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(54) LIQUID COLLECTION DEVICE AND METHOD OF THE SAME

(57) A blood collecting apparatus 10 includes a
cleaning solution piping 44. The cleaning solution piping
44 feeds into a flow path a heparin solution which is a
liquid other than blood to be measured, in order to return
the blood present in the flow path to a catheter 14 dis-
posed upstream of a blood inlet of the flow path. Thus,
the blood having flowed into the flow path in an amount
more than is necessary for blood collection, which cor-
responds to a portion returned to the upstream catheter
14 of the blood to be measured present in the flow path,
can be used in a next blood collection. As a result, the
amount of collected blood can be reduced. The liquid to
be measured is separated apart by means of a gas, and
the flow path is cleaned in a way to leave no impurities
in the flow path, thereby preventing impurities from mix-
ing into the liquid to be measured.
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Description

[TECHNICAL FIELD]

[0001] This invention relates to a liquid collecting ap-
paratus for collecting a liquid to be measured, as sepa-
rated in a time series, and a method therefor.

[BACKGROUND ART]

[0002] The liquid collecting apparatus will be described
taking a blood collecting apparatus which collects blood
for example. The blood collecting apparatus is used for
quantitative analyses in nuclear medicine diagnosis (e.g.
PET (Positron Emission Tomography), SPECT (Single
Photon Emission CT) and so on), and is used especially
for measurement of a radioactive concentration in arterial
blood of small animals (e.g. mice, rats and so on). Con-
ventionally, the following modes (a) - (c) are employed
in the quantitative analysis of the above small animals:

(a) Manual blood collection

[0003] Blood delivering itself under blood pressure
from the other end of a catheter inserted into a mouse
artery is received in a suitable receptacle. Then, a fixed
volume of the blood in the receptacle is sucked up with
a volumetric pipette, and a radioactive concentration in
whole blood is measured by calculating (i.e. counting)
radiation in the sucked-up blood. Further, plasma is ob-
tained by centrifugal separation of the blood remaining
in the receptacle, which is similarly collected with a vol-
umetric pipette to measure a radioactive concentration
in plasma.

(b) Artery channel β-ray detector

[0004] A β+ ray detector is installed in an arterial blood
channel to measure a radioactive concentration in blood.
β+ rays are detected with a plastic scintillator or PIN di-
ode. In Nonpatent Document 1, for example, a diode has
a long and thin shape with a length of 30 [mm], and a
detectable area is increased by installing a tube contain-
ing blood along the direction of a long side, thereby to
secure detection efficiency.

(c) Microfluidic device mode

[0005] This is a mode which, as shown in Fig. 6, leads
arterial blood delivering itself under mouse blood pres-
sure onto a microchip (device) MC. The microchip MC
has, arranged thereon, one main flow path FM, selectable
branch flow paths FB, and side flow paths FN for feeding
a mixed liquid H of physiological saline and heparin so-
lution used for flow path cleaning or blood discharging,
and for draining used mixed liquid H of physiological sa-
line and heparin solution and blood B. A receptacle is
placed at the end of each branch flow path FB, and one

of the branch flow paths FB is selected by a gas pressure
of argon gas Gas supplied to the microchip MC or a mech-
anism of the microchip MC. With one of the branch flow
paths FB selected, blood B is poured in. The flow velocity
of blood B and mixed liquid H of physiological saline and
heparin solution is increased by placing the interior of
each branch path of the microchip MC at negative pres-
sure, and further by providing a peristaltic pump. Each
of the flow paths FM and FB is formed by grooving the
microchip MC in a predetermined size. It is the charac-
teristic of the microchip MC that a minute volume of blood
B is specified if a groove length or a groove area of the
poured-in blood B is known. With the blood B of a pre-
determined volume filling the flow paths, based on the
specified minute volume, the blood B is poured along
with the mixed liquid H of physiological saline and heparin
solution into a predetermined receptacle (not shown) by
feeding the mixed liquid H of physiological saline and
heparin solution under pressure. Subsequently, each of
the flow paths FM and FB is cleaned with the mixed liquid
H of physiological saline and heparin solution to be ready
for a next blood collection. The blood B in the receptacle
is washed out along with physiological saline into another
receptacle, and the radiation in the blood B is counted
with a well counter (see Nonpatent Documents 2 and 3,
for example).
[0006] In order to reduce the amount of collected liquid
and to secure the frequency of collection, there is a liquid
collecting method for collecting a liquid to be measured,
as separated in a time series, by inserting a gas or a
liquid other than the liquid to be measured, as separators,
at designated predetermined intervals into the liquid to
be measured (see Patent Documents 1 and 2, for exam-
ple). As a specific technique of obtaining plasma by cen-
trifugal separation of blood as noted hereinbefore, there
is a technique of separating blood into blood cell and
plasma (that is, plasma separation), for example, by cen-
trifugal separation in a U-shaped flow path (see Patent
Document 3, for example).

[Nonpatent Document 1]
L. Convert, G. M. Brassard, J. Cadorette, D.
Rouleau, E. Croteau, M. Archambault, R. Fontaine,
and R. Lecomte, "A microvolumetric β blood counter
for pharmacokinetic PET studies in small animals,"
IEEE Nuclear Sci, vol. 54, no. 1, 2007.
[Nonpatent Document 2]
H. -M. Wu, G. Sui, C. -C. Lee, M. L. Prins, W. Ladno,
H. -D. Lin, A. S. Yu, M. E. Phelps, and S. -C. Huang,
"In vivo quantitation of glucose metabolism in mice
using small-animal PET and a microfluidic device,"
J Nucl Med, vol. 48, pp. 837-845, 2007.
[Nonpatent Document 3]
H. -M. Wu, R. W. Silverman, N. G. Harris, and R. L.
Sutton, "Performing Longitudinal Measurements in
Rodents Using Small Animal PET Imaging", Conf
Rec IEEE NSS & MIC, M10-398, 2008.
[Patent Document 1]
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Unexamined Patent Publication S56-147013
[Patent Document 2]
Unexamined Patent Publication H1-307608
[Patent Document 3]
Unexamined Patent Publication No. 2004-109082

[DISCLOSURE OF THE INVENTION]

[PROBLEM TO BE SOLVED BY THE INVENTION]

[0007] However, the modes (a) - (c) above have prob-
lems of blood collection for a designated predetermined
time and an amount of collected blood. These problems
will be described in detail below.

(Problem 1) Problem of blood collection for a designated 
predetermined time and an amount of collected blood 
based on a continuous introduction of blood

[0008] The body weight of a mouse is assumed to be
30 [g]. Since roughly 7.5% of the body weight is blood,
the total blood amount assumed is 2250 [PL]. With a loss
up to about 10% of the whole blood, the influence on the
physiological condition of the mouse can be disregarded,
and thus a permissible maximum amount of collected
blood is 225 [PL]. The blood in the connecting part of the
mouse and the catheter corresponds to the starting point
of blood to be collected for the designated predetermined
time.
[0009] The mode (a) above is a mode in which blood
is once taken out in an amount corresponding at least to
the specified amount, and the specified amount is sucked
up therefrom. This results in a loss of a large amount of
blood. Blood collecting intervals are limited in terms of
procedure, and it is difficult to collect blood for the des-
ignated predetermined time. Therefore, the sampling
number (the number of blood samples) obtained within
the permissible maximum amount of collected blood is
small, and a quantitative analysis cannot be conducted
fully.
[0010]  The mode (b) above continues pouring blood
into the above-noted tube at a fixed flow rate (e.g. at least
8 [PL/min] with the condition that no occlusion takes place
due to blood clotting). Therefore, measurement time is
restricted in order to be less than the permissible maxi-
mum amount of collected blood, and a prolonged quan-
titative analysis cannot be conducted.
[0011] The mode (c) above leads arterial blood of the
mouse to the flow path inlet on the microchip through the
catheter. When an attempt is made by this mode to collect
blood for the designated predetermined time, the blood
filling the catheter at the time is blood before the desig-
nated predetermined time which must be discarded. This
results in a waste at every blood collecting occasion,
which is considered to increase the total amount of col-
lected blood with every blood collection.

