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DESCRIPTION

BLOOD COMPONENT SEPARATOR

TECHNICAL FIELD

[0001] The present invention relates to a blood component separator for use in centrifugal
separation of blood into blood components.

BACKGROUND ART

[0002] Inthese years, ablood component transfusion of transfusing only necessary components
in blood instead of whole blood transfusion, blood plasma collection for producing blood plasma
products, and the like are being carried out.  For this purpose, blood component separation of
centrifugally separating blood into components such as erythrocyte, leukocyte, platelet, and the
like utilizing the difference in specific gravity and extracting necessary components is performed
in blood programs.

[0003] Patent Literature 1 describes adevice for usein centrifugal separation of blood. The
device includes a blood storage vessel for storing blood. The storage vessel includes afirst
storage part, a second storage part, and a third storage part provided between the first storage
part and the second storage part.  The third storage part communicates with the first storage part
and the second storage part. A first blocking member movable in the first storage part is
provided in thefirst storage part, and a second blocking member movable in the second storage
part is provided in the second storage part.

[0004] When blood isinjected into the storage vessel and centrifugal separation is performed,
blood is separated into an erythrocyte component to be stored in the first storage part, a blood
plasma component to be stored in the second storage part, and a leukocyte component to be
stored in the third storage part.  Thereafter, the first blocking member is moved to close an
opening on the first storage part side of the third storage part, and the second blocking member is
moved to close an opening on the second storage part side of the third storage part.  In this state,
the leukocyte component in the third storage part is recovered through a hollow rod that holds
thefirst blocking member.

[0005] With the device of Patent Literature 1, blood is centrifugally separated into three
components such as an erythrocyte component, a blood plasma component, and aleukocyte
component to be stored in three storage parts, respectively, and then communication between
adjacent storage partsis blocked with the first and second blocking members. Therefore, a
leukocyte component can be recovered without being mixed with other components.
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Patent Literature

[0006] Patent Literature 1. WO 2015/025912

SUMMARY OF INVENTION

Technical Problem

[0007] Inthedeviceof Patent Literature 1, asyringe is connected to arod that holds the first
blocking member in the state where openings at both ends of the third storage part are closed
with the first blocking member and the second blocking member, and the leukocyte component
in the third storage part is sucked into the syringe.  This method has a problem in that cells
contained in the leukocyte component remain attached to the inner peripheral surface of the third
storage part and the leukocyte component cannot be sufficiently recovered.

[0008] Patent Literature 1 describes a method of recovering the leukocyte component
remaining in the third storage part by washing with physiological saline.  Specifically, after
sucking the leukocyte component from the third storage part into a syringe, instead of this
syringe, a syringe that stores physiological saline is connected to therod. Then, the
physiological saline in the syringe is injected into the third storage part, the third storage part is
washed with physiological saline, and then the physiological salineis sucked into the syringe.
[0009] This method, however, requires steps of injecting physiological salineinto the third
storage part and then sucking the physiological saline. Furthermore, for recovering the
leukocyte component from the physiological saline that has been sucked into the syringe, the
method further requires a step such as centrifugal separation or thelike. Thus, thereisa
problem in that it takes alot of time and effort for improving the recovery rate of the leukocyte
component.

[0010] The present invention isintended to solve the above-described problems and to provide
ablood component separator that allows a leukocyte component to be recovered efficiently.
Solution to Problem

[0011] A blood component separator of the present invention isfor usein centrifugal separation
of blood. The device includes ablood storage vessel that includes afirst storage part and a
second storage part; a slider movable from the first storage part to the second storage part; and a
flow path for communicating an inside and an outside of the storage vessel. When the dlider is
in the first storage part, the first storage part and the second storage part are in communication
with each other. When the slider isinserted into the second storage part, aliquid-tight seal is
formed between the slider and an inner peripheral surface of the second storage part and the
communication between the first storage part and the second storage part is blocked by the dlider.
The dlider is movable in the second storage part while maintaining the liquid-tight seal between
the dlider and the inner peripheral surface of the second storage part. The deviceis configured
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so that, as the dlider enters into the second storage part, a blood component in the second storage
part is pushed out of the storage vessel through the flow path.

Advantageous Effects of Invention

[0012] According to the present invention, blood can be centrifugally separated in the state
wherethe dider isin thefirst storage part. Then, when the dlider isinserted into the second
storage part, aleukocyte component of the second storage part can be pushed out of the storage
vessdl through the flow path. The slider scrapes the leukocyte component attached to the inner
peripheral surface of the second storage part while moving in the second storage part. This
improves the recovery rate of the leukocyte component.

[0013] For improving the recovery rate of the leukocyte component, steps of washing with
physiological saline and centrifugally separating the physiological saline used in washing are
required in the case of using a conventional device. These steps, however, are not necessary in
the case of using the device of the present invention. Therefore, the present invention allows a
leukocyte component to be recovered efficiently.

BRIEF DESCRIPTION OF DRAWINGS

[0014] [FIG. 1] FIG. 1isaperspective view of ablood component separator according to the
first embodiment of the present invention.

[FIG. 2] FIG. 2 isacross sectional perspective view of the device according to the first
embodiment of the present invention.

[FIG. 3] FIG. 3 isan exploded perspective view of the device according to the first
embodiment of the present invention.

[FIG. 4A and 4B] FIG. 4A is a perspective view showing aslider and arod in the first
embodiment of the present invention. FIG. 4B isacross sectional perspective view of FIG. 4A.

[FIG. 5A and 5B] FIG. 5A is a perspective view showing atop cap in the first
embodiment of the present invention. FIG. 5B is across sectional perspective view of FIG. 5A.

[FIG. 6] FIG. 6 is aperspective view showing alocking member in the first embodiment
of the present invention.

[FIG. 7] FIG. 7isaplan view of the device according to the first embodiment of the
present invention in the state where a locking mechanism for slider isin the locked state.

[FIG. 8] FIG. 8 isaplan view of the device according to the first embodiment of the
present invention in the state where a locking mechanism for slider isin the unlocked state.

[FIG. 9] FIG. 9isacross sectional view of adevice according to afirst embodiment of
the present invention in the state where a dlider isfitted into an opening on the first storage part
side of acylinder part.

[FIG. 10] FIG. 10 isacross sectional view of the device according to the first
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embodiment of the present invention in the state where recovery of aleukocyte component has
been compl eted.

[FIG. 11] FIG. 11 is a perspective view showing a blood component recovery device
according to one embodiment of the present invention.

[FIG. 12] FIG. 12 is a perspective view of ablood component separator according to the
second embodiment of the present invention.

[FIG. 13] FIG. 13 isacross sectional perspective view of the device according to the
second embodiment of the present invention.

[FIG. 14] FIG. 14 is an exploded perspective view of the device according to the second
embodiment of the present invention.

[FIG. 15A and 15B] FIG. 15A is a perspective view showing aslider and afirst rod in
the second embodiment of the present invention. FIG. 15B is across sectional view of FIG.
15A.

[FIG. 16A and 16B] FIG. 16A is a perspective view showing a blocking member and a
second rod in the second embodiment of the present invention. FIG. 16B is a cross sectional
view of FIG. 16A.

[FIG. 17A and 17B] FIG. 17A is a perspective view showing atop cap in the second
embodiment of the present invention. FIG. 17B isacross sectiona perspective view of FIG.
17A.

[FIG. 18] FIG. 18 is a perspective view showing afirst locking member in the second
embodiment of the present invention.

[FIG. 19] FIG. 19 is a perspective view showing a second locking member in the second
embodiment of the present invention.

[FIG. 20] FIG. 20 isaplan view of the device according to the second embodiment of
the present invention in the initial state.

[FIG. 21A and 21B] FIG. 21A isacross sectional view showing a device according to
the second embodiment of the present invention in the state where communication between a
dlider and an auxiliary storage part is blocked with ablocking member. FIG. 21B isa
perspective view of the device shown in FIG. 21A.

[FIG. 22] FIG. 22 isacross sectional view of the device according to the second
embodiment of the present invention in the state where afirst locking member is withdrawn.

[FIG. 23] FIG. 23 isacross sectional view of the device according to the second
embodiment of the present invention in the state where communication between afirst storage
part and a cylinder part is blocked with a blocking member.

[FIG. 24] FIG. 24 isacross sectional view of the device according to the second
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embodiment of the present invention after completion of recovery of aleukocyte component.
DESCRIPTION OF EMBODIMENTS

[0015] The device according to one embodiment of the present invention may further include a
first rod holding the slider and led out of the storage vessel.  In this case, the flow path may be
provided in thefirst rod. Holding the slider by thefirst rod is advantageous for facilitating the
movement of the dlider in the storage vessel.  Providing the flow path in thefirst rod is
advantageous for simplifying the structure of the device because a separate member for forming
the flow path is unnecessary. Providing the flow path on the slider side is advantageous for
recovering aleukocyte component of high purity and improving the recovery rate of the
leukocyte component.

[0016] The device according to one embodiment of the present invention may further include a
first locking mechanism that restricts movement of the slider in the first storage part toward the
second storage part.  Thisis advantageous in preventing a situation in which the slider moves
unintentionally to block the communication between the first storage part and the second storage
part.

[0017] The second storage part may include a cylinder part disposed adjacent to the first
storage part.  Inthis case, the liquid-tight seal part is preferably formed between the inner
peripheral surface of the cylinder part and the slider.

[0018] Theinner periphera surface of the cylinder part is preferably a cylindrical surface.

This is advantageous for forming aliquid-tight seal between the sider and the inner peripheral
surface of the cylinder part with asimple structure.

[0019] The second storage part may include an auxiliary storage part communicating with the
first storage part through the cylinder part. In this case, the auxiliary storage part may have a
larger inner diameter than the cylinder part. Because the auxiliary storage part in which an
erythrocyte component is stored after centrifugal separation has arelatively large inner diameter,
the height of the storage vessel and the device can be reduced.

[0020] The second storage part may include an auxiliary storage part communicating with the
first storage part through the cylinder part.  In this case, a blocking member that can block the
communication between the cylinder part and the auxiliary storage part may be provided in the
second storage part. This makesit possible to insert the slider into the cylinder part and to push
the leukocyte component in the cylinder part out of the storage vessel in the state where
communication between the cylinder part and the auxiliary storage part is blocked with a
blocking member. Blocking the communication between the cylinder part and the auxiliary
storage part with the blocking member prevents the leukocyte component in the cylinder part and
the erythrocyte component in the auxiliary storage part from being mixed. Thus, according to
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the above-described preferred structure, the recovery rate of the leukocyte component can stably
be improved.

[0021] The blocking member may be movablein the auxiliary storage part. In this case, when
the blocking member isin the auxiliary storage part, the cylinder part and the auxiliary storage
part are preferably in communication with each other.  When the auxiliary storage part isfitted
into an opening on the auxiliary storage part side of the cylinder part, the communication
between the cylinder part and the auxiliary storage part is preferably blocked by the blocking
member. Such a structure is advantageous for certainly switching the communication and
blocking between the cylinder part and the auxiliary storage part with arelatively smple
structure.

[0022] The device according to one embodiment of the present invention may include a second
rod holding the blocking member and led out of the storage vessel.  In this case, the flow path
may be provided in the second rod. Holding the blocking member by the second rod is
advantageous for facilitating the movement of the blocking member in the auxiliary storage part.
Providing the flow path in the second rod is advantageous for simplifying the structure of the
device because a separate member for forming the flow path is unnecessary.

[0023] The device according to one embodiment of the present invention may include a second
locking mechanism for maintaining a state where the blocking member blocks the
communication between the cylinder part and the auxiliary storage part. Thisis advantageous
in preventing a situation in which the cylinder part communicates with the auxiliary storage part
unintentionally.

[0024] The device according to one embodiment of the present invention may further include a
vent port for communicating the first storage part and the outside of the storage vessel.
According to such a preferred structure, as the slider entersinto the second storage part, the
outside air flows into the first storage part through the vent port.  Thisis advantageous for
facilitating the operation of pushing the blood component out of the storage vessel by moving the
slider in the second storage part.

[0025] The second storage part may be provided with a volume adjusting mechanism that can
adjust the volume of the storage vessel.  According to such a preferred structure, regardless of
the amount or the hematocrit value of the blood to be centrifugally separated, the position of a
leukocyte component layer after centrifugal separation can coincide with adesired region (for
example, cylinder part) in the second storage part.  Thisis advantageous for improving the
recovery rate of the leukocyte component.

