung steht;

einem Flussigkeitseinfihrungsauswahler (12,
39, 69’) zum Auswahlen, ob die Probenfllssig-
keit(B), diein dem Flussigkeitssammelabschnitt
(4) aufgenommen ist, in die Kapillare (5) einge-
fahrt wird;

einem Substrat (1, 1’); und

einer Abdeckung (3, 3’) zum Definieren der Ka-
pillare (5) zusammen mit dem Substrat (1, 1’);
wobei der Flissigkeitssammelabschnitt (4) ei-
nen Einfiihrungsport bzw. eine Einfihrungsoéff-
nung (11) aufweist, der bzw. die mit der Kapillare
(5) zum Einfihren der Probenflissigkeit (B) in
Verbindung steht;

wobei die Einfiihrungséffnung (11) in dem Sub-
strat (1, 1’) oder der Abdeckung (3, 3’) ausge-
bildet ist; und

dadurch gekennzeichnet, dass der Flissig-
keitssammelabschnitt (4) das Substrat (1, 1°)
und die Abdeckung (3, 3’) in einer Dicke konti-
nuierlich durchdringt.

Testinstrument nach Anspruch 1, bei dem die Ein-
fuhrungsoffnung (11) sich weiter als ein Eingang der
Kapillare (5) 6ffnet.
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3.

Testinstrument nach Anspruch 1, ferner mit einer
Schicht in dichtem Kontakt (13d), welche neben der
Einfihrungsoffnung (11) bereit gestellt ist, und wel-
che stérker an Haut anhaftet, als das Substrat (1, 1’)
oder die Abdeckung (3, 3’).

Testinstrument nach Anspruch 1, bei dem der Flis-
sigkeitseinfihrungsauswahler eine Abgabetffnung
(12) zum Abgeben von Luft aus einem Inneren der
Kapillare (5) aufweist; und

wobei sowohl die Einfliihrungséffnung (11) als auch
die Abgabedffnung in dem Substrat (1) oder der Ab-
deckung (3) ausgebildet sind.

Testinstrument nach Anspruch 1, bei dem der Flis-
sigkeitssammelabschnitt (4) eine innere Kapazitat
aufweist, welche im Allgemeinen gleich einer oder
grofer als eine innere Kapazitat der Kapillare (6) ist.

Testinstrument nach Anspruch 1, ferner mit einem
Detektor (31, 32), um zu detektieren, ob eine ge-
wiinschte Menge Probenflissigkeit (B) an den Flis-
sigkeitssammelabschnitt (4) abgegeben wird.

Testinstrument nach Anspruch 6, bei dem der De-
tektor eine erste Detektionselektrode (31) und eine
zweite Detektionselektrode (32) aufweist, welche
wenigstens teilweise gegeniber einem Inneren des
Flissigkeitssammelabschnitts (4) exponiert sind,
und wobei bestimmt wird, ob eine gewiinschte Men-
ge Probenflissigkeit (B) an den Flissigkeitssam-
melabschnitt (4) abgegeben wird oder nicht, indem
detektiert wird, ob eine elektrische Leitung durch die
Probenflissigkeit (B) zwischen der ersten Detekti-
onselektrode (31) und der zweiten Detektionselek-
trode (32) vorliegt oder nicht.

Testinstrument nach Anspruch 7, ferner mit einem
Reagenzabschnitt (16), der in der Kapillare (5) be-
reitgestellt ist, um auf eine Abgabe der Probenflis-
sigkeit (B) an die Kapillare (5) hin gelést zu werden,
und mit einer ersten Messelektrode (14) und einer
zweiten Messelektrode (15) zum Anlegen einer
Spannung an ein Reaktionssystem, das durch den
Reagenzabschnitt (16) und die Probenfllssigkeit (B)
gebildet wird;

wobei die erste Detektionselektrode (31) elektrisch
mit der ersten Messelektrode (14) verbunden ist, wo-
bei die zweite Detektionselektrode (32) elektrisch mit
der zweiten Messelektrode (15) verbunden ist.

Anbringteil zum Anbringen an eine Konzentrations-
messvorrichtung zum Messen einer Konzentration
einer bestimmten Komponente in einer Probenflls-
sigkeit (B), wobei das Anbauteil (7) ein Testinstru-
ment (X) nach einem der Anspruiche 1 bis 8 aufweist.

10. Anbringteil nach Anspruch 9, ferner mit einer Lan-
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zette (74) mit einer Lanzettennadel (74a) zum Fih-
ren durch den Flissigkeitssammelabschnitt (5).

Anbringteil nach Anspruch 9, bei dem der Flissig-
keitseinfihrungsauswahler eine Abgabedffnung
(12, 39’) zum Abgeben von Luft aus einem Inneren
der Kapillare (5) aufweist, und bei dem durch Offnen
oder Schlieen der Abgabedffnung (12, 39’) ausge-
wahlt wird, ob die Probenflissigkeit (B), die in dem
Flissigkeitssammelabschnitt (4) aufgenommen ist,
in die Kapillare (5) eingefiihrt wird oder nicht.

Konzentrationsmessvorrichtung zum Messen einer
Konzentration einer bestimmten Komponente in ei-
ner Probenflissigkeit (B) mit einem Anbauabschnitt
(64) und einem Anbringteil (7), das an den Anbau-
abschnitt (64) angebracht ist, wobei das Anbringteil
(7) ein Testinstrument (X) nach einem der Anspri-
che 1 bis 8 aufweist.