(Problem 2) Problem of blood collecting frequency

[0012] The mode (c) above once fills the blood flow
paths with blood, and washes it out with the mixed liquid
of physiological saline and heparin solution. Since the
entire flow paths on the chip (device) are filled with blood
for every blood collection, the entire flow paths need to
be cleaned with the mixed liquid of physiological saline
and heparin solution before moving on to a next blood
collection as noted above. Therefore, blood or the
heparin solution needs to be filled into the flow paths
successively for every blood collection, which may con-
sume time, and this is unsuitable to high-frequency blood
collection.

(Problem 3) Problem of impurities mixing into blood

[0013] The mode (c) above washes out the collected
blood along with the mixed liquid of physiological saline
and heparin solution into a different receptacle. It is con-
sidered that, because of the mixed liquid of physiological
saline and heparin solution mixing into the blood as im-
purities, quantitativeness is not guaranteed.
[0014] This invention has been made having regard to
the state of the art noted above, and its object is to provide
a liquid collecting apparatus and a method therefor,
which can clean flow path interiors without impurities mix-
ing into blood, and can reduce the amount of collected
liquid.

[MEANS FOR SOLVING THE PROBLEM]

[0015] To fulfill the above object, this invention pro-
vides the following construction.
A liquid collecting apparatus of this invention is a liquid
collecting apparatus for collecting a liquid to be meas-
ured, as separated in a time series, comprising (a) a flow
path through which the liquid to be measured flows, (b)
an extracting device provided in an intermediate position
of the flow path to insert a gas or a liquid other than the
liquid to be measured, as separators, at designated pre-
determined intervals, thereby to take out the liquid to be
measured, as separated in the time series, and (c) a liquid
feeding device for feeding the liquid other than the liquid
to be measured into the flow path in order to return the
liquid to be measured present in the flow path to a portion
upstream of a liquid inlet of the flow path.
[0016] The liquid collecting apparatus of this invention
includes (a) a flow path and (b) an extracting device. The
extracting device is provided in an intermediate position
of the flow path to insert a gas or a liquid other than the
above liquid to be measured, as separators, at designat-
ed predetermined intervals, thereby to take out the liquid
to be measured, as separated in a time series. And (c)
a liquid feeding device is provided. The liquid feeding
device feeds a liquid other than the liquid to be measured
into the flow path in order to return the liquid to be meas-
ured present in the flow path to a portion upstream of a
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liquid inlet of the flow path. Thus, the liquid to be meas-
ured having flowed into the flow path in an amount more
than is necessary for liquid collection, which corresponds
to an amount returned upstream of the liquid to be meas-
ured present in the flow path, can be used in a next liquid
collection. As a result, the amount of collected liquid can
be reduced.
[0017] The above liquid collecting apparatus of this in-
vention, preferably, includes (d) a gas feeding device.
Specifically, the above gas feeding device feeds a gas
into the flow path in order to remove the liquid to be meas-
ured or a different liquid remaining in the flow path. In the
case of a gas, as distinct from a liquid, the gas itself hardly
causes contamination by remaining in the flow path, and
can easily remove the liquid remaining in the flow path.
[0018] Where the above gas feeding device is provided
and when the above separators are the gas, the extract-
ing device and the gas feeding device may be combined
into one. That is, the extracting device uses the separa-
tors as the gas for separating into the time series and
taking out the liquid to be measured. The gas feeding
device feeds the gas into the flow path using the same
gas and removes the liquid to be measured or the differ-
ent liquid remaining in the flow path. Therefore, by com-
bining the extracting device and the gas feeding device
for use, the structures of the apparatus can be reduced
by one to realize the simple apparatus.
[0019] In these liquid collecting apparatus of this in-
vention noted above, it is preferred that the flow path is
formed by grooving planar substrates in a predetermined
size. That is, with the grooving in the predetermined size,
if a groove length or groove area of the liquid fed into the
flow path is known, the amount of the liquid fed into the
flow path can be specified based on the cross-sectional
area of the groove or the depth of the groove which is
grooved in the predetermined size.
[0020] One example of the grooved flow path noted
above is formed of a flow path into which the liquid to be
measured is fed, and a single or a plurality of flow paths
for feeding the liquid other than the liquid to be measured,
or the gas. By separately providing the flow path into
which the liquid to be measured is fed and the flow paths
for feeding the other liquid and the gas in this way, control
for the liquid collection and other control (e.g. control of
the liquid feeding device and gas feeding device noted
above) can be carried out separately, which facilitates
the control.
[0021] These liquid collecting apparatus of this inven-
tion noted above, preferably, includes (e) an optical
measuring device. Specifically, the above optical meas-
uring device measures length information on the liquid
while optically monitoring the liquid to be measured or
other liquid flowing through the flow path.
[0022] A volume of the liquid to be measured which is
to be taken out by the above extracting device is control-
led by controlling intervals of the separators based on a
result of measurement by the optical measuring device.
In this way, the flow rate of the liquid, and thus the volume

of the liquid, can be controlled by the intervals of the
separators, and the amount of collected liquid can be
minimized. The volume of the liquid to be fed by the liquid
feeding device can also be controlled based on the result
of measurement by the optical measuring device, thereby
to minimize the feed amount of the liquid.
[0023] In these liquid collecting apparatus of this in-
vention noted above, one example of the liquid to be
measured is blood. In this case, the liquid collecting ap-
paratus is an apparatus for collecting blood (blood col-
lecting apparatus). The liquid to be measured is not lim-
ited to blood, but may be a liquid including a fluorescent
agent or a mixed liquid for use in an analyzing apparatus.
[0024] A liquid collecting method of this invention is a
liquid collecting method for collecting a liquid to be meas-
ured, as separated in a time series, by inserting a gas or
a liquid other than the liquid to be measured, as separa-
tors at designated predetermined intervals in the liquid
to be measured, wherein the liquid other than the liquid
to be measured is fed into the flow path in order to return
the liquid to be measured present in the flow path to a
portion upstream of a liquid inlet of the flow path.
[0025] According to the liquid collecting method of this
invention, a liquid other than the liquid to be measured
is fed into the flow path in order to return the liquid to be
measured present in the flow path to a portion upstream
of a liquid inlet of the flow path. Thus, the liquid to be
measured having flowed into the flow path in an amount
more than is necessary for liquid collection, which corre-
sponds to an amount returned upstream of the liquid to
be measured present in the flow path, can be used in a
next liquid collection. As a result, the amount of collected
liquid can be reduced.
[0026] In the above liquid collecting method of this in-
vention, it is preferred that, when feeding the liquid other
than the liquid to be measured into the flow path, the flow
path extending from the liquid inlet to a liquid outlet is
filled with the other liquid. By filling up in this way, the
liquid to be measured can be prevented from being fed
into the flow path at a time other than collection of the
liquid to be measured.
[0027] Further, when collecting the liquid to be meas-
ured, what is fed into the flow path is the liquid to be
measured after the other, filling liquid is removed. With
this feeding mode, continuous feeding to the flow path
of the liquid to be measured is stopped, to reduce con-
sumption of the liquid accompanying collection for the
designated predetermined time, further to enable collec-
tion of the liquid to be measured for the designated pre-
determined time.
[0028] Further, it is preferred that, when filling the flow
path extending from the liquid inlet to the liquid outlet with
the liquid other than the liquid to be measured, also the
portion upstream of the liquid inlet is filled with the other
liquid. By filling also the upstream portion (which is a cath-
eter when blood is collected from a mouse using the cath-
eter), the filling liquid can move the liquid to be measured
in the flow path back to a location of collecting the liquid
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(which the connecting part of the mouse and catheter
when collecting blood of the mouse using the catheter).
Thus, the liquid to be measured having flowed into the
flow path in an amount more than is necessary for liquid
collection can be used to a maximum extent in a next
liquid collection. As a result, the amount of collected liquid
can be further reduced.
[0029] In these liquid collecting methods of this inven-
tion described above, it is preferred that a gas is fed into
the flow path in order to remove the liquid to be measured
or other liquid remaining in the flow path. In the case of
a gas, as distinct from a liquid, the gas itself hardly causes
contamination by remaining in the flow path, and can
easily remove the liquid remaining in the flow path.
[0030] In these liquid collecting methods of this inven-
tion described above, it is preferred that, when the liquid
other than the liquid to be measured remains in or fills
the portion upstream of the liquid inlet, the other liquid
remaining in or filling the upstream portion is fed into the
flow path while collecting the liquid to be measured with
the upstream portion, and the liquid inlet is closed when
a boundary between the liquid to be measured and the
other liquid is fed as far as the liquid inlet. When the liquid
other than the liquid to be measured remains in or fills
the portion (which is a catheter when blood is collected
from a mouse using the catheter) upstream of the liquid
inlet, the other liquid remaining in or filling the upstream
portion is fed into the flow path while collecting the liquid
to be measured with the upstream portion, and the liquid
inlet is closed when a boundary between the liquid to be
measured and the other liquid is fed as far as the liquid
inlet. This allows cleaning of the other liquid in the up-
stream portion for a next liquid collection to be carried
out simultaneously with feeding of the liquid to be meas-
ured to the liquid inlet.
[0031] In the liquid collecting apparatus and the meth-
od therefor of this invention, it is preferable to carry out
the following operation for the purpose of cleaning the
inside of the flow path. That is, the flow path is filled with
the liquid other than the liquid to be measured, and the
flow path is cleaned by feeding gas into the flow path. In
this way, the liquid other than the liquid to be measured
for the predetermined time which remains in the flow path
is discharged. Thus, by feeding the gas into the flow path,
the liquid (residue) other than the liquid to be measured
for the predetermined time which remains in the flow path
is discharged promptly.
[0032] According to the liquid collecting apparatus and
the method therefor of this invention noted above, the
gas is fed to discharge the liquid (residue) in the flow path
other than the liquid to be measured for the predeter-
mined time. This enables a shift to be made promptly to
a next liquid collection, without leaving in the flow path
the liquid other than the liquid to be measured for the
designated predetermined time.
[0033] In the liquid collecting apparatus and the meth-
od therefor of this invention, by feeding gas into the flow
path to remove the remaining liquid, the liquid to be meas-