[0026] The device according to one embodiment of the present invention may include a blood

component recovery device configured to recover the blood component pushed out of the storage



10

15

20

25

30

35

vessdl through the flow path. In this case, the recovery device may include afirst container, a
second container, and a switching mechanism configured to selectively communicate the flow
path with either the first container or the second container.  According to such a preferred
structure, the flow path can appropriately communicate with either the first container or the
second container depending on the blood component pushed out from the second storage part
through the flow path. Thisis advantageous for recovering a leukocyte component of high
purity in which ablood plasma component and an erythrocyte component are substantially not
mixed.
[0027] The present invention is described below in detail with reference to preferred
embodiments. However, needless to say, the present invention is not limited to the following
embodiments.  For convenience of explanation, each of the drawings referred to in the
following description is asimplified representation of the main components of the embodi ments
of the present invention.  Furthermore, within the scope of the present invention, each member
shown in the drawings described below can be changed or omitted.
[0028] 1. First embodiment

1.1. Structure of blood component separator

The structure of ablood component separator (hereinafter, smply referred to asa
"device") 1 according to the first embodiment of the present invention is described below.
[0029] FIG. 1lisaperspectiveview of thedevicel. FIG. 2isacross sectiona perspective
view taken along the vertical direction surface of thedevice 1. InFIG. 2, adashed-dotted line
laisthe central axis of thedevicel. For the convenience of the following description, the
direction parallel to the central axis laisreferred to as the "vertical direction” and the direction
parallel to the plane orthogonal to the central axis laisreferred to as the "horizontal direction”.
The direction along the straight line orthogonal to the center axis laisreferred to asthe "radial
direction”, and the direction rotating around the central axis lais referred to asthe
"circumferential direction”.
[0030] AsshowninFIG. 2, the device 1 includes ablood storage vessel (hereinafter, simply
referred to as a "storage vessel") 20 for storing blood. The device 1 isfor usein centrifugal
separation of blood stored in the storage vessel 20 into blood components.
[0031] The storage vessel 20 includes afirst storage part 21 and a second storage part 22. The
second storage part 22 includes a cylinder part 23 and an auxiliary storage part 24. From the
top to the bottom, the first storage part 21, the cylinder part 23, and the auxiliary storage part 24
are disposed in this order, and these components are in communication with each other. That is,
the cylinder part 23 isin communication with the first storage part 21 and the auxiliary storage
part 24, and the first storage part 21 and the auxiliary storage part 24 are in communication with
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each other through the cylinder part 23. In general, the device 1 is used in the state where the
auxiliary storage part 24 islocated at the lowermost position with the central axis 1a being the
vertical direction.  An opening 25 having a substantially cylindrical shape projects upward from
the center of the upper surface of the first storage part 21. The opening 25, the first storage part
21, the cylinder part 23, and the auxiliary storage part 24 are disposed coaxially with the central
axis la

[0032] Bloodisinjected into the storage vessel 20 through the opening 25. The device 1
storing blood in the storage vessel 20 is to be mounted to a centrifuge so that a centrifugal force
actsinthedirection of arrow Fin FIGs. 1and 2. During centrifugal separation, each blood
component can freely move from the first storage part 21 through the cylinder part 23 to the
auxiliary storage part 24 or viceversa.  After the centrifugal separation, an erythrocyte
component having arelatively high specific gravity is stored in the auxiliary storage part 24, a
blood plasma component having arelatively low specific gravity is stored in the first storage part
21, and a buffy coat (aleukocyte component layer) containing a leukocyte component and
platelet is stored in the cylinder part 23.  The volumes of the first storage part 21, cylinder part
23, and auxiliary storage part 24 are set such that each of the blood componentsis storedin a
predetermined part of the storage vessel 20 after the centrifugal separation.

[0033] Thefirst storage part 21 has a hollow substantially cylindrical shape.

[0034] Theauxiliary storage part 24 has a hollow substantially cylindrical shape as awhole.
The outer diameter and the inner diameter of the auxiliary storage part 24 are substantially the
same as the outer diameter and the inner diameter of the first storage part 21. It isto be noted
that a bellows structure 28 that can be expanded and/or compressed in the vertical direction is
provided on the cylindrical side wall of the auxiliary storage part 24. The bellows structure 28
isformed by periodically bending the side wall of the auxiliary storage part 24 in azigzag
manner. Expanding and compressing the bellows structure 28 in the vertical direction makes it
possible to increase or reduce the volume of the auxiliary storage part 24 and further the volume
of the storage vessel 20. That is, the bellows structure 28 functions as a "volume adjusting
mechanism" that can adjust the volume of the storage vessel 20.

[0035] The cylinder part 23 aso has a hollow substantially cylindrical shape. Theinner
peripheral surface of the cylinder part 23 isacylindrical surface having a constant inner diameter
in the direction of the central axisla. Thisis advantageous for forming aliquid-tight seal
between the slider 30 and the inner peripheral surface of the cylinder part 23 when the slider 30
moves downward in the cylinder part 23 as described below.  Furthermore, because such a
structure allows each blood component to be moved upward or downward through the cylinder
part 23 easily during the centrifugal separation, the separability of each blood component is
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improved, which is advantageous for improving the recovery rate of aleukocyte component.
[0036] Theinner diameter of the cylinder part 23 is smaller than the inner diameter of each of
thefirst storage part 21 and the auxiliary storage part 24. Because the proportion of the
leukocyte component in blood isrelatively small, by reducing the inner diameter of the cylinder
part 23, the thickness (vertical dimension) of a buffy coat after the centrifugal separation can be
maderelatively large. Thisis advantageous for recovering the leukocyte components
efficiently.

[0037] Theinner surface of alower sidewall (awall on the cylinder part 23 side) 21a of the
first storage part 21 is preferably formed into afunnel shape (i.e., a conical shape or atapered
shape) inclined so as to descend (so as to approach the cylinder part 23) as approaching the
central axisla. Thisisadvantageous for a blood component such as erythrocyte having a
relatively high specific gravity in the first storage part 21 to pass through the cylinder part 23 and
to move to the auxiliary storage part 24 during the centrifugal separation.

[0038] Similarly, the inner surface of an upper side wall (the wall on the cylinder part 23 side)
24a of the auxiliary storage part 24 is preferably formed into afunnel shape (i.e., a conical shape
or atapered shape) inclined so as to rise (so asto approach the cylinder part 23) as approaching
the central axisla. Thisis advantageous for a blood component such as blood plasma having a
relatively low specific gravity in the auxiliary storage part 24 to pass through the cylinder part 23
and to move to the first storage part 21 during the centrifugal separation.

[0039] The material of the storage vessel 20 preferably has a mechanical strength such that its
shape does not change (i.e., it has shape retainability) when blood is stored.  Furthermore, the
material preferably hasrelatively high rigidity so that the deformation of the storage vessel 20
can be kept small even with a centrifugal force acting on the blood in the centrifugal separation.
However, the bellows structure 28 preferably has enough flexibility to expand and compress.

In addition, the material of the storage vessel 20 preferably has transparency so that the blood in
the blood storage vessel 20 can be visually recognized from the outside.  From such a viewpoint,
although there is no limitation, resin materials such as low density polyethylene (LDPE),
polypropylene (PP), and ethylene-vinylacetate copolymer resin (EVA) can be used, for example.
[0040] The method of producing a storage vessel 20 isnot limited. In the present embodiment,
the whole of the storage vessel 20 including the bellows structure 28 isintegrally molded as a
single piece by ablow molding method or the like using aresin material. As compared to the
case where separately prepared parts are joined together, integrally molding the seamless storage
vessel 20 is advantageous for reducing the possibility that the blood pressurized by the
centrifugal force during the centrifugal separation leaks out of the storage vessel 20. Itisalso
advantageous for simplification of the production of the storage vessel 20 and reduction in cost.
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[0041] Asamatter of course, the storage vessel 20 can be produced by integrally connecting
separately prepared membersin aliquid-tight manner.  For forming aliquid-tight seal between
the inner periphera surface of the cylinder part 23 and the dlider 30 (details are described below),
it is desirable to improve the tolerance of the cylindrical surface that configures the inner
peripheral surface of the cylinder part 23.  From this point of view, it is preferable to form the
inner peripheral surface of the cylinder part 23 with high accuracy using adie by injection
molding or thelike. For achieving this, the whole of the cylinder part 23 may be formed by the
injection molding.  Alternatively, a cylindrical member that configures the inner peripheral
surface of the cylinder part 23 may be formed by the injection molding and the thus obtained
cylindrical member may be fitted into the storage vessel 20 separately prepared by the blow
molding method. In the injection molding, for improving molding accuracy, arelatively hard
material such as polycarbonate, polyethylene, polyester, polymethyl pentene, methacryl, an ABS
resin (acrylonitrile butadiene styrene copolymer), a PET resin (polyethylene terephthal ate), PVC
(polyvinyl chloride) or the likeis preferably used.

[0042] FIG. 3isan exploded perspective view of thedevicel. Ascan be understood from
FIGs. 1 to 3, asupport member 90 is attached to the outer peripheral surface of the storage vessel
20. The support member 90 has an inner peripheral surface substantially along the outer
peripheral surface of the storage vessel 20 and covers the storage vessel 20 from the upper end
thereof (acylindrical part surrounding the opening 25) to the bellows structure 28.  The support
member 90 includes two support halfs 91aand 91b (see FIG. 3). The support halfs 91aand 91b
are attached to the outer peripheral surface of the storage vessel 20 so as to sandwich the storage
vessel 20 therebetween.  Thereafter, alocking ring 98 is externally fitted into the support halfs
9laand 91b from above. Thus, the support half 91a and the support half 91b are integrated on
the storage vessel 20.  Thereafter, a bottom cap 80 is attached to the lower end of the support
member 90 and atop cap 60 is attached to the support member 90.

[0043] The support member 90 (support halfs 91a, 91b) includes a skirt part 92 at its lower end.
The skirt part 92 has a cylindrical shape and surrounds the bellows structure 28 of the storage
vessel 20. A male screw 93 isformed on the outer peripheral surface of the skirt part 92.

[0044] The bottom cap 80 has a bottomed cylindrical shape. A female screw 83 isformed on
the inner peripheral surface of the cylindrical part of the bottom cap 80. Thefemale screw 83 is
screwed with the male screw 93 of the support member 90.

[0045] Asthe bottom cap 80 is rotated with respect to the support member 90 and the male
screw 93 is screwed into the female screw 83, the bellows structure 28 of the storage vessel 20 is
compressed and deformed in the vertical direction between the support member 90 and the
bottom cap 80. When the bellows structure 28 is compressed and deformed, the volume of the
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auxiliary storage part 24 is decreased and the volume of the storage vessel 20 isdecreased. By
adjusting the screwing depth of the male screw 93 with respect to the female screw 83, the
compressive deformation amount of the bellows structure 28 can be adjusted, and eventually the
volume of the storage vessel 20 can be adjusted. The male screw 93 of the support member 90
and the femal e screw 83 of the bottom cap 80 configure a "bellows adjusting mechanism” that
adjusts the amount of expansion and compression of the bellows structure 28. A scale
indicating the rotational position of the bottom cap 80 or the engagement depth of the male
screw 93 and the female screw 83 may be provided on the bottom cap 80 or the support member
90.

[0046] The support member 90 and the bottom cap 80 prevent the storage vessel 20 (especially,
the bellows structure 28 and the cylinder part 23) from being deformed by the centrifugal force
acting on the blood in the blood storage vessel 20 during the centrifugal separation. Therefore,
the support member 90 and the bottom cap 80 each preferably have a sufficient mechanical
strength to be substantially regarded asarigid body. In addition, the support member 90 and
the bottom cap 80 preferably have transparency so that the blood in the storage vessel 20 can be
seen through the support member 90 and the bottom cap 80. From such a viewpoint, examples
of the material of the support member 90 and the bottom cap 80 include resin materials such as
polycarbonate, polypropylene, rigid polyvinyl chloride, polyoxymethylene, and polyether ether
ketone.

[0047] AsshowninFIG. 2, the device 1 includesthe slider 30 in thefirst storage part 21. The
dlider 30 isheld at the lower end of arod 40.