Konzentrationsmessvorrichtung nach Anspruch 12,
bei der der Flussigkeitseinfiihrungsauswahler eine
Abgabedffnung (39’) zum Abgeben von Luft aus ei-
nem Inneren der Kapillare (5) aufweist; und

wobei der Auswahler ferner ein Auf-/Zu-Element
(69’) zum Offnen oder SchlieRen der Abgabedffnung
(39’) aufweist.

Revendications

1.

Instrument d’essai comprenant :

un capillaire (5) pour déplacer un liquide échan-
tillon (B) ;

une partie d’'accumulation de liquide (4) en com-
munication avec le capillaire (5) pour retenir le
liquide échantillon (B) a introduire dans le capil-
laire (5) ;

un sélecteur d’introduction de liquide (12, 39’,
69’) pour sélectionner si oui ou non le liquide
échantillon (B) retenu dans la partie d'accumu-
lation de liquide (4) estintroduit dans le capillaire
®);

un substrat (1, 1) ; et

un couvercle (3, 3’) pour définir le capillaire (5)
conjointement avec le substrat (1, 1°) ;

dans lequel la partie d’accumulation de liquide
(4) inclut un orifice d’introduction (11) en com-
munication avec le capillaire (5) pour introduire
le liquide échantillon (B) ;

dans lequel I'orifice d’introduction (11) est formé
dans le substrat (1, 1’) ou le couvercle (3, 3’) ; et
caractérisé en ce que la partie d’accumulation
de liquide (4) pénetre de maniére continue dans
le substrat (1, 1’) et le couvercle (3, 3’) dans le
sens de I'épaisseur.
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2,

Instrument d’essai selon la revendication 1, dans le-
quel l'orifice d’introduction (11) s’ouvre plus large
gu’une entrée du capillaire (5).

Instrument d’essai selon la revendication 1, compre-
nant en outre une couche de contact étroit (13d) qui
est disposée adjacente a I'orifice d’introduction (11)
et qui est plus adhérente a la peau que le substrat
(1, 1’) ou le couvercle (3, 3).

Instrument d’essai selon la revendication 1, dans le-
quel le sélecteur d’introduction de liquide inclut un
orifice d’évacuation (12) pour évacuer de I'air depuis
un intérieur du capillaire (5) ; et

dans lequel l'orifice d’introduction (11) et I'orifice
d’évacuation sont tous deux formés dans le substrat
(1) ou le couvercle (3).

Instrument d’essai selon la revendication 1, dans le-
quel la partie d’'accumulation de liquide (4) a une
capacité interne qui est généralement supérieure ou
égale a une capacité interne du capillaire (5).

Instrument d’essai selon la revendication 1, compre-
nant en outre un détecteur (31, 32) pour détecter si
oui ou non une quantité prévue de liquide échantillon
(B) est délivrée a la partie d’accumulation de liquide

4).

Instrument d’essai selon la revendication 6, dans le-
quel le détecteur inclut une premiere électrode de
détection (31) et une seconde électrode de détection
(32) qui sont exposées a un intérieur de la partie
d’accumulation de liquide (4) au moins partiellement,
et la détermination de si oui ou non une quantité
prévue de liquide échantillon (B) est délivrée a la
partie d’'accumulation de liquide (4) a lieu en détec-
tant si oui ou non une conduction électrique a travers
le liquide échantillon (B) est assurée entre la premié-
re électrode de détection (31) et la seconde électro-
de de détection (32).

Instrument d’essai selon la revendication 7, compre-
nantenoutre une partie de réactif (16) disposée dans
le capillaire (5) pour une dissolution lors du transfert
du liquide échantillon (B) vers le capillaire (5), et une
premiére électrode de mesure (14) et une seconde
électrode de mesure (15) pour appliquer une tension
aun systéme de réaction formé par la partie de réac-
tif (16) et le liquide échantillon (B) ;

dans lequel la premiére électrode de détection (31)
est reliée électriquement a la premiére électrode de
mesure (14), la seconde électrode de détection (32)
étant reliée électriquement a la seconde électrode
de mesure (15).

Accessoire pour un montage sur un appareil de me-
sure de concentration pour mesurer la concentration
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d’'un composant particulier dans un liquide échan-
tillon (B), 'accessoire (7) comprenant un instrument
d’essai (X) selon I'une quelconque des revendica-
tions 1 a 8.

Accessoire selon la revendication 9, comprenant en
outre une lancette (74) incluant une aiguille de pi-
quage (74a) pour un passage a travers la partie d’ac-
cumulation de liquide (4).

Accessoire selon la revendication 9, dans lequel le
sélecteur d’introduction de liquide inclut un orifice
d’évacuation (12, 39’) pour évacuer de l'air depuis
un intérieur du capillaire (5), et la sélection de si oui
ou non le liquide échantillon (B) retenu dans la partie
d’accumulation de liquide (4) est introduit dans le
capillaire (5) a lieu en ouvrant ou en fermant l'orifice
d’évacuation (12, 39’).

Appareil de mesure de concentration pour mesurer
la concentration d’un composant particulier dans un
liquide échantillon (B), comprenant une partie de
monture (64) et un accessoire (7) monté sur la partie
de monture (64), 'accessoire (7) comprenant un ins-
trument d’essai (X) selon I'une quelconque des re-
vendications 1 a 8.

Appareil de mesure de concentration selon la reven-
dication 12, dans lequel le sélecteur d’introduction
de liquide inclut un orifice d’évacuation (39’) pour
évacuer de l'air depuis un intérieur du capillaire (5) ;
et

dans lequel le sélecteur inclut en outre un élément
d’ouverture/fermeture (69’) pour ouvrir ou fermer
I'orifice d’évacuation (39’).
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