ured for the predetermined time is prevented from mixing
with the other liquid. Thus, impurities (liquids other than
the liquid to be measured for the predetermined time) are
prevented from mixing into the liquid to be measured.
[0034] In these liquid collecting methods of this inven-
tion noted above, one example of the liquid to be meas-
ured is blood. In this case, the liquid collecting method
is a method for collecting blood (blood collecting method).
As noted in connection with the blood collecting appara-
tus, the liquid to be measured is not limited to blood, but
may be a liquid including a fluorescent agent or a mixed
liquid for use in an analyzing apparatus.

[EFFECTS OF THE INVENTION]

[0035] According to the liquid collecting apparatus and
the method therefor of this invention, a liquid other than
a liquid to be measured is fed into a flow path in order to
return the liquid to be measured present in the flow path
to a portion upstream of a liquid inlet of the flow path.
Thus, the liquid to be measured having flowed into the
flow path in an amount more than is necessary for liquid
collection, which corresponds to an amount returned up-
stream of the liquid to be measured present in the flow
path, can be used in a next liquid collection. As a result,
the amount of collected liquid can be reduced.

[BRIEF DESCRIPTION OF THE DRAWINGS]

[0036]

Figs. 1(a) and (b) are outline perspective views of a
blood collecting apparatus and its peripheral equip-
ment according to an embodiment;
Fig. 2 is an outline plan view of a liquid dividing device
of the blood collecting apparatus according to the
embodiment;
Fig. 3 is a flow chart showing a sequence of blood
collecting process according to the embodiment;
Fig. 4 is a schematic plan view of different liquids
and gas showing a sequence of catheter cleaning
during the blood collecting process according to the
embodiment;
Fig. 5 is a schematic plan view of the different liquids
and gas showing a sequence of cleaning flow paths
in the liquid dividing device during the blood collect-
ing process according to the embodiment;
Fig. 6 is a plan view showing an entire microchip
construction at the time of a conventional microfluidic
device mode.

[Description of References]

[0037]

10 ... blood collecting apparatus
13 ... main flow path
21 ... light source
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22 ... photodiodes
41, 42, 43 ... side paths
44 ... cleaning solution piping
46 ... bubble piping

[EMBODIMENT]

[0038] An embodiment of this invention will be de-
scribed hereinafter with reference to the drawings. Fig.
1 is an outline perspective view of a blood collecting ap-
paratus and its peripheral equipment according to the
embodiment. Fig. 2 is an outline plan view of a liquid
dividing device of the blood collecting apparatus accord-
ing to the embodiment. This embodiment will be de-
scribed, taking blood as an example of liquid to be meas-
ured, and taking a blood collecting apparatus as an ex-
ample of liquid collecting apparatus. Valves are omitted
from Fig. 1.
[0039] As shown in Fig. 1, a blood collecting apparatus
10 according to this embodiment collects blood to be
measured, as separated in a time series. Around the
blood collecting apparatus 10 is a measuring apparatus
30 for measuring radiation (e.g. β-rays, γ-rays or the like)
included in the blood collected by the blood collecting
apparatus 10. In this embodiment, blood is collected after
introducing a radioactive drug into the body of a mouse,
and radiation included in the blood is measured. Further,
a plasma separation is carried out, and each of the radi-
ations included in the plasma and blood cell resulting
from the plasma separation is measured. The blood col-
lecting apparatus 10 corresponds to the liquid collecting
apparatus in this invention.
[0040] The blood collecting apparatus 10 includes a
liquid dividing device 40 having two PDMS substrates 11
and 12 formed of PDMS resin (Polydimethylsiloxane),
one superposed on the other. The PDMS substrates 11
and 12 are grooved in a predetermined size, and grooves
resulting from the grooving form a main flow path 13 and
side paths 41, 42 and 43, respectively. The main flow
path 13 and side paths 41, 42 and 43 correspond to the
flow paths in this invention. Here, the material for the
blood collecting apparatus 10 is not limited to PDMS, but
may be any resin-optically transparent material such as
acrylic, polycarbonate, COP (cycloolefin polymer) or the
like.
[0041] A catheter 14 is disposed at a blood inlet of the
main flow path 13, and the main flow path 13 and catheter
14 are connected through a connector 15. Blood is con-
tinuously fed from the catheter 14 into the main flow path
13, and its inflow volume is controlled by a valve 51 (see
Fig. 2). Blood piping 16 is disposed at a blood outlet of
the main flow path 13, and the main flow path 13 and
blood piping 16 are connected through a connector 17.
Outflow volume to a disk (also called "CD well") 24 de-
scribed hereinafter is controlled by a valve 54 (see Fig. 2).
[0042] A light source 21 and photodiodes 22 are op-
posed to each other across the main flow path 13. Light
is emitted from the light source 21 to the blood or a