[0048] FIG. 4A isaperspective view of the lider 30 and the rod 40, and FIG. 4B isacross
sectional perspective view thereof. The slider 30 has a substantially disc shape (or athin
substantially cylindrical shape). An annular gasket 50 as a seal member is attached to the
cylindrical outer peripheral surface of the dlider 30. The slider 30 is provided with athrough
hole penetrating the slider 30 in the vertical direction at the center thereof.

[0049] Therod 40 is abar-like member having a hollow cylindrical shape. Thelower end of
the rod 40 is connected to the center of the upper surface of the slider 30. Asshown in FIG. 4B,
the lumen of the rod 40 communicates with the through hole of the slider 30 to form aflow path
40f. Theflow path 40f penetrates the slider 30 and the rod 40 in the vertical direction. On the
outer peripheral surface of the rod 40, a pair of locking grooves 40g extending in the horizontal
direction areformed. The locking groove 40g is not required to be divided in the
circumferential direction, and may be, for example, an annular groove continuous in the
circumferentia direction. An O ring 53 is attached to the outer peripheral surface of the rod 40.
The O ring 53 is positioned between the locking groove 40g and the slider 30.
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[0050] In the present embodiment, the slider 30 (excluding the gasket 50) and the rod 40 are
integrally produced as asingle piece asawhole. The present invention, however, is not limited
thereto, and the separately prepared slider 30 and the rod 40 may be combined.

[0051] FIG. 5A isaperspective view of atop cap 60, and FIG. 5B is a cross sectional
perspective view thereof. The top cap 60 includes acircular top plate 61, a cylindrical outer
peripheral wall 62 extending downward from the outer peripheral edge of the top plate 61, and a
guide tube 63 extending downward from the lower surface of the top plate 61.

[0052] A groove 65 extending straight is provided on the upper surface of the top plate 61.

The width of the groove 65 is not constant, and the groove 65 includes awide part 65a having a
relatively wide width and a narrow part 65b having arelatively narrow width. The wide part
65ais provided at the center of the top plate 61 and the narrow part 65b connects the wide part
65a and the outer peripheral edge of the top plate 61.

[0053] A guide hole 70 penetrates the top plate 61 and the guide tube 63 in the vertical
direction. The guide hole 70 is provided coaxially with the top plate 61 in the wide part 65a of
the groove 65. The edge of the opening of the guide hole 70 facing upward is slightly expanded,
which formsan annular dent. The O ring 54 is attached to the inside of the dent.

[0054] Two through holes 64a and 64b penetrating the top plate 61 in the vertical direction are
provided on the top plate 61. The through holes 64a and 64b are provided in the top plate 61 in
aregion where the groove 65 is not formed.

[0055] Thethrough hole 64ais used as an injection port for injecting blood into the storage
vessel 20.  After injecting blood into the storage vessel 20, the injection port 64ais sealed with
astopper (not shown) or the like.

[0056] Thethrough hole 64b isused asavent port. The vent filter 68 is provided in the
through hole 64b. The vent filter 68 is afilter having a property of allowing gas to pass but not
allowing liquid, bacteria, and the liketo pass. The vent port 64b allows gas communication
between the inside of the storage vessel 20 (particularly, first storage part 21) and the outside
world through the vent filter 68.

[0057] Ontheinner peripheral surface of the outer peripheral wall 62, afemale screw 69 is
provided to be engaged with amale screw 99 (see FIG. 3) provided on the support member 90
(support halfs 91a and 91b).

[0058] FIG. 6isaperspective view of alocking member 110. The locking member 110
includes a substantially rectangular thin plate-like operation part 111 and a substantially
"U"-shaped frame 112 provided on one side of the operation part 111. The frame 112 includes
adiameter-enlarged part 114 at the tip end and two parallel locking bars 113 parallel to each
other between the diameter-enlarged part 114 and the operation part 111. While the
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diameter-enlarged part 114 has a substantially circular shape in the present embodiment, the
shape of the diameter-enlarged part 114 is not limited thereto, and the diameter-enlarged part 114
may have any shape such as an elliptical shape, aregular hexagonal shape (see FIG. 19 described
below), aregular octagonal shape, or thelike. Theinner diameter of the diameter-enlarged part
114 (the diameter of the inscribed circle of the diameter-enlarged part 114) is substantially equal
to or dlightly larger than the outer diameter of the rod 40 (see FIG. 4A). The outside dimension
of the diameter-enlarged part 114 is larger than the outside dimension of the two locking bars 113.
The distance between the two locking bars 113 is smaller than the inner diameter of the
diameter-enlarged part 114 and smaller than the outer diameter of therod 40. As described
below, the two locking bars 113 are configured to be engageable with alocking groove 409
formed on the rod 40 (see FIGs. 4A and 4B).

[0059] Ascan be understood from FIGs. 2 and 3, the slider 30 held by the rod 40 and the top
cap 60 are, in summary, attached to the storage vessel 20 as described below.

[0060] The support member 90 is attached to the storage vessel 20. Therod 40 isinserted into
the guide hole70 of the top cap 60 from below. The slider 30 isinserted into the opening 25 of
the storage vessel 20, and the top cap 60 is screwed to the upper end of the support member 90.
The opening 25 is covered with the top plate 61. The rod 40 penetrates the top cap 60 and
projectsupward. Therod 40 isinserted into the diameter-enlarged part 114 of the locking
member 110. Then, the locking member 110 isfitted into the groove 65 formed on the upper
surface of thetop cap 60. More specificaly, the diameter-enlarged part 114 and the operation
part 111 of the locking member 110 are fitted into the wide part 65a and the narrow part 65b of
the groove 65, respectively. The position of the rod 40 in the vertical direction is adjusted so
that the locking groove 40g provided on the rod 40 is positioned at the same level as the locking
member 110. Then, the locking member 110 is moved in the groove 65, and the locking bar
113 of the locking member 110 is fitted into the locking groove 409 of the rod 40.

[0061] FIG. 7isaplan view of the device 1 assembled in thismanner. Therod 40 is
positioned between the locking bars 113 of the locking member 110. FIGs. 1 and 2 each show
the device 1 in the state where the locking member 110 isin the position of FIG. 7. Asshown
in FIG. 2, the locking bar 113 is engaged with the locking groove 40g of therod 40. This
prevents the rod 40 and the slider 30 held by the rod 40 from descending.  In this manner, the
locking member 110 and the locking groove 40g of the rod 40 to be engaged with the locking
member 110 configure a "locking mechanism for slider 30".  Switching between activation and
invalidation of the lock by the locking mechanism can be achieved by moving the locking
member 110 in the groove 65 in the horizontal direction. When the rod 40 is positioned
between the locking bars 113 and the locking bar 113 is engaged with the locking groove 40g as
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shown in FIG. 7, the locking mechanism isin the locked state. When the rod 40 is positioned
in the diameter-enlarged part 114, the locking mechanism isin the unlocked state. The
movement of the locking member 110 can be performed by pressing afinger against the
operation part 111.

[0062] When the locking mechanism isin the locked state, as shown in FIG. 2, the slider 30
held at the lower end of therod 40 isin the air in the first storage part 21 without being in
contact with the inner peripheral surface of thefirst storage part 21. The position of the slider
30 shownin FIG. 2 isreferred to as the "initial position” of the dlider 30.

[0063] Unlessthe engagement (locked state) between the locking member 110 (locking bar
113) and therod 40 is released, even if adownward forceis applied to the rod 40 or gravity or a
centrifugal force acts on the rod 40 and the slider 30, the slider 30 does not descend from the
initial position.  The locking mechanism is advantageous for stably holding the slider 30 in the
initial position.  Thus, the communication between the first storage part 21 and the second
storage part 22 (the cylinder part 23 and the auxiliary storage part 24) isensured. Thisis
advantageous for areliable flow of blood from the first storage part 21 to the second storage part
22 when blood isinjected from the opening 25 of the storage vessel 20.  In addition, such a
structure is advantageous for centrifugal separation of blood into a blood plasma component to
be stored in the first storage part 21, aleukocyte component to be stored in the cylinder part 23,
and an erythrocyte component to be stored in the auxiliary storage part 24.

[0064] The state wherethe slider 30 isin theinitial position and the locking member 110 and
the rod 40 are engaged (locked state) is referred to asthe "initial state” (FIGs. 1, 2, and 7).
[0065] O rings 53 and 54 liquid-tightly seal the gap between the outer periphera surface of the
rod 40 and the inner peripheral surface of the guide hole 70 of thetop cap 60. Furthermore, the
top cap 60 liquid-tightly seals the opening 25 at the upper end of the storage vessel 20.
Therefore, the space in the storage vessel 20 isliquid-tightly sealed except for the flow path 40f
provided in the slider 30 and the rod 40 and the through holes 64a and 64b of the top cap 60.
[0066] The material of the slider 30 is preferably a hard material that can be considered as a
substantially rigid body so that the gasket 50 can form aliquid-tight seal with the inner
peripheral surface of the cylinder part 23 (the details are described below).  Specificaly, asthe
material of the dlider 30, for example, aresin material such as polycarbonate (PC),
polypropylene (PP), an ABS (acrylonitrile butadiene styrene copolymer) resin, polyethylene (PE),
or an ethylene-vinyl acetate copolymer resin (EVA) can beused. Furthermore, for suppressing
erythrocyte from attaching to the slider 30, an inclined surface such as a conical surface may be
provided on the upper surface of the dlider 30, or coating may be applied to the upper surface of
the slider 30.
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[0067] Asthe gasket 50, a gasket similar to a gasket that can be attached to the tip end of a
plunger (pusher) of acommon syringe can beused. Asthe O rings53 and 54, a
genera -purpose O-ring that can form aliquid-tight seal can beused. The materias of the
gasket 50 and the O rings 53 and 54 are not particularly limited, and a materia having rubber
elasticity (also referred to as elastomer) such as rubber including natural rubber, isoprene rubber,
and silicone rubber or athermoplastic elastomer including styrene elastomer, olefin el astomer,
and polyurethane elastomer can be used.
[0068] In the present embodiment, the gasket 50 is attached to the slider 30 asa sealing
material. The present invention, however, is not limited thereto, and any sealing material that
can form aliquid-tight seal with the inner peripheral surface of the cylinder part 23 can be
attached to the dider 30. For example, any O ring similar to the O rings 53 and 54 may be
attached to the outer peripheral surface of the slider 30.
[0069] 1.2.Usage

The usage of the device 1 is described.
[0070] First, blood (bone marrow aspirate) to be subjected to centrifugal separation is collected.
The method of collecting the blood can be any method, and, for example, a certain amount (for
example, about 100 ml to 400 ml) of the bone marrow aspirate may be collected by puncturing a
syringe preliminarily moistened with heparin into the bone marrow at a dozen places.
[0071] Subsequently, the amount and the hematocrit value of the collected blood are measured.
On the basis of the amount and the hematocrit value of the blood, the amount of the erythrocyte
component and the amount of the blood plasma are cal cul ated.
[0072] Anempty devicel (seeFIGs. 1, 2, and 7) in theinitial stateisprepared. The bottom
cap 80 is rotated to adjust the compressive deformation amount of the bellows structure 28.
The compressive deformation amount is determined on the basis of the amounts of the
erythrocyte component and the blood plasma calculated earlier such that a buffy coat after
centrifugal separation isformed in the cylinder part 23 of the storage vessel 20. A cap (not
shown) for closing the flow path 40f is attached to the upper end of the rod 40.
[0073] Subsequently, the collected blood isinjected into the storage vessel 20 through the
injection port 64a. Asthe blood isinjected, the air in the storage vessel 20 flows out of the
storage vessel 20 through the vent port 64b.  Thus, even when the flow path 40f is closed, blood
can beinjected easily. Thereafter, the injection port 64ais seaed.
[0074] Subsequently, the device 1 filled with blood is subjected to a centrifuge to perform
centrifugal separation. The centrifugal force actsin the direction of the arrow F shown in FIGs.
1and 2 in paralel to the central axisla. Theblood is centrifugally separated into the blood
plasma component to be stored in the first storage part 21, the buffy coat (the leukocyte
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component and the platelet) to be stored in the cylinder part 23, and the erythrocyte component
to be stored in the auxiliary storage part 24.