heparin solution, described hereinafter, flowing through
the main flow path 13, and the photodiodes 22 detect
light-shielding by the blood, thereby to measure length
information on the blood or heparin solution described
hereinafter while optically monitoring the blood or heparin
solution. The light source 21 and photodiodes 22 corre-
spond to the optical measuring device in this invention.
[0043] On the other hand, a dispenser 23 is connected
downstream of the above blood piping 16. The disk 24
is disposed for receiving and storing the blood dripping
from this dispenser 23. The disk 24 has a plurality of
openings 25 arranged centrally and radially thereof for
receiving the dripping blood. The disk 24 is grooved, as
are the above PDMS substrates 11 and 12, and a plurality
of U-shaped grooves 26 are formed radially by the groov-
ing. Each U-shaped groove 26 is connected in a one-to-
one relationship to one outer end of the above opening
25, and each U-shaped groove 26 is formed to extend
radially of the disk 24. With the dispenser 23 interposed
in this way, the disk 24 is formed capable of circulating
blood with respect to the main flow path 13.
[0044] On the other hand, the measuring apparatus 30
has a reading unit 31. This reading unit 31 has a cover
for inserting an exposed imaging plate IP, and detects
β+ rays included in the blood by reading excited light from
the imaging plate IP. Specifically, as shown in Fig. 1(b),
the reading unit 31 has a laser light source 32 and a
photomultiplier tube 33. β+ rays are simultaneously de-
tected in two dimensions by emitting laser from the laser
light source 32 to the imaging plate IP, with the photom-
ultiplier tube 33 converting to and multiplying electrons,
the light excited by the laser emission to the imaging plate
IP.
[0045] As noted above, and as shown in Fig. 2, the
liquid dividing device 40 has the main flow path 13 for
feeding blood, the side path 41 for feeding the heparin
solution which is a type of anticoagulant for preventing
an occurrence of blood coagulation, the side path 42 for
feeding air or gas, and the side path 43 for discharging
the blood or heparin solution.
[0046] Cleaning solution piping 44 is disposed at a so-
lution inlet of the side path 41, and the side path 41 and
cleaning solution piping 44 are connected through a con-
nector 45. The flow paths are cleaned as necessary by
pouring the heparin solution from the cleaning solution
piping 44 through the side path 41 into the main flow path
13. Inflow volume of the heparin solution is controlled by
a valve 52. The anticoagulant is not limited to the heparin
solution. The cleaning solution piping 44 corresponds to
the solution feeding device in this invention.
[0047] Bubble piping 46 is disposed at a gas inlet of
the side path 42, and the side path 42 and bubble piping
46 are connected through a connector 47. Air or gas con-
trolled by a pressure generator (not shown) is fed through
the side path 42 into the main flow path 13, with its feed
time adjusted with a valve 53. With these bubbles, blood
is extracted based on length information on the blood,
and waste liquids (blood, heparin solution or mixture of
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these) remaining in the flow paths of the liquid dividing
device 40 are discharged. There is no limitation regarding
the gas to be fed, but may be any gas that does not react
with blood or heparin solution, which may be a rare gas
such as helium, neon or argon, or nitrogen gas, for ex-
ample. The bubble piping 46 corresponds to the extract-
ing device in this invention. The bubble piping 46 corre-
sponds also to the gas feeding device in this invention.
[0048] The bubble piping 46 feeds the gas (e.g. air)
into the main flow path 13 through the side path 42, in-
troducing the gas as bubbles at specified predetermined
intervals, thereby extracting the blood to be measured,
as separated in a time series. That is, the bubbles perform
a function as the separators in this invention. Although a
gas is used as the separators, instead of being limited to
the gas, a liquid other than the liquid to be measured may
be used as the separators as long as this liquid has little
or no chance of mixing with the liquid to be measured
(blood in this embodiment). Where the liquid to be meas-
ured is blood as in this embodiment, a liquid represented
by mineral oil, fluorine-based oil or the like, which does
not mix with blood, may be used as the separators. Where
a gas is used as the separators, the bubble piping 46 is
used both as the extracting device and as the gas feeding
device. Where a liquid is used as the separators, bubble
piping corresponding to the gas feeding device and sep-
arator piping corresponding to the extracting device are
provided separately.
[0049] Waste liquid piping 48 is disposed at a waste
liquid outlet of the side path 43, and the side path 43 and
waste liquid piping 48 are connected through a connector
49. An amount of discharge is adjusted with a valve 55,
to discharge, as waste liquids, part of blood other than
the blood to be collected, the heparin solution after flow
path cleaning, and a mixture of these.
[0050] The valve 51 is disposed downstream of the
connector 15 of the main flow path 13. A valve is disposed
upstream of the connector 17, light source 21 and pho-
todiodes 22 of the main flow path 13. The valve 54 is
disposed downstream of the connector 45 of the side
path 41. The valve 53 is disposed downstream of the
connector 47 of the side path 42. The valve 55 is disposed
upstream of the connector 49 of the side path 43.
[0051] Next, a sequence of blood collecting process
will be described with reference to Figs. 3 through 5. Fig.
3 is a flow chart showing a sequence of blood collecting
process according to the embodiment. Fig. 4 is a sche-
matic plan view of different liquids and gas showing a
sequence of catheter cleaning during the blood collecting
process according to the embodiment. Fig. 5 is a sche-
matic plan view of the different liquids and gas showing
a sequence of cleaning the flow paths in the liquid dividing
device during the blood collecting process according to
the embodiment. In Figs. 4 and 5, illustration of the con-
nectors, light source and photodiodes is omitted, and the
valve (for waste liquids) 55 provided for the side path 43
is shown outside the liquid dividing device 40 in order to
facilitate understanding of the states of the waste liquid.

In Figs. 4 and 5, the blood to be measured is shown as
painted black, and the heparin solution (or a mixed liquid
of heparin solution and blood) as hatched with crossed
diagonal lines.

(Step S1) Catheter cleaning

[0052] Step S1 shown in Fig. 3 is an operation for re-
moving the heparin solution filled into the catheter 14
(see Figs. 1 and 2) to be ready for blood collection. It is
unnecessary to execute step S1 if the heparin solution
is not filled into the catheter 14. This step S1 is applicable
also when the heparin solution remains in the catheter 14.
[0053] First, in the liquid dividing device 40 in a standby
state (see Fig. 4(a)), the valves 51 and 54 are opened
for the heparin solution to flow from the catheter 14 (see
Figs. 1 and 2) into the main flow path 13 (see Fig. 4(b)).
The flow is optically monitored by the light source 21 and
photodiodes 22 (see Figs. 1 and 2).
[0054] Specifically, when the heparin solution is not
flowing through the main flow path 13, the light emitted
from the light source 21 (see Figs. 1 and 2) falls on the
photodiodes 22 (see Figs. 1 and 2) opposed to the light
source 21 across the main flow path 13. Then, a detector
signal having undergone a photoelectric conversion by
the photodiodes 22 is outputted at High level from the
photodiodes 22. Conversely, when the heparin solution
is flowing through the main flow path 13, the light emitted
from the light source 21 is blocked and shielded by the
heparin solution. Since the light does not fall on the pho-
todiodes 22, the detector signal is outputted at Low level
from the photodiodes 22. With the photodiodes 22 de-
tecting the light-shielding by the heparin solution, length
information on the heparin solution is measured while
optically monitoring the heparin solution.
[0055] The catheter 14 (see Figs. 1 and 2) has already
been inserted into a mouse artery. By inserting the cath-
eter 14 into the mouse artery, and directing arterial blood
delivering itself under mouse blood pressure to the main
flow path 13 through the catheter 14, the heparin solution
filling the catheter 14 is fed into the main flow path 13,
while collecting blood with the catheter 14 which is a por-
tion upstream of the blood inlet. The photodiodes 22 (see
Figs. 1 and 2) detect a boundary between the heparin
solution and the blood from the mouse (indicated
"mouse" in Figs. 4 and 5) which follows the heparin so-
lution having filled the catheter 14 and finished flowing,
and then the valve 51 is closed (see Fig. 4(c)). By closing
this valve 51, the blood inlet will be closed when the
boundary between the blood and heparin solution is fed
as far as the blood inlet.
[0056] Then the valves 53 and 54 are opened to feed
air (indicated "air" in Figs. 4 and 5) or gas controlled to
pressure P1 by the pressure generator (not shown) from
the side path 42 into the main flow path 13, which dis-
charges (indicated "drain" in Figs. 4 and 5) the heparin
solution present in the flow paths of the liquid dividing
device 40 from the blood outlet of the main flow path 13
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(see Fig. 4(c)). At this time, since this operation is irrel-
evant to the collection of blood, the blood piping 16 and
dispenser 23 (see Figs. 1 and 2 for both) may be detached
by means of the connector 17 (see Figs. 1 and 2) at the
blood outlet, to prevent the heparin solution from being
fed to the disk 24 (see Figs. 1 and 2) (indicated "CD well"
in Figs. 4 and 5).
[0057] The boundary between the blood and heparin
solution is indefinite. The light source 21 and photodiodes
22 (see Figs. 1 and 2) are located downstream of the
blood inlet. Since a time lag occurs after the boundary
flows into the blood inlet to be detected by the photodi-
odes 22 until the valve 51 is closed, the blood also flows
into the main flow path 13 simultaneously with the heparin
solution. Therefore, when air or gas is fed from the side
path 42 into the main flow path 13 to discharge the
heparin solution in the flow paths of the liquid dividing
device 40 from the blood outlet of the main flow path 13,
besides the heparin solution, a mixed liquid of heparin
solution and blood and part of the blood are also dis-
charged as waste liquids. The optical measuring device
consisting of the light source and photodiodes may be
disposed adjacent the blood inlet or valve 51 to reduce
the time lag after the boundary flows into the blood inlet
until the valve 51 is closed. Assuming that time T1 is taken
for the waste liquids present from the junction of the air-
or gas-feeding side path 42 and the main flow path 13 to
the blood outlet to finish discharging through the blood
outlet, the time T1 is also taken after the valves 53 and
54 are opened until the valve 54 is closed. Therefore, air
or gas will be fed from the side path 42 into the main flow
path 13 for the time T1 after the valves 53 and 54 are
opened until the valve 54 is closed.
[0058] Since the boundary between the blood and
heparin solution is indefinite, the above operation will dis-
charge also the mixed liquid of heparin solution and blood
and part of the blood as waste liquids. However, the blood
adjacent the boundary between blood and heparin solu-
tion is a mixed liquid including impurities, and its dis-
charge poses no problem.
[0059] Next, the valve 54 is closed and the valve 55 is
opened to discharge a remaining part of the heparin so-
lution (including the mixed liquid and so on) through the
side path 43 and waste liquid piping 48 by means of bub-
bles (of air or gas) fed in under pressure P2 from the side
path 42 (see Fig. 4(d)). Assuming that time T2 is taken
for the waste liquids present from the junction of the air-
or gas-feeding side path 42 and the main flow path 13 to
the branching point of the draining side path 43 and the
main flow path 13 to finish discharging through the waste
liquid piping 48, the time T2 is also taken after the valve
55 is opened until the valves 53 and 55 are closed. There-
fore, air or gas will be fed from the side path 42 into the
main flow path 13 and waste liquid piping 48 for the time
T2 after the valve 55 is opened until the valves 53 and
55 are closed. The closing of the valves 53 and 55 com-
pletes the preparation for blood collection (see Fig. 4 (e)).
[0060] In step S1, the boundary between the blood and