[0075] Intheinitial state, the locking member 110 is engaged with the rod 40 that holds the
dlider 30, and the locking mechanism isin the locked state where the locking mechanism is
effectively functioned. Thus, even when the centrifugal force F acts during centrifugal
separation, the slider 30 does not move downward from the initial position.

[0076] After the centrifugal separation, the device 1 istaken out from the centrifuge. The
position of the buffy coat in the vertical direction may be finely adjusted by rotating the bottom
cap 80 as necessary after the centrifugal separation so that the buffy coat is accurately arranged
in the cylinder part 23.

[0077] Subsequently, the blood component recovery device 150 (see FIG. 11, details are
described below) is connected to the upper end of the rod 40.

[0078] Subsequently, as shown in FIG. 8, the locking member 110 is moved in the groove 65 in
the horizontal direction so that the rod 40 positionsin the diameter-enlarged part 114. Asa
result, the engagement between the locking lever 113 of the locking member 110 and the locking
groove 40g of the rod 40 isreleased (unlocked state).

[0079] Subsequently, therod 40 is pushed downward. Together with the rod 40, the slider 30
provided at the lower end of the rod 40 a'so moves downward. Asshown in FIG. 9, the slider
30 isfitted into an upper opening (an opening on the first storage part 21 side) of the cylinder
part 23. A liquid-tight seal isformed between the gasket 50 provided on the slider 30 and the
inner peripheral surface of the cylinder part 23. Asaresult, the communication between the
first storage part 21 and the second storage part 22 (the cylinder part 23 and the auxiliary storage
part 24) isliquid-tightly blocked by the slider 30.

[0080] Therod 40 isfurther pushed downward. The slider 30 moves downward in the
cylinder part 23 while maintaining the liquid-tight seal between the slider 30 and the inner
peripheral surface of the cylinder part 23. Asthe dlider 30 enters the cylinder part 23 (i.e., as
the dlider 30 moves away from the first storage part 21), the volume of the second storage part 22
decreases. Thus, the blood component (e.g., leukocyte component) in contact with the lower
surface of the slider 30 flows out of the storage vessel 20 through the flow path 40f. In
accordance with the descent of the slider 30, the outside air flows into the first storage part 21
through the vent port 64b, and a negative pressure is prevented from forming in the first storage
part 21. Thisallows the operation of pushing down the rod 40 and the slider 30 to be
performed easily.

[0081] The descent of the slider 30 is stopped when all of the leukocyte component in the
cylinder part 23 flows out of the storage vessel 20, thereby completing the recovery operation of
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the leukocyte component. FIG. 10 isacross sectional view showing the device 1 in this state.
The dlider 30 has reached alower opening (an opening on the auxiliary storage part 24 side) of
the cylinder part 23 or in the vicinity thereof.
[0082] 1.3.Action

As described above, the device 1 of the first embodiment includes the slider 30 movable
in the storage vessel 20 from the first storage part 21 to the cylinder part 23 (the second storage
part 22). When the dlider 30 isin the first storage part 21, the first storage part 21 and the
cylinder part 23 are in communication with each other. Asthe dider 30 enters the cylinder part
23, aliquid-tight seal isformed between the slider 30 and the inner periphera surface of the
cylinder part 23, and the slider 30 blocks the communication between the first storage part 21
and the cylinder part 23. The slider 30 can move in the cylinder part 23 while maintaining this
liquid-tight seal. Thus, when blood is centrifugally separated while holding the slider 30 in the
first storage part 21 and then the slider 30 isinserted into the cylinder part 23 from the first
storage part 21, asthe dlider 30 enters the cylinder part 23, the blood component in the cylinder
part 23 can be pushed out of the storage vessel 20 through the flow path 40f. When the blood is
centrifugally separated such that the leukocyte component is present in the cylinder part 23 right
before the insertion of the slider 30 into the cylinder part 23, the leukocyte component can be
recovered through the flow path 40f.
[0083] Thedider 30 slides on the inner peripheral surface in such a manner that the liquid-tight
seal between the dlider 30 and the inner peripheral surface of the cylinder part 23 is maintained.
Thus, the leukocyte component attached to the cylinder part 23 is scraped (or scraped off) by
dliding the dlider 30.  After the slider 30 has passed, amost no leukocyte component remains on
the inner peripheral surface of the cylinder part 23. Therefore, the device 1 is advantageousin
improving the recovery rate of the leukocyte component.
[0084] Asdescribed above, in the case of using a conventional device (see Patent Literature 1),
awashing operation using physiological saline was needed for improving the recovery rate of the
leukocyte component. However, there is a case that the leukocyte component attached to the
inner peripheral surface of the storage vessel cannot be sufficiently recovered only by washing
with physiological saline. On the other hand, because the slider 30 moves (i.e., slides) while
being in contact with the cylinder part 30, the device 1 of the present embodiment can recover
the leukocyte component attached to the inner peripheral surface of the cylinder part 23 more
reliably. Therefore, in the present embodiment, the recovery rate of the leukocyte component is
remarkably improved as compared to a conventional case.
[0085] Furthermore, in the case of using a conventional device, in addition to the step of
washing the inside of the blood storage vessel with physiological saline, the step of subjecting
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the physiological saline containing the leukocyte component to centrifugal separation or the like
to recover the leukocyte component from the physiological saline after the washing step is
required. Thus, it takesalot of time and effort to improve the recovery rate of the leukocyte
component. On the other hand, in the case of using the device 1 of the present embodiment, the
recovery rate of the leukocyte component can be improved without performing the washing step
and the centrifugal separation step with the physiological saline. Therefore, use of the device 1
allows the leukocyte component to be recovered efficiently.

[0086] The conventional deviceisrequired to be provided with two blocking members
movable in the storage vessel for closing the upper and lower openings of the third storage part
(corresponding to the cylinder part 23 of the first embodiment) of the storagevessel. In
addition, because the leukocyte component in the third storage part is sucked by the syringein
the state where the upper and lower openings of the third storage part of the storage vessel are
closed, in addition to the flow path for allowing the leukocyte component to flow out of third
storage part, the conventional deviceis required to be provided with an air flow path for allowing
the air to flow into the third storage part in accordance with the outflow of the leukocyte
component so that a negative pressure is not caused in the third storage part.  In contrast, in the
present embodiment, only the slider 30 is movable in the storage vessel 20.  In addition,
because the leukocyte component in the second storage part 22 is extruded by the slider 30 to
recover, the air flow path leading to the second storage part 22 is unnecessary. Furthermore, the
flow path 40f for allowing the leukocyte component to flow out is provided in the rod 40 for
moving the dlider 30. Asaresult, the device 1 of the first embodiment has a structure
remarkably simpler than the conventional device.

[0087] Inthe conventional device, in the state where the upper and lower openings of the third
storage part (corresponding to the cylinder part 23 of the first embodiment) of the storage vessel
are closed with two blocking members, the leukocyte component in the third storage part is
recovered through aflow path provided in the rod that holds the blocking member (first blocking
member) for closing the lower opening of the third storage part. Because the conventional
deviceis configured so that air flows into the third storage part as the leukocyte component is
recovered from the third storage part, the flow path through which the leukocyte component
flows isin communication with the third storage part through an opening provided in the vicinity
of the first blocking member positioned at the lower end of the third storage part. Because this
elongates the flow path, the amount of the leukocyte component attached to the inner wall
surface of the flow path increases. The leukocyte component is also attached to the surface of
the lower first blocking member. In this manner, because the region to which the leukocyte
component is attached is wide, there has been a problem in that the leukocyte component cannot
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be recovered sufficiently.  On the other hand, in the present embodiment, because the flow path
40f for recovering the leukocyte component is provided on the rod 40 that holds the slider 30, the
length of the flow path 40f can be made shorter than the flow path of the conventional device.
Furthermore, the device of the present embodiment does not include a member corresponding to
thefirst blocking member of the conventional device. Thus, in the present embodiment, the
region to which the leukocyte component is attached isrelatively small.  Therefore, the device 1
of the present embodiment is advantageous in improving the recovery rate of the leukocyte
component.
[0088] Inthe conventional device, after closing the upper and lower openings of the third
storage part (corresponding to the cylinder part of the first embodiment) of the storage vessel
sequentially with the blocking members, the leukocyte component in the third storage part is
recovered. At thetime of closing the lower opening of the third storage part with the blocking
member, there may be a case in which the blocking member perturbs the boundary between a
leukocyte component layer and an erythrocyte component layer, which causes mixing of the
leukocyte component and the erythrocyte component in the vicinity of the boundary. Asa
result, a problem such as mixing of the erythrocyte component into the leukocyte component or
failing in recovering all of the leukocyte component sometimesraised. On the other hand, in
the first embodiment, there is no need to close the lower opening (the opening on the auxiliary
storage part 24 side) of the cylinder part 23. Even when the slider 30 isinserted into the
cylinder part 23 from the upper opening, the boundary between the leukocyte component layer
and the erythrocyte component layer, which isin the vicinity of the lower opening of the cylinder
part 23, is hardly affected. Thus, the above-described problem of the conventional deviceis
solved. Also from this point, the device 1 is advantageous in improving the recovery rate of the
leukocyte component.
[0089] Furthermore, in the first embodiment, for recovering the leukocyte component, it is only
required to push down the rod 40 to move the slider 30 from the first storage part 21 to the
cylinder part 23 after the centrifugal separation. The principle of pushing the rod 40 to push out
the leukocyte component is basically the same as the principle of pushing a plunger into the
outer cylinder part to push out the liquid in the outer cylinder part in acommon syringe.
Because the |eukocyte component can be recovered simply by moving the rod 40 and the slider
30 downward, the possibility of erroneous operation islow and the burden on an operator can be
reduced.
[0090] 1.4. Blood component recovery device

A blood component recovery device suitable for recovering the leukocyte component
using the device 1 of the first embodiment is described.
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[0091] FIG. 11 shows an example of ablood component recovery device 150. The recovery
device 150 includes afirst container 151, a second container 152, and a flexible transparent tube
155. Thetube 155 branchesinto aY shape (or T shape) from a main tube 155c¢ to two branch
tubes 155a and 155b. The main tube 155c is connected to the upper end of the rod 40 of the
device 1l (see FIGs. 1and 2). The branch tubes 155a and 155b are connected to the containers
151 and 152, respectively. Clamps 157aand 157b for opening and closing the respective flow
paths are provided on the branch tubes 155a and 155b. Vent holes 151a and 152afor allowing
gas communication between the inside and the outside of the containers 151 and 152 are
provided in the caps of the containers 151 and 152. Vent filters (not shown) that allow gas but
not liquid to pass are provided on the vent holes 151a and 152a.

[0092] Recovery of the blood component using the recovery device 150 is performed as
described below.

[0093] After subjecting the blood in the device 1 to centrifugal separation, the main tube 155¢
is connected to the upper end of therod 40 in the initial state where the dlider 30 isin theinitia
position (see FIG. 2). Thereafter, the rod 40 is descended, and the slider 30 isfitted into the
upper opening of the cylinder part 23 (see FIG. 9).

[0094] The blood component in the cylinder part 23 is observed through the support member
90 and the storage vessel 20. For example, when athin blood plasma component layer is
present right under the slider 30 and aleukocyte component layer is present under the thin blood
plasma component layer in the cylinder part 23, the clamp 157ais opened and the clamp 157b is
closed. Then, therod 40 isdescended. Asthe dlider 30 descendsin the cylinder part 23, the
blood plasma component flows out first and then the leukocyte component subsequently flows
out from the cylinder part 23 through the flow path 40f of the rod 40 and the tube 155. The
blood component flowing through the tube 155 is observed through the tube 155. When the
blood component flowing through the tube 155 is switched from the blood plasma component to
the leukocyte component, the clamp 157ais closed and the clamp 157b isopened. Thereafter,
therod 40 is subsequently descended.  Thereafter, when the blood component flowing through
the tube 155 is switched from the leukocyte component to the erythrocyte component (see FIG.
10), the clamp 157b is closed and the operation of descending therod 40 is stopped. Thus, the
first container 151 can recover the blood plasma component and the second container 152 can
recover the leukocyte component.

[0095] Asdescribed above, the recovery device 150 includes the two containers 151 and 152
and a switching mechanism (the clamps 157a and 157b) for switching the communication
between the two containers 151 and 152 and the flow path 40f of thedevice 1. Useof such a

recovery device 150 alows aleukocyte component of high purity in which ablood plasma
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component and an erythrocyte component are substantially not mixed to be recovered by
switching the communication between the containers 151 and 152 and the flow path 40f by the
switching mechanism (the clamps 157a and 157b) even when the blood plasma component layer
is present beneath the slider 30 or the erythrocyte component layer enters beneath the lower part
of the cylinder part 23 at the time of fitting the slider 30 into the upper opening of the cylinder
part 23 (see FIG. 9).
[0096] Thus, when the recovery device 150 is used, the upper end and the lower end of the
leukocyte component layer are not required to exactly coincide with the upper end and the lower
end of the cylinder part 23 in the state where the slider 30 after the centrifugal separation isin the
initial position (see FIG. 2). The blood plasma component layer and the erythrocyte component
layer may enter the cylinder part 23 as long as the entire leukocyte component layer is present in
the cylinder part 23.  This makes it possible to omit the step of calculating the amounts of the
erythrocyte component and the blood plasma of the collected blood and to ease the adjustment
accuracy of the compressive deformation amount of the bellows structure 28, which allows the
recovery operation of the leukocyte component to be ssimplified. Furthermore, by omitting the
volume adjusting mechanism such as the bellows structure 28, the structures of the storage vessel
20 and the device 1 can be further ssmplified.
[0097] Therecovery device 150 includes the clamps 157a and 157b as a switching mechanism
selectively communicating the flow path 40f with either the first container 151 or the second
container 152. The structure of the switching mechanism, however, is not limited thereto.  For
example, instead of the clamps 157a and 157hb, the switching mechanism may be a three-way
stopcock provided in a'Y-shaped (or T-shaped) branch part of the tube 155.
[0098] The structures of the first container 151 and the second container 152 are not limited to
the above-described embodiment.  For example, the first container 151 and/or the second
container 152 may be a bag obtained by bonding flexible sheets. In this case, the vent holes
151aand 152a may not be provided in the bag.
[0099] 2. Second embodiment

The second embodiment of the present invention is described. In the drawingsto be
referred to in the description below, members or € ements having the same functions as the
members or elements shown in the drawings referred to in the first embodiment are given the
same reference signs as in the first embodiment.  In the second embodiment, a redundant
description of these members or elementsisomitted. Therefore, the reference shall be made to
the description of the first embodiment as necessary. Hereinafter, the second embodiment is
described focusing on differences between the first embodiment and the second embodiment.
[0100] 2.1. Structure of blood component separator
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The structure of ablood component separator (hereinafter, smply referred to asa
"device") 2 according to the second embodiment of the present invention is described below.
[0101] FIG. 12isaperspective view of thedevice2. FIG. 13 isacross sectional perspective
view taken along the vertical direction surface of thedevice2. In FIG. 13, a dashed-dotted line
2aisthe central axisof thedevice2. FIG. 14 isan exploded perspective view of the device 2.
[0102] Asshownin FIG. 13, the device 2 includes aslider 31 in afirst storage part 21 and a
blocking member 32 in an auxiliary storage part 24. The dlider 31 functions as the slider 30 of
the first embodiment and is held at the lower end of two first rods41. The blocking member 32
isheld at the lower end of the second rod 42.

[0103] FIG. 15A isaperspective view of the slider 31 and the first rods 41, and FIG. 15B isa
cross sectional view thereof. The dlider 31 has a substantially disc shape (or athin substantially
cylindrical shape). The dlider 31 is provided with athrough hole 31a penetrating the slider 31
in the vertical direction at the center thereof. A gasket 51 having a bottomed cylindrical shape
is attached to the dlider 31 so asto cover the outer peripheral surface and the lower surface of the
slider 31. A through hole 51a penetrating the bottom plate of the gasket 51 in the vertical
direction isformed at a position corresponding to the through hole 31a of the slider 31. The
opening diameter of the through hole 51ais preferably slightly smaller than the opening diameter
of the through hole 31a.

[0104] Thefirst rod 41 isasolid bar-like member. The two first rods 41 are provided at
positions symmetrical with respect to the through hole 31a on the upper surface of the slider 31.
The two first rods 41 extend upward in parallel to each other.

[0105] On the outer peripheral surface of each first rod 41, apair of first locking grooves 41g
extending in the horizontal direction are formed (in FIG. 15A, the first locking groove 41g
provided on the rear side of each first rod 41 cannot be seen). It isto be noted that the first
locking groove 419 provided on each of the first rods 41 is not necessarily divided in the
circumferentia direction, and may be an annular groove continuous in the circumferential
direction, for example.

[0106] In the present embodiment, the slider 31 (excluding the gasket 51) and the first rods 41
areintegrally produced as asingle piece asawhole. The present invention, however, is not
limited thereto, and the separately prepared slider 31 and the first rods 41 may be combined.
[0107] FIG. 16A isaperspective view of the blocking member 32 and the second rod 42, and
FIG. 16B is across sectional view thereof. The blocking member 32 has a substantially disk
shape (or athin substantially cylindrical shape). An Oring 52 is attached to the cylindrical
outer periphera surface of the blocking member 32. Four openings 32a are formed in the upper
surface of the blocking member 32.  The four openings 32a are in communication with one
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another through a flow path 32f having a substantially cross-shapein plan view formed in the
blocking member 32. The number of the openings 32ais not limited to four, and may be more
than four or less than four.

[0108] The second rod 42 is abar-like member having a hollow cylindrical shape. The second
rod 42 preferably has the same outer diameter asthefirst rod 41 (see FIG. 15A). The second
rod 42 is provided at the center of the upper surface of the blocking member 32.  Asshownin
FIG. 16B, the flow path 42f in the second rod 42 and the flow path 32f in the blocking member
32 are in communication with each other. Thus, the opening 32a, the flow path 32f, and the
flow path 42f are sequentially in communication.

[0109] The opening 32aand the flow path 32f of the blocking member 32 may be omitted and a
lateral hole extending along the radial direction and in communication with the flow path 42f
may be provided in the second rod 42 in the vicinity of the blocking member 32.

[0110] Onthe outer peripheral surface of the second rod 42, a pair of second locking grooves
429 extending in the horizonta direction are formed (in FIG. 16A, the second locking groove
429 provided on the rear side of each second rod 42 cannot be seen). It isto be noted that, the
second locking groove 42q is not necessarily divided in the circumferential direction, and may be
an annular groove continuous in the circumferential direction, for example.

[0111] FIG. 17A isaperspective view of atop cap 260, and FIG. 17B is cross sectional
perspective view thereof. Thetop cap 260 includes acircular top plate 61, a cylindrical outer
peripheral wall 62 extending downward from the outer peripheral edge of the top plate 61, and a
guide tube 263 extending downward from the lower surface of the top plate 61.

[0112] A groove 67 extending straight is provided on the upper surface of the top plate 61.

The width of the groove 67 is not constant, and, similar to the groove 65 of the first embodiment
(see FIG. 5A), the groove 67 includes awide part 67a having arelatively wide width and a
narrow part 67b having arelatively narrow width. The wide part 67ais provided at the center
of the top plate 61 and the narrow part 67b connects the wide part 67a and the outer periphera
edge of the top plate 61.

[0113] Three guide holes 71a, 71b, and 72 penetrate the top plate 61 and the guide tube 263 in
the vertical direction. The guide holes 71a, 71b, and 72 are arranged along a straight line
substantially orthogonal to the longitudinal direction of the groove 67. Thefirst guide holes
7laand 71b are provided on both sides of the groove 67, and the second guide hole 72 is
provided coaxially with the top plate 61 in the wide part 67a of the groove 67. The edge of the
opening of each of the guide holes 71a, 71b, and 72 facing upward is dightly expanded, which
forms an annular dent. O rings 55a, 55b, and 56 are attached to the insides of the dents of the
guide holes 71a, 71b, and 72, respectively. Similarly, the edge of the opening of each of the
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guide holes 71aand 71b facing downward is slightly expanded, which forms an annular dent.
Orings57aand 57b are attached to the insides of the dents of the guide holes 71aand 71b,
respectively.

[0114] Two through holes 64a and 64b penetrating the top plate 61 in the vertical direction are
provided in the top plate 61 in aregion where the groove 67 isnot formed. Asin thefirst
embodiment, the through hole 64ais used as an injection port and the through hole 64b is used as
avent port.

[0115] FIG. 18 isaperspective view of afirst locking member 210. The first locking member
210 includes a substantially "C"-shaped operation part 211 and two locking bars 213 extending
from both ends of the operation part 211. The two locking bars 213 extend in parallel to each
other except for awidened part 214 provided at a substantially middle position in the
longitudinal direction thereof. The distance between the locking bars 213 at the widened part
214 iswider than the distance between the locking bars 213 at the other part.  The inner
diameter of the widened part 214 (the diameter of the inscribed circle of the widened part 214) is
substantially equal to or slightly larger than the outer diameter of the second rod 42 (see FIG.
16A). The distance between two locking bars 213 excluding the widened part 214 is smaller
than the outer diameter of the first rod 41 (see FIGs. 15A and 15B). Asdescribed below, the
part of the two locking bars 213 at the part excluding the widened part 214 is configured to be
engageable with the first locking groove 41g (see FIG. 15A) formed on each first rod 41.

[0116] FIG. 19isaperspective view of asecond locking member 220. Similar to the locking
member 110 of the first embodiment (see FIG. 6), the second locking member 220 includes a
substantially rectangular thin plate-like operation part 221 and a substantially "U"-shaped frame
222. Theframe 222 includes a diameter-enlarged part 224 and two locking bars 223 parallel to
each other between the diameter-enlarged part 224 and the operation part 221. Whilethe
diameter-enlarged part 224 has a substantially regular hexagonal shape in the present
embodiment, the shape of the diameter-enlarged part 224 is not limited thereto, and the
diameter-enlarged part 224 may have any shape such as a circular shape (see FIG. 6), an
elliptical shape, aregular octagonal shape, or thelike. Theinner diameter of the
diameter-enlarged part 224 (the diameter of the inscribed circle of the diameter-enlarged part
224) is substantially equal to or slightly larger than the outer diameter of the second rod 42 (see
FIG. 16A). The outside dimension of the diameter-enlarged part 224 is larger than the outside
dimension of the two locking bars 223.  The distance between the two locking bars 223 is
smaller than the inner diameter of the diameter-enlarged part 224 and smaller than the outer
diameter of the second rod 42. As described below, the two locking bars 223 are configured to
be engageable with the second locking groove 42g formed on the second rod 42 (see FIG. 16A).
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[0117] Ascan beunderstood from FIGs. 13 and 14, the dlider 31 held by thefirst rod 41, the
blocking member 32 held by the second rod 42, and the top cap 260 are, in summary, attached to
the storage vessel 20 as described below.

[0118] The support member 90 is attached to the storage vessel 20.  The blocking member 32
isinserted into the storage vessel 20 from the opening 25. Using the second rod 42, the
blocking member 32 is moved into the auxiliary storage part 24 from the first storage part 21
through the cylinder part 23. The second rod 42 is sequentially inserted into the through hole
51a of the gasket 51 and the through hole 31a of the slider 31.  Furthermore, the second rod 41
isinserted into the second guide hole 72 of the top cap 260 from below. Moreover, two first
rods 41 are inserted into the first guide holes 71a and 71b of the top cap 260 from below. The
top cap 260 is screwed to the upper end of the support member 90. The opening 25 is covered
with thetop plate 61. Therods 41, 41, and 42 penetrate the top cap 260 and project upward.
[0119] The second rod 42 isinserted into the diameter-enlarged part 224 of the second locking
member 220. Then, the second locking member 220 isfitted into the groove 67 formed on the
upper surface of thetop cap 260. More specifically, the diameter-enlarged part 224 and the
operation part 221 of the second locking member 220 are fitted into the wide part 67a and the
narrow part 67b of the groove 67, respectively (see FIG. 20).

[0120] Subsequently, therods 41, 41, and 42 are inserted into the space between the two
locking bars 213 of the first locking member 210. The position of the first locking member 210
in the horizontal direction is adjusted so that the second rod 42 is positioned in the widened part
214. Then, the locking bar 213 isfitted into the first locking groove 41g provided on the first
rod 41. Thefirst locking member 210 is placed on the top plate 61 of the top cap 260.