heparin solution fed into the main flow path 13 through
the catheter 14 is optically monitored and detected at an
early stage of operation. This enables blood to be col-
lected for a designated predetermined time. That is, the
blood stopped by the valve 51 shown in Fig. 4 (e) serves
as a starting point of the blood for the designated prede-
termined time.

(Step S2) Feeding blood to main flow path

[0061] With the catheter 14 (see Figs. 1 and 2) inserted
into the mouse artery, arterial blood delivering itself under
mouse blood pressure is fed to the main flow path 13
through the catheter 14 for the designated time. The flow
of blood is controlled by opening and closing the valve
51. The control is based on the length information on the
blood provided by the light source 21 and photodiodes
22 (see Figs. 1 and 2) optically monitoring the blood.

(Step S3) Separator interval control

[0062] As described also in the optical measurement
relating to the heparin solution, when blood is not flowing
through the main flow path 13, the light emitted from the
light source 21 (see Figs. 1 and 2) falls on the photodiodes
22 (see Figs. 1 and 2) opposed to the light source 21
across the main flow path 13. When blood is flowing
through the main flow path 13, the light emitted from the
light source 21 is blocked and shielded by the blood. With
the photodiodes 22 detecting the light-shielding by the
blood in this way, length information on the blood is meas-
ured while optically monitoring the blood. The valve 53
is controlled based on the result of measurement by the
photodiodes 22. By controlling the valve 53, intervals of
the air or gas fed from the side path 42 into the main flow
path 13, i.e. intervals of the separators, are controlled.
That is, the longer the valve 53 is opened, the longer will
become the intervals of the separators, and the greater
will become the gas pressure applied at one time. The
shorter the valve 53 is opened, the shorter will become
the intervals of the separators, and the smaller will be-
come the gas pressure applied at one time. By controlling
the intervals of the separators (i.e. bubbles in this em-
bodiment) in this way, the force for pushing the blood in
the flow paths is adjusted. Since the main flow path 13
is formed by grooving in a predetermined size, a volume
of the blood to be taken out can be derived from the length
information on the blood obtained from the optical mon-
itoring.

(Step S4) Transfer to disk

[0063] Very small amounts of blood taken out in step
S3 are fed into the dispenser 23 (see Figs. 1 and 2)
through the blood piping 16 (see Figs. 1 and 2). The feed
timing and feed amounts of the very small amounts of
blood are controlled by opening and closing of the valves
53 and 54 and by the pressure generator (not shown)
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which feeds the bubbles (of air or gas). The dispenser
23 drips each very small amount of the taken-out blood
to an opening 25 (see Fig. 1) of the disk (CD well) 24
(see Figs. 1 and 2). By this dripping, the very small
amounts of the taken-out blood are transferred to the disk
24. The openings 25 and grooves 26 (see Fig. 2) are
formed in the disk 24, and are used, in a number at least
corresponding to the number of times of blood collection
(i.e. the number of collected blood samples).

(Step S5) Cleaning flow paths in liquid dividing device

[0064] Step S5 shown in Fig. 3 is an operation for
cleaning the flow paths in the liquid dividing device 40 in
order to prevent blood coagulation within the liquid divid-
ing device 40 and catheter 14 (see Figs. 1 and 2), and
to prevent the blood at the time of collection from remain-
ing at times other than the designated predetermined
time.
[0065] First, the valve 51 is closed to stop the blood
being fed from the catheter 14 (see Fig. 1 and 2) into the
main flow path 13. Then, the valves 52 and 55 are opened
for the heparin solution (indicated "heparin" in Figs. 4 and
5) to be fed through the cleaning solution piping 44 and
side path 41 into the main flow path 13. The heparin so-
lution fed into the main flow path 13 flows along with the
blood remaining in the liquid dividing device 40 to the
waste liquid piping 48 through the side path 43 with the
valve 55 opened (see Fig. 5(a)).
[0066] Next, the valve 55 is closed and the valve 54 is
opened for the heparin solution fed into the main flow
path 13 through side path 61 to flow toward the blood
outlet of the main flow path 13 leading to the disk 24 (see
Figs. 1 and 2). This completes filling of the flow paths of
the liquid dividing device 40 with the heparin solution (see
Fig. 5(b)). Assuming that the heparin solution is fed in an
amount HP at this time, the amount HP is calculated from
the flow path volume of the liquid dividing device 60.
[0067] Subsequently, the valve 54 is closed and the
valve 51 is opened for the heparin solution fed into the
main flow path 13 through the side path 61 to flow also
to the catheter 14 (see Fig. 1 and 2) to fill it up with the
heparin solution (see Fig. 5(c)). That is, when filling the
heparin solution into the main flow path 13 extending
from the blood inlet to the blood outlet, the heparin solu-
tion will fill also the catheter 14 which is upstream of the
blood inlet. Assuming that the heparin solution is fed in
an amount HC at this time, the amount HC is calculated
from the volume of the catheter 14. By filling the heparin
solution into this catheter 14, the blood present as far as
the blood inlet is moved back to a blood collecting location
(connecting part of the mouse and catheter 14). At this
time, not only the returned blood but a quantity of the
heparin solution may enter the body of the mouse, but
this poses no problem.
[0068] After filling the catheter 14 (see Figs. 1 and 2)
and flow paths with the heparin solution, the valves 51
and 52 are closed and the valves 53 and 54 are opened

to feed air or gas controlled by the pressure generator
(not shown) to pressure P1 from the side path 42 into the
main flow path 13, and discharge part of the heparin so-
lution present in the flow paths of the liquid dividing device
40 from the blood outlet of the main flow path 13 (see
Fig. 5(d)). As described also in step S1 the blood piping
16 and dispenser 23 (see Figs. 1 and 2 for both) are
detached by means of the connector 17 (see Figs. 1 and
2) to prevent the heparin solution from being fed to the
disk 24 (see Figs. 1 and 2).
[0069] When the blood at the time of blood collection
also remains and the heparin solution in the flow paths
of the liquid dividing device 40 is discharged from the
blood outlet of the main flow path 13, the mixed liquid of
heparin solution and blood and also part of the blood, as
well as the heparin solution, are discharged as waste
liquids. In the case of pressure P1 as in Fig. 4(c) for step
S1, the same time T1 is taken for the waste liquids present
from the junction of the air- or gas-feeding side path 42
and the main flow path 13 to the blood outlet to finish
discharging through the blood outlet. Therefore, air or
gas will be fed from the side path 42 into the main flow
path 13 for the time T1 after the valves 53 and 54 are
opened until the valve 54 is closed.
[0070] Next, the valve 54 is closed and the valve 55 is
opened to discharge a remaining part of the heparin so-
lution (including the mixed liquid and so on) through the
side path 43 and waste liquid piping 48 by means of the
bubbles (of air or gas) flowing in under pressure P2 from
the side path 42 (see Fig. 5(e)). In the case of pressure
P2 as in Fig. 4(d) for step S1, the same time T2 is taken
for the waste liquids present from the junction of the air-
or gas-feeding side path 42 and the main flow path 13 to
the branching point of the draining side path 43 and the
main flow path 13 to finish discharging through the waste
liquid piping 48. Therefore, air or gas will be fed from the
side path 42 into the main flow path 13 and waste liquid
piping 48 for the time T2 after the valve 55 is opened until
the valves 53 and 55 are closed. The above operation
leaves the flow paths of the liquid dividing device 40 in
an empty state, and with the valves 53 and 55 closed, all
the valves are closed to stand by until a next blood col-
lection (see Fig. 5 (f)). Blood may be collected succes-
sively without executing step S5 where blood collecting
intervals are very short, since there is no fear of blood
coagulation in the flow paths, and short-time blood col-
lecting operations can be accommodated.