[0121] FIG. 20isaplan view of the device 2 assembled in thismanner. The second rod 42 is
positioned in the diameter-enlarged part 224 of the second locking member 220 and in the
widened part 214 of the first locking member 210. Thefirst rod 41 is positioned between the
locking bars 213 of the first locking member 210. FIGs. 12 and 13 show the device 2 in which
the first and second locking members 210 and 220 are in the position of FIG. 20.

[0122] Asshownin FIG. 12, the locking bar 213 (excluding the widened part 214) of the first
locking member 210 is engaged with the first locking groove 41g of thefirst rod 41. This
prevents the first rod 41 and the slider 31 held by the first rod 41 from descending (see FIG. 13).
In this manner, the first locking member 210 and the first locking groove 41g provided on the
first rod 41 to be engaged with the first locking member 210 configure a "locking mechanism for
dider 31" (hereinafter, referred to as a "first locking mechanism™) that prevents the slider 31
from descending.  Switching between activation and invalidation of the lock by the first locking
mechanism can be achieved by attaching and detaching the first locking member 210 to the first
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rod 41. When thefirst rod 41 is positioned between the locking bars 213 and the locking bar
213 is engaged with the first locking groove 41g as shown in FIG. 20, the first locking
mechanism isin the locked state. When the first locking member 210 is taken out of the first
rod 41 (see FIG. 22 described below), the first locking mechanism isin the unlocked state. The
first locking member 210 can be taken out of thefirst rod 41 by inserting a finger into the
operation part 211 and pulling the first locking member 210 in the arrangement direction of the
rods 41, 42, and 41.

[0123] When thefirst locking mechanism isin the locked state, as shown in FIG. 13, the slider
31 held at the lower end of thefirst rod 41 floatsin the air in the first storage part 21 without
contacting with the inner peripheral surface of the first storage part 21. The position of the
slider 31 shown in FIG. 13 isreferred to asthe "initial position” of the slider 31.

[0124] Unlessthe engagement (locked state) between the first locking member 210 (locking
bar 213) and thefirst rod 41 isreleased, even if adownward force is applied to thefirst rod 41 or
gravity or acentrifugal force acts on thefirst rod 41 and the slider 31, the slider 31 does not
descend from theinitial position. Thefirst locking mechanism is advantageous for stably
holding the dlider 31 in theinitial position. Thus, the communication between the first storage
part 21 and the second storage part 22 (the cylinder part 23) isensured.  Thisis advantageous
for areliable blood flowing from the first storage part 21 to the second storage part 22 when
blood is injected from the opening 25 of the storage vessel 20. In addition, such astructureis
advantageous for centrifugal separation of blood into a blood plasma component to be stored in
thefirst storage part 21, aleukocyte component to be stored in the cylinder part 23, and an
erythrocyte component to be stored in the auxiliary storage part 24.

[0125] Asshownin FIG. 20, theinner diameter of the diameter-enlarged part 224 of the second
locking member 220 is equal to or larger than the outer diameter of the second rod 42. The
inner diameter of the widened part 214 of the first locking member 210 is equal to or larger than
the outer diameter of the second rod 42. Thus, in FIG. 13, the second rod 42 and the blocking
member 32 held at the lower end of the second rod 42 are movable in the vertical direction with
respect to the storage vessel 20.

[0126] On the other hand, when the second rod 42 is raised so that the second locking groove
429 is positioned at the same level as the second locking member 220, the locking bar 223 of the
second locking member 220 can be fitted into the second locking groove 42g of the second rod
42 (see FIGs. 21A and 21B described below).

[0127] When the locking bar 223 is engaged with the second locking groove 429, the second
rod 42 and the blocking member 32 held by the e second rod 42 are prevented from descending.
In this manner, the second locking member 220 and the second locking groove 429 provided on



10

15

20

25

30

35

27

the second rod 42 to be engaged with the second locking member 220 configure a" locking
mechanism for blocking member 32" (hereinafter, referred to as a "second |ocking mechanism')
that prevents the blocking member 32 from descending.  Switching between activation and
invalidation of the lock by the second locking mechanism can be achieved by moving the second
locking member 220 in the groove 67 in the horizontal direction. When the second rod 42 is
positioned in the diameter-enlarged part 224 as shown in FIG. 20, the second locking mechanism
isin the unlocked state. When the second rod 42 is positioned between the locking bars 223
and the locking bar 223 is engaged with the second locking groove 429 (see FIGs. 21A and 21B
described below), the second locking mechanism isin the locked state.  The second locking
member 220 can be moved by pressing a finger against the operation part 221.

[0128] In FIG. 13, the blocking member 32 isin contact with the bottom plate 24b of the
auxiliary storage part 24. The position of the blocking member 32 shown in FIG. 13 isreferred
to asthe "initial position” of the blocking member 32.

[0129] Inthe present invention, the state where the slider 31 and the blocking member 32 are
both in the initial position, the first locking member 210 and the first rod 41 are engaged (locked
state), and the second locking member 220 and the second rod 42 are not engaged (unlocked
state) isreferred to as the "initial state” (FIGs. 12, 13, and 20).

[0130] A liquid-tight seal isformed between the outer periphera surface of the first rod 41 and
the O rings 55a, 55b, 57a, and 57b held by the top cap 260, and aliquid-tight seal isformed
between the outer peripheral surface of the second rod 42 and the gasket 51 provided on the
dlider 31 and the O ring 56 held by the top cap 260. Furthermore, the top cap 260 liquid-tightly
seals the opening 25 at the upper end of the storage vessel 20.  Accordingly, the spacein the
storage vessel 20 excluding the flow paths 32f and 42f and the through holes 64a and 64b of the
top cap 260 (see FIG. 17A) isliquid-tightly sealed.

[0131] The materia of the dider 31 and the blocking member 32 is preferably a hard material
that can be substantially regarded as arigid body so that the gasket 51 and the O ring 52 can
form aliquid-tight seal with theinner peripheral surface of the cylinder part 23 (details are
described below). Regarding the materia of the dider 31 and the blocking member 32,
reference can be made to the description as to the slider 30 of the first embodiment.

[0132] Regarding the material of the gasket 51 and the O rings 52, 55a, 55b, 56, 57a, and 57b,
reference can be made to the description as to the gasket 50 and the O rings 53 and 54 of the first
embodiment.

[0133] Inthe present embodiment, the gasket 51 is attached to the dlider 31 asa sealing
material. The present invention, however, isnot limited thereto. Any sealing materia that can
form aliquid-tight seal with the inner peripheral surface of the cylinder part 23 may be attached
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tothedider 31. For example, an annular gasket having no bottom plate similar to the gasket 50
of the first embodiment may be attached to the outer peripheral surface of the slider 31.
Alternatively, any O ring similar to the O ring 52 may be attached to the outer peripheral surface
of thedider 31. Inthese cases, an O ring that can form aliquid-tight seal with the outer
peripheral surface of the first rod 41 is preferably attached to the inner peripheral surface of the
through hole 31a of the slider 31 or the lower end of the inner peripheral surface of the second
guide hole 72 of the top cap 260.
[0134] 2.2.Usage

The usage of the device 2 is described.
[0135] The collected blood isinjected to the storage vessel 20 of the empty device 2 (see FIGs.
12,13, and 20) intheinitia state. Subsequently, centrifugal separation is performed. The
blood is centrifugally separated into the blood plasma component to be stored in the first storage
part 21, the buffy coat (the leukocyte component and the platelet) to be stored in the cylinder part
23, and the erythrocyte component to be stored in the auxiliary storage part 24. The above
described operation is substantially the same as in the first embodiment.
[0136] Intheinitia state, the first locking member 210 is engaged with the first rod 41 that
holds the dlider 31, and the first locking mechanism is in the locked state where the first locking
mechanism is effectively functioned. Furthermore, the blocking member 32 isin contact with
the bottom plate 24b of the auxiliary storage part 24. Thus, even when the centrifugal force F
acts during the centrifugal separation (see FIG. 13), the slider 31 and the blocking member 32 do
not move from the initial position.
[0137] After the centrifugal separation, a main tube 155c of the blood component recovery
device (see FIG. 11) described in the description of the first embodiment is connected to the
upper end of the second rod 42.
[0138] Subsequently, the upper end of the second rod 42 is gripped and the second rod 42 is
pulled upward. At thistime, for preventing the slider 31 from rising together with the rising
second rod 42, the first rod 41 or the first locking member 210 may be pressed downward by a
hand different from the hand gripping the second rod 42 as needed. When the second rod 42 is
pulled up, the blocking member 32 attached to the lower end of the second rod 42 moves upward
in the auxiliary storage part 24. Then, as shown in FIG. 21A, the blocking member 32 isfitted
into the opening on the auxiliary storage part 24 side of the cylinder part 23 to close the opening.
The O ring 52 attached to the blocking member 32 forms aliquid-tight seal with the inner
peripheral surface of the cylinder part 23. Asaresult, the communication between the cylinder
part 23 and the auxiliary storage part 24 is liquid-tightly blocked by the blocking member 32.
[0139] In the state where the blocking member 32 closes the lower opening of the cylinder part
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23, as shown in FIG. 21B, the second locking member 220 is moved in the horizontal direction
so that the second rod 42 is positioned between two locking bars 223.  The second locking
groove 42g of the second rod 42 (see FIG. 16A) is provided at such a position as to be at the
same level as the second locking member 220 when the blocking member 32 closes the lower
opening of the cylinder part 23. Therefore, as shown in FIG. 21A, the locking bar 223 of the
second locking member 220 isfitted into the second locking groove 42g, and the second locking
mechanism in the locked state. Even when adownward force is applied to the second rod 42,
the blocking member 32 does not descend and the lower opening of the cylinder part is not
opened unless the locked state of the second locking mechanism is rel eased.

[0140] In contrast to the above, before moving the second rod 42 upward, the second locking
member 220 may be moved in the horizontal direction so that the second rod 42 is positioned
between two locking bars 223 in the same manner as described above. By the second rod 42,
the frame 222 of the second locking member 220 (see FIG. 19) is elastically deformed so that the
distance between the two locking bars 223 increases.  In this state, the second rod 42 israised
while pressing the second locking member 220 through the first locking member 210 so as not to
raise the second locking member 220. When the second locking groove 429 risesto the
position of the locking bar 223, the frame 222 is elastically restored, the locking bar 223 isfitted
into the second locking groove 42g, and the second locking mechanism isin the locked state.

At the same time, the blocking member 32 liquid-tightly closes the opening on the auxiliary
storage part 24 side of the cylinder part 23.  According to this method, the lower opening of the
cylinder part 23 isliquid-tightly closed with the blocking member 32 by fitting the locking bar
223 into the second locking groove 42g.  Thus, the operation of blocking the communication
between the cylinder part 23 and the auxiliary storage part 24 can be performed easily and stably
regardless of the skill of the operator.

[0141] Subsequently, as shown in FIG. 22, the first locking member 210 is pulled out of the
first rod 41 by gripping the operation part 211 and pulling the first locking member 210 in the
horizontal direction. Thereby, the engagement between the first locking member 210 and the
first locking groove 41g is released, and the first locking mechanism isin the unlocked state.
[0142] Subsequently, the two first rods 41 are together pushed downward. Together with the
first rod 41, the slider 31 provided at the lower end of the first rod 41 also moves downward.
Asshown in FIG. 23, the slider 31 isfitted into the upper opening (the opening on the first
storage part 21 side) of the cylinder part 23. A liquid-tight seal is formed between the gasket 51
provided on the slider 31 and the inner peripheral surface of the cylinder part 23. Asaresult,
the communication between the first storage part 21 and the second storage part 22 (cylinder part
23) isliquid-tightly blocked by the slider 31.
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[0143] Thefirst rod 41 is further pushed downward. The slider 31 moves downward in the
cylinder part 23 while maintaining the liquid-tight seal between the slider 31 and the inner
peripheral surface of the cylinder part 23. Asthe dlider 31 enters the cylinder part 23 (i.e., as
the dlider 31 moves away from the first storage part 21), the volume of the cylinder part 23
decreases. Thus, the blood component (e.g., the leukocyte component) in the cylinder part 23
flows into the opening 32a of the blocking member 32 and flows out of the storage vessel 20
through the flow paths 32f and 42f (see FIGs. 16A and 16B). In accordance with the descent of
the dider 31, the outside air flows into the first storage part 21 through the vent port 64b (see
FIG. 17A). Thisalowsthe operation of pushing down thefirst rod 41 and the slider 31 to be
performed easily.

[0144] Asdescribed above, the second locking member 220 and the second locking groove 429
of the second rod 42 are engaged, and the second locking mechanism is still in the locked state.
Therefore, even if adownward forceis erroneously applied to the second rod 42 when the first
rod 41 is pushed down or the pressure in the cylinder part 23 isincreased in the process of
descending the slider 31 in the cylinder part 23, an operation mistake such that the locking
member 32 comes out of the lower opening of the cylinder part 23 does not happen.

[0145] The descent of the slider 31 is stopped when all of the leukocyte component in the
cylinder part 23 flows out of the storage vessel 20, thereby completing the recovery operation of
the leukocyte component. FIG. 24 is across sectional view showing the device 2 in this state.
The dlider 31 (or the gasket 51) approaches or isin contact with the blocking member 32.
[0146] The blood component flowing out of the cylinder part 23 through the flow path 42f
flowsto the recovery device 150 (see FIG. 11). By switching the opening and closing of the
clamps 157a and 157b depending on the blood component flowing through the tube 155, the
leukocyte component can be recovered in the second container 152.  When the lower opening
of the cylinder part 23 is closed with the blocking member 32 and the slider 31 is inserted into
the upper opening of the cylinder part 23 (see FIG. 23), there may be a case in which athin
erythrocyte component layer is present right above the blocking member 32, athin blood plasma
component layer is present right under the dider 31, and aleukocyte component layer is present
between them. Unlike the device 1 of the first embodiment, in the device 2, the blood
component in the cylinder part 23 flows to the recovery device 150 through the opening 32a of
the blocking member 32. Thus, in the above-described case, the erythrocyte component, the
leukocyte component, and the blood plasma component flow out of the cylinder part 23 in this
order. By closing the clamp 157a and opening the clamp 157b only during flow of the
leukocyte component through the tube 155, the leukocyte component can be recovered in the
second container 152.
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[0147] 2.3.Action

As described above, the device 2 of the second embodiment includes the blocking
member 32 configured to liquid-tightly block the communication between the cylinder part 23
and the auxiliary storage part 24 in addition to the slider 31 in the storage vessel 20.  After the
centrifugal separation, the communication between the cylinder part 23 and the auxiliary storage
part 24 is blocked by the blocking member 32. Thereafter, the dider 31 isinserted into the
cylinder part 23 from the first storage part 21. Asthe slider 30 enters the cylinder part 23, the
blood component present between the slider 31 and the blocking member 32 in the cylinder part
23 can be pushed out of the storage vessel 20 through the flow paths 32f and 42f.  When the
blood is centrifugally separated such that the leukocyte component is present in the cylinder part
23 right before the insertion of the slider 30 into the cylinder part 23, the leukocyte component
can be recovered through the flow paths 32f and 42f.
[0148] Asinthefirst embodiment, the slider 31 slides on the inner peripheral surface in such a
manner that the liquid-tight seal between the slider 31 and the inner peripheral surface of the
cylinder part 23 ismaintained. Thus, the leukocyte component attached to the inner peripheral
surface of the cylinder part 23 is scraped (or scraped off) by sliding the dlider 31.  After the
dlider 31 has passed, almost no leukocyte component remains on the inner peripheral surface of
the cylinder part 23. Therefore, the device 2 is advantageous in improving the recovery rate of
the leukocyte component.
[0149] Furthermore, according to the second embodiment, the recovery rate of the leukocyte
component can be improved without performing a washing step with physiological saline and a
centrifugal separation of the physiological saline recovered after washing, which have been
performed in the case of using the conventional device (see Patent Literature 1). Accordingly,
by using the device 2, the leukocyte component can be recovered efficiently.
[0150] Because the leukocyte component in the third storage part is sucked by the syringe in
the state where the upper and lower openings of the third storage part (corresponding to the
cylinder part 23 of the first embodiment) of the storage vessel are closed, in addition to the flow
path for alowing the leukocyte component to flow out of the third storage part, the conventional
deviceisrequired to be provided with an air flow path for allowing the air to flow into the third
storage part in accordance with the outflow of the leukocyte component so that a negative
pressure is not caused in the third storage part.  In contrast, according to the present
embodiment, because the leukocyte component is extruded by the slider 30 to be recovered, the
air flow path leading to the second storage part 22 (cylinder part 23) isunnecessary. Asaresult,
the device 2 of the second embodiment has a structure simpler than the conventional device.
[0151] By connecting the recovery device 150 (see FIG. 11) to the device 2, the leukocyte
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component can be recovered in the same manner asin the first embodiment. When the lower
opening of the cylinder part 23 is blocked with the blocking member 32 and the slider 31 is
inserted into the upper opening of the cylinder part 23 (see FIG. 23), aleukocyte component of
high purity in which an erythrocyte component and a blood plasma component are substantially
not mixed can be recovered in the second container 152 by appropriately switching the switching
mechanism (the clamps 157a and 157b) even when the erythrocyte component layer is present
right above the blocking member 32 and the blood plasma component layer is present right under
thedider 31. Asinthe first embodiment, this makes it possible to omit the step of calculating
the amounts of the erythrocyte component and the blood plasma of the collected blood and to
ease the adjustment accuracy of the compressive deformation amount of the bellows structure 28,
which allows the recovery operation of the leukocyte component to be simplified.
[0152] Unlike the first embodiment, the device 2 of the second embodiment includes the
blocking member 32 that blocks the communication between the cylinder part 23 and the
auxiliary storage part 24.  Thus, once the communication between the cylinder part 23 and the
auxiliary storage part 24 is blocked by the blocking member 32, the leukocyte component in the
cylinder part 23 and the erythrocyte component in the auxiliary storage part 24 will not be mixed
thereafter due to the change of the attitude (inclination) of the device 2 and the insertion of the
dlider 31 into the cylinder part 23.  Thus, the recovery rate of the leukocyte component can be
improved stably even by an unskilled operator.
[0153] The second embodiment is the same as the first embodiment except for the
above-described matters.  The description of the first embodiment can be appropriately applied
to the second embodiment.
[0154] 3. Various modified embodiments

The first and second embodiments are merely examples. The present invention is not
limited to the above-described first and second embodiments and can be appropriately changed.
[0155] Inthefirst and second embodiments described above, the second storage part 22
includes the cylinder part 23 and the auxiliary storage part 24 having different inner diameters.
It, however, is not necessary for the second storage part 22 to have such parts having different
inner diameters.
[0156] For example, in the first embodiment including no blocking member 32, the auxiliary
storage part 24 may have the same inner diameter as the cylinder part 23.  In this case, thereis
no apparent distinction between the cylinder part 23 and the auxiliary storage part 24, and the
inner diameter of second storage part 22 is constant in the central axis ladirection (except for
the bellows structure 28).  Even in such a case, when the slider 30 is moved to the boundary

between the leukocyte component layer and the erythrocyte component layer in the second
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storage part 22 after the centrifugal separation, the leukocyte component can be recovered. Itis
to be noted that, because the amount of the erythrocyte component contained in blood is larger
than that of the leukocyte component contained in blood, asin the first embodiment, providing
the auxiliary storage part 24 having a diameter larger than that of the cylinder part 23 in the
second storage part 22 is advantageous for reducing the height (dimension along the central axis
13) of the storage vessel 20 and the device 1.

[0157] Inthe second embodiment, the blocking member 32 movable in the second storage part
22 isused as a unit for dividing the second storage part 22 liquid-tightly at the boundary between
the leukocyte component layer and the erythrocyte component layer or in the vicinity thereof
after the centrifugal separation. The present invention, however, is not limited thereto.

[0158] For example, the unit for dividing the second storage part 22 may be configured with a
balloon that can be inflated in the horizontal direction. The balloon is preliminarily fixed in the
vicinity of the boundary between the leukocyte component layer and the erythrocyte component
layer. Centrifugal separation of blood is performed in the state where the balloon is deflated,
and then the balloon is inflated to form aliquid-tight seal between the balloon and the inner
peripheral surface of the second storage part 22, thereby dividing the second storage part 22 into
two. Air or liquid (water, physiological saline, etc.) for inflating the balloon can be supplied
from the outside of the device 2 through atube or thelike. In the case of not using the blocking
member 32 that rises and descends in the auxiliary storage part 24 asin this structure, aso in the
second embodiment, it is not necessary to make the inner diameter of the second storage part 22
different between the cylinder part 23 and the auxiliary storage part 24.

[0159] A flow path for communicating the inside and the outside of the storage vessel 20 and
recovering the leukocyte component is provided in the rod 40 that holds the slider 30 in the first
embodiment and is provided in the second rod 42 that holds the blocking member 32 in the
second embodiment.  The flow path of the present invention, however, is not limited thereto.
[0160] For example, in thefirst and second embodiments, the sliders 30 and 31 are provided
with through holes that penetrate the sliders 30 and 31, flexible tubes are connected to the
through holes, and the tubes may be led out to the storage vessel 20.  Providing the flow path
outside the rods 40 and 42 in this manner makes it possible to use solid members as the rods 40
and 42, which is advantageous for improving the strength of the rods 40 and 42.

[0161] Inthe second embodiment, asin the first embodiment, aflow path may be formed in the
dlider 31 and the first rod 41 that holds the slider 31.

[0162] Commonly, the structure of the first embodiment of recovering the leukocyte
component from the slider 30 side positioned above the leukocyte component layer is
advantageous for recovering the leukocyte component of high purity as compared to the structure
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of the second embodiment of recovering the leukocyte component from the blocking member 32
side positioned bel ow the leukocyte component layer because mixing of different blood
components into the leukocyte component in the flow path isreduced. That is, in thefirst
embodiment, as the slider 30 descends in the cylinder part 23, there may be a case in which the
blood plasma component flows through the flow path 40f first and subsequently the leukocyte
component flows through the flow path 40f. In this case, a mixing amount of the blood plasma
component into the leukocyte component in the flow path 40f isrelatively small.  In contrast, in
the second embodiment, as the slider 31 descends in the cylinder part 23, there may be acasein
which the erythrocyte component flows through the flow paths 32f and 42f first and
subsequently the leukocyte component flows through the flow paths 32f and 42f. Inthiscase, a
mixing amount of the erythrocyte component into the leukocyte component in the flow paths 32f
and 42f isrelatively large.  Although it is not certain, this difference is thought to be due to the
difference in physical properties of blood components such as specific gravity and viscosity.
Therefore, in the second embodiment, the structure in which flow paths are provided through the
dlider 31 asin the first embodiment can be advantageous for recovering the leukocyte component
of high purity. Furthermore, the structure in which the flow paths are provided in the first rod
41 that holds the dlider 31 allows the flow path to be shortened as compared to the second
embodiment in which the flow path is provided in the second rod 42 that holds the blocking
member 32. Thisis advantageous in improving the recovery rate of the leukocyte component
because the leukocyte component attached to the inner wall surface of the flow path can be
reduced.

[0163] The structures of the locking mechanisms for the sliders 30 and 31 and the blocking
member 32 are not limited to the first and second embodiments.  For example, in the state
where the dlider 30(31) isintheinitial position (see FIGs. 1, 2, 12, and 13), a projection
projecting along the radial direction may be provided at the part of the rod 40(41) that projects
upward from the top cap 60(260), and a detachabl e spacer member may be attached between the
projection and the top plate 61 of the top cap 60(260). When the slider 30(31) is descended, the
spacer isremoved. Because this structure does not require the locking groove 40g(41g)
provided on the rod 40(41), the problems such as the decrease in the strength of the rod 40(41)
due to the locking groove 40g(419) and the decrease in the operability of the operation of
descending the slider 30(31) due to interference between the locking groove 40g(41g) and the O
ring(s) 54(55a, 55b, 57a, and 57b) can be solved. Similarly, in the state where the lower
opening of the cylinder part 23 is blocked (FIGs. 21A, and 21B), a projection projecting along
theradia direction may be provided at the part of the second rod 42 that projects upward from
the top cap 260, and a detachabl e spacer may be attached between the projection and the top
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plate 61 of the top cap 260. Because this structure does not require the second locking groove
429 provided on the second rod 42, the problems such as the decrease in the strength of the rod
42 due to the second locking groove 42g and the decrease in the operability of the operation of
raising the blocking member 32 due to interference between the second locking groove 42g and
the O ring 56 can be solved.