(Step S6) Any more blood?

[0071] When there is blood to be collected or when a
next blood collection is carried out successively, the cath-
eter 14 (see Figs. 1 and 2) is filled with the heparin so-
lution in Fig. 5(f), which is the same state as in Fig. 4(a),
the operation returns to step S1 to be ready for blood
collection, and the same process in steps S1-S6 is re-
peated. When there is no blood to be collected and a
next blood collection is not carried out, the blood collect-
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ing sequence is ended.
[0072] After the blood collected in the blood collecting
sequence is transferred to the disk 24 (see Figs. 1 and
2), the disk 24 is rotated to carry out plasma separation
for dividing into plasma and blood cell. As noted herein-
before, the openings 25 (see Fig. 1) are open at one outer
end thereof to be connected in a one-to-one relationship
to the grooves 26 (see Fig. 1), thereby to carry out sep-
aration of the blood smoothly at the time of plasma sep-
aration. The grooves 26, because they are U-shaped,
prevent blood cell at the time of plasma separation from
escaping out of the disk 24 under centrifugal force, and
cause blood cell to precipitate, after the plasma separa-
tion, at the bottom of the U-shape.
[0073] Each disk 24 (see Figs. 1 and 2) with the plasma
and blood cell having undergone the plasma separation
is stored as a sample in an opened cassette not shown,
the imaging plate IP (see Fig. 1) is stored thereon, and
the cassette is closed. The disk 24 is taken out of the
cassette after a fixed time, and the imaging plate IP is
irradiated with light for exposure. Through this exposure,
electrons are captured by lattice defects of a fluorescent
substance (not shown) of the imaging plate IP due to the
ionizing power of β+ rays included in the blood. The ex-
posed imaging plate IP is taken out of the cassette, and
is inserted in the cover of the reading unit 31 (see Fig. 1)
of the measuring apparatus 30 (see Fig. 1).
[0074] Laser is emitted from the laser light source 32
(see Fig. 1) of the reading unit 31 (see Fig. 1) to the
imaging plate IP (see Fig. 1). By this irradiation, the cap-
tured electrons are excited to be conductors to recombine
with holes, and are excited as light from the fluorescent
substance. The photomultiplier tube 33 (see Fig. 1) con-
verts into electrons and multiplies the light excited by the
laser irradiation of this imaging plate IP, thereby simul-
taneously detecting in two dimensions and counting as
electrical pulses. After the emission from the laser light
source 32 to the imaging plate IP, the captured electrons
are eliminated for reuse by emitting light from a light
source for elimination (not shown) to the imaging plate
IP. Based on count information on β+ ays obtained by
the imaging plate IP and reading unit 31, a radioactive
concentration in the blood which is count information on
β+ rays is determined.
[0075] The blood collecting apparatus 10 and the blood
collecting method therefor according to this embodiment
include (a) a flow path (main flow path 13 in this embod-
iment), and (b) an extracting device (bubble piping 46 in
this embodiment). The extracting device (bubble piping
46) is provided in an intermediate position of the flow
path (main flow path 13) to insert a gas (air or gas in this
embodiment) or a liquid (mineral oil, fluorine-based oil or
the like when the liquid to be measured is blood) other
than the above liquid to be measured (blood), as sepa-
rators, at designated predetermined intervals, thereby to
take out the liquid to be measured (blood in this embod-
iment), as separated in a time series. And (c) a liquid
feeding device (cleaning solution piping 44 in this em-

bodiment) is provided. The liquid feeding device (clean-
ing solution piping 44), as shown in Fig. 5(c), feeds a
liquid (heparin solution when the liquid to be measured
is blood) other than the liquid to be measured (blood) into
the flow path in order to return the liquid to be measured
(blood) present in the flow path to a portion (catheter 14
in this embodiment) upstream of a liquid inlet (blood inlet
in this embodiment) of the flow path. Thus, the liquid to
be measured (blood) having flowed into the flow path in
an amount more than is necessary for liquid collection
(blood collection in this embodiment), which corresponds
to an amount returned upstream (to the catheter 14 in
this embodiment) of the liquid to be measured (blood)
present in the flow path, can be used in a next liquid
collection (blood collection). As a result, the amount of
collected liquid (amount of collected blood) can be re-
duced.
[0076] In this embodiment, the blood collecting appa-
ratus 10, preferably, includes (d) a gas feeding device
(bubble piping 46 in this embodiment). Specifically, the
above gas feeding device (bubble piping 46), as shown
in Figs. 4(c), 4(d), 5(d) and 5(e), feeds a gas (air, gas or
the like in this embodiment) into the flow path in order to
remove the liquid to be measured (blood in this embod-
iment) or a different liquid (heparin solution or a mixed
liquid of heparin solution and blood in this embodiment)
remaining in the flow path. In the case of a gas, as distinct
from a liquid, the gas itself hardly causes contamination
by remaining in the flow path, and can easily remove the
liquid (blood, heparin solution or a mixed liquid thereof)
remaining in the flow path.
[0077] In this embodiment, where the above gas feed-
ing device is provided and when the above separators
are the gas, the bubble piping 46 serves as both the ex-
tracting device and the gas feeding device. That is, in
step S3, the extracting device (bubble piping 46) uses
the separators as the gas (air or gas in this embodiment)
for separating into the time series and taking out the liquid
to be measured (blood in this embodiment). The gas
feeding device (bubble piping 46) feeds the gas into the
flow path using the same gas (air or gas) and, as shown
in Figs. 4(c), 4(d), 5(d) and 5(e), removes the liquid to be
measured (blood) or the different liquid (heparin solution
or a mixed liquid of heparin solution and blood in this
embodiment) remaining in the flow path. Therefore, by
using the bubble piping 46 as both the extracting device
and the gas feeding device, the structures of the appa-
ratus can be reduced by one to realize the simple appa-
ratus.
[0078] In this embodiment, the flow paths (main flow
path 13 and side paths 41, 42, and 43 in this embodiment)
are formed by grooving planar substrates (PDMS sub-
strates 11 and 12 in this embodiment) in a predetermined
size. That is, with the grooving in the predetermined size,
if a groove length or groove area of the liquid (blood,
heparin solution or a mixed liquid thereof in this embod-
iment) fed into the flow paths (main flow path 13 and side
paths 41, 42 and 43) is known, the amount of the liquid
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(blood, heparin solution or a mixed liquid thereof in this
embodiment) fed into the flow paths (main flow path 13
and side paths 41, 42 and 43) can be specified based on
the cross-sectional area of the grooves or the depth of
the grooves which are grooved in the predetermined size.
[0079] In this embodiment, the flow paths formed by
grooving are the flow path (main flow path 13 in this em-
bodiment) into which the liquid to be measured (blood in
this embodiment) is fed, and a single or a plurality of (two
in this embodiment) flow paths (side path 41 for feeding
the heparin solution and side path 42 for feeding air or
gas in this embodiment) for feeding the liquid (heparin
solution in this embodiment) other than the liquid to be
measured (blood), or a gas (air or gas in this embodi-
ment). By separately providing the flow path (main flow
path 13) into which the liquid to be measured (blood) is
fed and the flow paths (side paths 41 and 42) for feeding
the other liquid (heparin solution) and the gas (air or gas)
in this way, control for the liquid collection (blood collec-
tion in this embodiment) and other control (e.g. control
of cleaning solution piping 44 corresponding to the liquid
feeding device, and bubble piping 46 corresponding to
the gas feeding device) can be carried out separately,
which facilitates the control.
[0080] In this embodiment, the blood collecting appa-
ratus 10, preferably, includes (e) an optical measuring
device (light source 21 and photodiodes 22 in this em-
bodiment). Specifically, the above optical measuring de-
vice (light source 21 and photodiodes 22) measures
length information on the liquid (blood or heparin solution)
while optically monitoring the liquid to be measured
(blood in this embodiment) or other liquid (heparin solu-
tion in this embodiment) flowing through the flow path
(main flow path 13 in this embodiment).
[0081] The volume of the liquid to be measured (blood
in this embodiment) which is to be taken out by the above
extracting device (bubble piping 46 in this embodiment)
is controlled by controlling the intervals of the separators
based on a result of measurement by the optical meas-
uring device (light source 21 and photodiodes 22). In this
way, the flow rate of the liquid (blood), and thus the vol-
ume of the liquid (blood), can be controlled by the inter-
vals of the separators, and the amount of collected liquid
(the amount of collected blood) can be minimized. The
volume of the liquid (heparin solution) to be fed by the
liquid feeding device (cleaning solution piping 44 in this
embodiment) can also be controlled based on the result
of measurement by the optical measuring device (light
source 21 and photodiodes 22), thereby to minimize the
feed amount of the liquid (heparin solution).
[0082] This embodiment describes the liquid to be
measured, taking blood as an example. Therefore, the
liquid collecting apparatus is an apparatus for collecting
blood, i.e. the blood collecting apparatus 10. The liquid
collecting method is a method for collecting blood, i.e.
the blood collecting method.
[0083] In this embodiment, when feeding the liquid
(heparin solution in this embodiment) other than the liquid