[0164] The number of rods that hold the sliders 30 and 31 and the blocking member 32 is not
limited to the above-described embodiments, and can be changed appropriately. For example,
in the second embodiment, the slider 31 may be held by one first rod 41 and the blocking
member 32 may be held by two second rods 42.

[0165] Inthefirst and second embodiments, the gasket 50(51) is attached to the slider 30(31)
and the O ring 52 is attached to the blocking member 32 for forming aliquid-tight seal between
the gasket 50(51) and the inner peripheral surface of the cylinder part 23. It isto be noted that
the gasket 50(51) and the O ring 52 can be omitted by forming the slider 30(31) and the blocking
member 32 themselves with a material having rubber elasticity (also referred to as elastomer).

In this case, the materia having rubber elasticity that can be used is not particularly limited, and
rubber such as natural rubber, isoprene rubber, or silicone rubber; or athermoplastic elastomer
such as styrene elastomer, olefin elastomer, or polyurethane elastomer can be used.

[0166] Inthe first and second embodiments, blood is injected into the storage vessel 20 through
the injection port 64a provided on the top cap 60(260). The method of injecting blood, however,
isnot limited thereto.  For example, blood may be injected through the flow path(s) 40f (42f
and 32f) for recovering the leukocyte component or may be injected through the opening 25 of
the storage vessel 20 before attaching the top cap 60(260) to the storage vessel 20. In these
cases, the injection port 64a can be omitted.

[0167] The container for recovering the leukocyte component can be any container other than
the recovery device 150 shown in FIG. 11.

[0168] While the bellows adjusting mechanism is configured to compress the bellows structure
28 inthe vertical direction and adjust the amount of compression thereof in the first and second
embodiments, the bellows adjusting mechanism may be configured to expand the bellows
structure 28 in the vertical direction and adjust the amount of expansion thereof.

[0169] Whilethe male screw 93 and the female screw 83 that configure the bellows adjusting
mechanism for adjusting the expansion and compression amount of the bellows structure 28 are
formed on the support member 90 and the bottom cap 80, respectively, in the first and second
embodiments, the female screw may be formed on the support member 90 and the male screw
may be formed on the bottom cap 80.

[0170] The male screw 93 may be provided on a member other than the support member 90 or
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the female screw 83 may be provided on a member other than the bottom cap 80. For example,
at least one of the male screw 93 and the female screw 83 that configure the bellows adjusting
mechanism may be provided on the storage vessel 20. For example, the male screw 93 may be
provided at a higher level with respect to the bellows structure 28 of the storage vessel 20. In
this case, when the storage vessel 20 has such a strength as not to be deformed by a centrifugal
force during centrifugal separation, the support member 90 can be omitted. Alternatively, the
male screw 93 may be provided at alower level with respect to the bellows structure 28 of the
storage vessel 20. The skirt part 92 of the support member 90 may be extended downward and
afemale screw may be formed on the inner peripheral surface of the skirt part 92. The
expansion amount of the bellows structure 28 can be adjusted by rotating the support member 90
with respect to the storage vessel 20. In this case, the bottom cap 80 can be omitted.

[0171] While the bellows adjusting mechanism is configured to adjust the compression amount
of the bellows structure 28 by the rotational position between the support member 90 and the
bottom cap 80 and the engagement depth between the male screw 93 and the female screw 83 in
the first and second embodiments, the compression amount of the bellows structure 28 may be
adjusted by a method other than this.  For example, there may be a method of engaging the
support member 90 and the bottom cap 80 by interposing the plate-like member having a
thickness corresponding to the required compression amount of the bellows structure 28 between
the bottom plate 80b of the bottom cap 80 and the bottom plate 24b of the storage vessel 20.

The compression amount of the bellows structure 28 can be adjusted by changing the number of
plate-like members to be stacked or replacing with the plate-like members having different
thicknesses. Because the bottom plate 80b of the bottom cap 80 is substantially raised by the
plate-like member according to this method, without adjusting the engagement depth, the
bellows structure 28 can be compressed by a desired amount at the time when the bottom cap 80
is attached to the support member 90.

[0172] The volume adjusting mechanism for adjusting the volume of the storage vessel 20 is
not limited to the bellows structure 28.  For example, the volume adjusting mechanism can be
configured with a diaphragm, a piston, aballoon, or thelike.  The volume adjusting mechanism
can be provided, for example, in or adjacent to the auxiliary storage part 24. The volume of the
storage vessel 20 can be adjusted using the volume adjusting mechanism such that the buffy coat
isformed in the cylinder part 23 after centrifugal separation by obtaining the hematocrit value of
the blood before centrifugal separation.

[0173] Inthe above-described usage of the first embodiment, for pushing the leukocyte
component out of the storage vessel 20, the slider 30 is descended by the cylinder part 23.
However, the method of recovering the leukocyte component outside the storage vessel 20 using
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the device 1 of the first embodiment is not limited to this.  That is, asshown in FIG. 9, in the
state where the slider 30 isfitted into the upper opening (the opening on the first storage part 21
side) of the cylinder part 23 to block the communication between the first storage part 21 and the
second storage part 22, the volume of the second storage part 22 may be reduced by using the
volume adjusting mechanism (the bellows structure 28).  Asthe volume of the second storage
part 22 decreases, the blood component (e.g, leukocyte component) in contact with the lower
surface of the slider 30 can flow out of the storage vessel 20 through the flow path 40f. In this
usage of the device 1 (hereinafter, referred to as "another usage"), it is not required to move the
dlider 30 in the cylinder part 23 while maintaining aliquid-tight seal between the slider 30 and
the inner peripheral surface of the cylinder part 23. Because this makes it possible to ease the
accuracy of the inner peripheral surface of the cylinder part 23, thisis advantageous for
efficiently and inexpensively producing the entire storage vessel 20, for example, by a blow
molding method or the like. It isto be noted that, in another usage, because the slider 30 does
not move in the cylinder part 23, unlike the usage of the first embodiment, the slider 30 does not
scrapes off the leukocyte component attached to the inner peripheral surface of the cylinder part
23. However, because the volume of the auxiliary storage part 24 is reduced using the volume
adjusting mechanism in the state where the lower opening (opening on the auxiliary storage part
24 side) of the cylinder part 23, the possibility of unintentionally mixing the leukocyte
component with the erythrocyte component islow. From this point of view, another usage of
the device 1 can improve the recovery rate of the leukocyte component as compared to the case
of using a conventional device.

[0174] Inthe present invention, the volume adjustment mechanism for adjusting the volume of
the storage vessel 20 may be omitted. However, when the above-described another method is
performed using the device 1, the volume adjustment mechanism cannot be omitted.

[0175] The structure of the support member 90 for maintaining the shape of the storage vessel
20 isnot limited to the above-described examples, and can be any structure.  For example, the
support member is not limited to the one divided into two in the circumferential direction asin
the first and second embodiments, and the support member may be divided into three or morein
the circumferential direction. The support member may be configured with aplurality of
columnar members spaced from each other in the circumferential direction. In the case where
the storage vessel 20 has such a strength as not to be deformed by a centrifugal force during the
centrifugal separation, for example, by integrally forming a support member on the parts that
configure the storage vessel 20, a support member as a separate member from the storage vessel
20 may be omitted.

Industrial Applicability
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[0176] The application field of the present invention is not particularly limited, and can be

widely used in the medical field where blood is required to be centrifugally separated. In

particular, the present invention can be preferably used in the fields of separation of blood

components in the case of performing component transfusion of transfusing only necessary

components in blood to a patient, bone marrow transplantation mainly using the leukocyte

component, and regenerative medicine.

Reference Signs List

[0177]
1,2
20

21

22

23

24

28

30, 31
32
40f, 32f, 42f
40
40g
41
419g
42
429
110
150
151
152
1573, 157b
210
220

blood component separator

blood storage vessel

first storage part

second storage part

cylinder part

auxiliary storage part

bellows structure (volume adjusting mechanism)
dider

blocking member

flow path

rod (first rod)

locking groove (first locking mechanism)

first rod

first locking groove (first locking mechanism)
second rod

second locking groove (second locking mechanism)
locking member (first locking mechanism)
blood component recovery device

first container

second container

clamp (switching mechanism)

first locking member (first locking mechanism)
second locking member (second locking mechanism)
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CLAIMS

1. A blood component separator for use in centrifugal separation of blood, comprising:

a blood storage vessel including a first storage part and a second storage part;

a slider movable from the first storage part to the second storage part; and

a flow path for communicating an inside and an outside of the storage vessel, wherein

when the slider is in the first storage part, the first storage part and the second storage
part are in communication with each other,

when the slider is inserted into the second storage part, a liquid-tight seal is formed
between the slider and an inner peripheral surface of the second storage part and the
communication between the first storage part and the second storage part is blocked by the slider,

the slider is movable in the second storage part while maintaining the liquid-tight seal
between the slider and the inner peripheral surface of the second storage part, and

as the slider enters into the second storage part, a blood component in the second

storage part is pushed out of the storage vessel through the flow path.

2. The blood component separator according to claim 1, further comprising:
a first rod holding the slider and led out of the storage vessel, wherein

the flow path is provided in the first rod.

3. The blood component separator according to claim 1 or 2, further comprising:
a first locking mechanism that restricts movement of the slider in the first storage part

toward the second storage part.

4. The blood component separator according to any one of claims 1 to 3, wherein

the second storage part includes a cylinder part disposed adjacent to the first storage part,
and

the liquid-tight seal is formed between an inner peripheral surface of the cylinder part

and the slider.

5. The blood component separator according to claim 4, wherein

the inner peripheral surface of the cylinder part is a cylindrical surface.

6. The blood component separator according to claim 4 or 5, wherein

the second storage part includes an auxiliary storage part communicating with the first
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storage part through the cylinder part, and

the auxiliary storage part has an inner diameter larger than that of the cylinder part.

7. The blood component separator according to any one of claims 4 to 6, wherein

the second storage part includes an auxiliary storage part communicating with the first
storage part through the cylinder part, and

a blocking member that can block communication between the cylinder part and the

auxiliary storage part is provided in the second storage part.

8. The blood component separator according to claim 7, wherein

the blocking member is movable in the auxiliary storage part,

when the blocking member is in the auxiliary storage part, the cylinder part and the
auxiliary storage part are in communication with each other, and

when the blocking member is fitted into an opening on an auxiliary storage part side of
the cylinder part, the communication between the cylinder part and the auxiliary storage part is

blocked by the blocking member.

9. The blood component separator according to claim 7 or 8, further comprising:
a second rod holding the blocking member and led out of the storage vessel, wherein

the flow path is provided in the second rod.

10. The blood component separator according to any one of claims 7 to 9, further
comprising:
a second locking mechanism for maintaining a state where the blocking member blocks

the communication between the cylinder part and the auxiliary storage part.

11. The blood component separator according to any one of claims 1 to 10, further
comprising:

a vent port for communicating the first storage part and the outside of the storage vessel.

12. The blood component separator according to any one of claims 1 to 11, wherein
the second storage part is provided with a volume adjusting mechanism that can adjust a

volume of the storage vessel.
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13. The blood component separator according to any one of claims 1 to 12, further
comprising:

a blood component recovery device configured to recover the blood component pushed
out of the storage vessel through the flow path, wherein

the recovery device includes a first container, a second container, and a switching
mechanism configured to selectively communicate the flow path with either the first container or

the second container.

14. A blood component separator for use in centrifugal separation of blood, comprising:

a blood storage vessel including a first storage part and a second storage part;

a slider movable from the first storage part to the second storage part;

a flow path for communicating an inside and an outside of the storage vessel, and

a volume adjusting mechanism that can adjust a volume of the second storage part,
wherein

when the slider is in the first storage part, the first storage part and the second storage
part are in communication with each other,

when the slider is inserted into the second storage part, a liquid-tight seal is formed
between the slider and an inner peripheral surface of the second storage part and the
communication between the first storage part and the second storage part is blocked by the slider,
and

when the volume adjusting mechanism reduces the volume of the second storage part in
a state where the slider blocks the communication between the first storage part and the second
storage part, a blood component in the second storage part is pushed out of the storage vessel

through the flow path.