to be measured (blood in this embodiment) into the flow
path, it is preferable, as shown in Fig. 5(b), to fill the flow
path (main flow path 13 in this embodiment) extending
from the liquid inlet (blood inlet in this embodiment) to
the liquid outlet (blood outlet in this embodiment) with the
above other liquid (heparin solution) (the feed amount of
heparin solution being HP). By filling up in this way, the
liquid to be measured (blood) can be prevented from be-
ing fed into the flow path at a time (i.e. filling time) other
than collection of the liquid to be measured (blood col-
lection in this embodiment).
[0084] Further, when the liquid to be measured (blood
in this embodiment) is collected (blood collection in this
embodiment), what is fed into the flow path is the liquid
to be measured (blood) after the other, filling liquid
(heparin solution in this embodiment) is removed. With
this feeding mode, continuous feeding to the flow path
of the liquid to be measured (blood) is stopped, to reduce
consumption of the liquid (blood) accompanying collec-
tion (blood collection) for the designated predetermined
time, further to enable collection of the liquid to be meas-
ured (blood collection) for the designated predetermined
time.
[0085] Further, when filling the flow path (main flow
path 13 in this embodiment) extending from the liquid
inlet (blood inlet in this embodiment) to the liquid outlet
(blood outlet in this embodiment) with the liquid (heparin
solution in this embodiment) other than the liquid to be
measured (blood in this embodiment), it is preferable, as
shown in Fig. 5(c), to fill also the portion (catheter 14 in
this embodiment) upstream of the liquid inlet (blood inlet
in this embodiment) with the above other liquid (heparin
solution) (the feed amount of heparin solution being HC).
By filling also the upstream portion (catheter 14), the fill-
ing liquid (heparin solution) can move the liquid to be
measured (blood) in the flow path back to a location of
collecting the liquid (blood) (which the connecting part of
the mouse and catheter 14 when collecting blood of the
mouse using the catheter 14). Thus, the liquid to be
measured (blood) having flowed into the flow path in an
amount more than is necessary for liquid collection (blood
collection in this embodiment) can be used to a maximum
extent in a next liquid collection (blood collection). As a
result, the amount of collected liquid (amount of collected
blood) can be further reduced.
[0086] In this embodiment, when the liquid (heparin
solution in this embodiment) other than the liquid to be
measured (blood in this embodiment) remains in or fills
the portion (catheter 14 in this embodiment) upstream of
the liquid inlet (blood inlet in this embodiment), it is pref-
erable that, in step S1, as shown in Fig. 4(c), the other
liquid (heparin solution) remaining in or filling the up-
stream portion (catheter 14) is fed into the flow path while
collecting (blood collection in this embodiment) the liquid
to be measured (blood) with the upstream portion (cath-
eter 14), and the liquid inlet (blood inlet) is closed when
a boundary between the liquid to be measured (blood)
and the other liquid (heparin solution) is fed as far as the
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liquid inlet (blood inlet). When the liquid (heparin solution)
other than the liquid to be measured (blood) remains in
or fills the portion (catheter 14) upstream of the liquid
inlet (blood inlet), the other liquid (heparin solution) re-
maining in or filling the upstream portion (catheter 14) is
fed into the flow path while collecting (blood collection)
the liquid to be measured (blood) with the upstream por-
tion (catheter 14), and the liquid inlet (blood inlet) is
closed when a boundary between the liquid to be meas-
ured (blood) and the other liquid (heparin solution) is fed
as far as the liquid inlet (blood inlet). This allows cleaning
of the other liquid (heparin solution) in the upstream por-
tion for a next liquid collection (blood collection) to be
carried out simultaneously with feeding of the liquid to be
measured (blood) to the liquid inlet (blood inlet).
[0087] In this embodiment, it is preferable to carry out
the operation described hereinbefore for the purpose of
cleaning the inside of the flow path. That is, the flow path
is filled with the liquid (heparin solution in this embodi-
ment) other than the liquid to be measured (blood in this
embodiment), and the flow path is cleaned by feeding
gas (air or gas) into the flow path. In this way, the liquid
(heparin solution or the mixed liquid of heparin solution
and blood in this embodiment) other than the liquid to be
measured for the predetermined time which remains in
the flow path is discharged. Thus, by feeding the gas (air
or gas) into the flow path, the liquid (residue: heparin
solution or the mixed liquid of heparin solution and blood
in this embodiment) other than the liquid to be measured
for the predetermined time which remains in the flow path
is discharged promptly.
[0088] According to the liquid collecting apparatus and
the method therefor in this embodiment, by feeding the
gas (air or gas) to discharge the liquid in the flow path
(residue: heparin solution or the mixed liquid of heparin
solution and blood in this embodiment) other than the
liquid to be measured for the predetermined time. This
enables a shift to be made promptly to a next liquid col-
lection (blood collection in this embodiment), without
leaving in the flow path the liquid (heparin solution or the
mixed liquid of heparin solution and blood) other than the
liquid to be measured for the designated predetermined
time.
[0089] In this embodiment, by feeding gas (air or gas
in this embodiment) into the flow path to remove the re-
maining liquid (heparin solution or the mixed liquid of
heparin solution and blood in this embodiment), the liquid
to be measured (blood in this embodiment) for the pre-
determined time is prevented from mixing with the other
liquid (heparin solution in this embodiment). Thus, impu-
rities (liquids other than the liquid to be measured for the
predetermined time) are prevented from mixing into the
liquid to be measured.
[0090] This invention is not limited to the foregoing em-
bodiment, but may be modified as follows:
[0091]

(1) In the foregoing embodiment, the liquid collecting

apparatus (blood collecting apparatus 10 in the em-
bodiment) and the method therefor have been de-
scribed taking blood as an example of the liquid to
be measured. The liquid to be measured is not limited
to blood, but may be a liquid including a fluorescent
agent or a mixed liquid for use in an analyzing ap-
paratus, for example.

[0092]

(2) In the foregoing embodiment, the liquid collecting
apparatus (blood collecting apparatus 10 in the em-
bodiment) includes (d) the gas feeding device (bub-
ble piping 46 in this embodiment). However, the gas
feeding device is not absolutely necessary where
there is no need to remove the liquid (blood, heparin
solution or the mixed liquid thereof) remaining in the
flow path, or where the liquid does not remain in the
flow path. Where the separators are gas, the bubble
piping 46 is used as both the extracting device and
the gas feeding device. However, bubble piping for
the extracting device and bubble piping for the gas
feeding device may be provided separately. Where
a liquid (e.g. mineral oil or fluorine-based oil) is used
as the separators, bubble piping for the gas feeding
device and separator piping for the extracting device
may be provided separately as noted above.

[0093]

(3) In the foregoing embodiment, the flow paths
formed by grooving are the flow path (main flow path
13 in the embodiment) into which the liquid to be
measured (blood in the embodiment) is fed, and a
single or a plurality of (two in the embodiment) flow
paths (side path 41 for feeding the heparin solution
and side path 42 for feeding air or gas in the embod-
iment) for feeding a liquid (heparin solution in the
embodiment) other than the liquid to be measured
(blood), or a gas (air or gas in the embodiment). How-
ever, the number of feeding flow paths is not limited
to two. The number of feeding flow paths is three or
more where the bubble piping 46 is not used as both
the extracting device and the gas feeding device as
noted above. Conversely, the number of feeding flow
paths may be single where the gas feeding device
is not provided as noted above.

[0094]

(4) In the foregoing embodiment, the liquid collecting
apparatus (blood collecting apparatus 10 in the em-
bodiment) includes (e) the optical measuring device
(light source 21 and photodiodes 22 in the embodi-
ment). However, it is not absolutely necessary to in-
clude the optical measuring device where the flow
velocity is always constant. Although the light source
21 and photodiodes 22 have been described as an
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example of the optical measuring device, the light
source 21 and photodiodes 22 are not limitative as
long as the device measures the intervals of the liquid
while optically monitoring the liquid to be measured.
For example, a CCD camera may be employed as
the optical measuring device, and volume informa-
tion on the liquid to be measured may be acquired
with the CCD camera. The light source 21 and pho-
todiodes 22 are opposed to each other across the
main flow path 13 as shown in Fig. 1, to constitute
what is called the "transmission type sensor" for mak-
ing detection based on light-shielding by the blood.
Instead, what is called the "reflection type sensor"
may be used to detect light reflected by the blood,
with a light detecting device represented by photo-
diodes arranged at the same side as the light source.

[0095]

(5) In the foregoing embodiment, the flow path (main
flow path 13 in the embodiment) extending from the
liquid inlet (blood inlet in the embodiment) to the liq-
uid outlet (blood outlet in the embodiment) is filled
with the other liquid (heparin solution) noted herein-
before, but the filling is not absolutely necessary.
With the valve 54 closed, the heparin solution may
be fed into the flow path without filling the portion
downstream of the valve 54, to return the blood to
the catheter 14 which is the upstream portion.

[0096]

(6) In the foregoing embodiment, when filling the flow
path (main flow path 13 in the embodiment) extend-
ing from the liquid inlet (blood inlet in the embodi-
ment) to the liquid outlet (blood outlet in the embod-
iment) with the liquid (heparin solution in the embod-
iment) other than the liquid to be measured (blood
in the embodiment), also the portion (catheter 14 in
the embodiment) upstream of the liquid inlet (blood
inlet) with the above other liquid (heparin solution),
but such filling is not absolutely necessary. Blood
may be returned to an intermediate position of the
catheter 14, instead of filling the entire catheter 14
with the blood.

Claims

1. A liquid collecting apparatus for collecting a liquid to
be measured, as separated in a time series, com-
prising (a) a flow path through which the liquid to be
measured flows, (b) an extracting device provided
in an intermediate position of the flow path to insert
a gas or a liquid other than the liquid to be measured,
as separators, at designated predetermined inter-
vals, thereby to take out the liquid to be measured,
as separated in the time series, and (c) a liquid feed-

ing device for feeding the liquid other than the liquid
to be measured into the flow path in order to return
the liquid to be measured present in the flow path to
a portion upstream of a liquid inlet of the flow path.

2. The liquid collecting apparatus according to claim 1,
comprising (d) a gas feeding device for feeding a
gas into the flow path in order to remove the liquid
to be measured or a different liquid remaining in the
flow path.

3. The liquid collecting apparatus according to claim 2,
wherein, when the separators are the gas, the ex-
tracting device and the gas feeding device are com-
bined into one.

4. The liquid collecting apparatus according to any one
of claims 1 to 3, wherein the flow path is formed by
grooving planar substrates in a predetermined size.

5. The liquid collecting apparatus according to claim 4,
wherein the flow path is formed of a flow path into
which the liquid to be measured is fed, and a single
or a plurality of flow paths for feeding the liquid other
than the liquid to be measured or the gas.

6. The liquid collecting apparatus according to any one
of claims 1 to 5, comprising (e) an optical measuring
device for measuring length information on the liquid
while optically monitoring the liquid to be measured
or other liquid flowing through the flow path.

7. The liquid collecting apparatus according to claim 6,
wherein a volume of the liquid to be measured which
is to be taken out by the extracting device is control-
led by controlling intervals of the separators based
on a result of measurement by the optical measuring
device.

8. The liquid collecting apparatus according to claim 6
or 7, wherein a volume of the liquid to be fed by the
liquid feeding device is controlled based on the result
of measurement by the optical measuring device.

9. The liquid collecting apparatus according to any one
of claims 1 to 8, wherein the liquid to be measured
is blood, and the liquid collecting apparatus is an
apparatus for collecting blood.

10. The liquid collecting apparatus according to any one
of claims 1 to 9, wherein the liquid other than the
liquid to be measured for a predetermined time and
remaining in the flow path is discharged by filling the
flow path with the liquid other than the liquid to be
measured, and feeding the gas into the flow path to
clean the flow path.

11. The liquid collecting apparatus according to claim

23 24 



EP 2 410 313 A1

14

5

10

15

20

25

30

35

40

45

50

55

10, wherein the liquid to be measured for the prede-
termined time is prevented from mixing with the other
liquid, by feeding the gas into the flow path to remove
the liquid remaining therein.

12. The liquid collecting apparatus according to any one
of claims 1 to 11, wherein the liquid to be measured
is blood, and the liquid collecting apparatus is an
apparatus for collecting blood.

13. The liquid collecting apparatus according to any one
of claims 1 to 11, wherein the liquid to be measured
is a liquid including a fluorescent agent, and the liquid
collecting apparatus is an apparatus for collecting
the liquid.

14. A liquid collecting method for collecting a liquid to be
measured, as separated in a time series, by inserting
a gas or a liquid other than the liquid to be measured,
as separators at designated predetermined intervals
in the liquid to be measured, wherein the liquid other
than the liquid to be measured is fed into a flow path
in order to return the liquid to be measured present
in the flow path to a portion upstream of a liquid inlet
of the flow path.

15. The liquid collecting method according to claim 14,
wherein, when feeding the liquid other than the liquid
to be measured into the flow path, the flow path ex-
tending from the liquid inlet to a liquid outlet is filled
with the other liquid.

16. The liquid collecting method according to claim 15,
wherein, when collecting the liquid to be measured,
what is fed into the flow path is the liquid to be meas-
ured after the other, filling liquid is removed.

17. The liquid collecting method according to claim 15
or 16, wherein, when filling the flow path extending
from the liquid inlet to the liquid outlet with the liquid
other than the liquid to be measured, also the portion
upstream of the liquid inlet is filled with the other liq-
uid.

18. The liquid collecting method according to any one of
claims 14 to 17, wherein a gas is fed into the flow
path in order to remove the liquid to be measured or
other liquid remaining in the flow path.

19. The liquid collecting method according to any one of
claims 14 to 18, wherein, when the liquid other than
the liquid to be measured remains in or fills the por-
tion upstream of the liquid inlet, the other liquid re-
maining in or filling the upstream portion is fed into
the flow path while collecting the liquid to be meas-
ured with the upstream portion, and the liquid inlet
is closed when a boundary between the liquid to be
measured and the other liquid is fed as far as the

liquid inlet.

20. The liquid collecting method according to any one of
claims 14 to 19, wherein the flow path is filled with
the liquid other than the liquid to be measured, and
the flow path is cleaned by feeding gas into the flow
path, thereby discharging the liquid other than the
liquid to be measured for the predetermined time
which remains in the flow path.

21. The liquid collecting method according to claim 20,
wherein, by feeding the gas into the flow path to dis-
charge the liquid remaining therein, the liquid to be
measured for the predetermined time is prevented
from mixing with the other liquid.

22. The liquid collecting method according to any one of
claims 14 to 21, wherein the liquid to be measured
is blood, and the liquid collecting method is a method
for collecting blood.

23. The liquid collecting method according to any one of
claims 14 to 21, wherein the liquid to be measured
is a liquid including a fluorescent agent, and the liquid
collecting method is a method for collecting the liq-
uid.
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