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(57) Abrége/Abstract:

A two-chamber type prefilled syringe, wherein the interior of a glass tube body Is divided into a front chamber and a rear
chamber through a plurality of plug bodies and injection and the solution therefor are separately stored therein beforehand, an
end plug body (13) Is fitted to the tube body (2) on a tube base end part (4) side and middle plug bodies (14) are disposed
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(57) Abréege(suite)/Abstract(continued):
between a tube tip part (3) and the end plug body (13), a groove-like bypass (20) bulged to the outside Is formed In the Iinner

surface of the tube body (2) at a portion between the tube tip part (3) and the end plug body (14), the length of the bypass (20) In
the direction of the axis (19) of the tube body Is formed longer than the middle plug body (14), and the outward rise angle (6) of
the Inlet (21) side end face formed on the tube end part (4) side of the inner surface of the bypass (20) Is formed larger than
45°relative to the axis (19) of the tube body, whereby the possibility of occurrence of such an event that liquid such as solution is
spouted from the bypass when an operation to communicate the front chamber with the rear chamber Is performed can be

reduced, and the leakage of the liguid from the tip of an injection needle can be prevented satisfactorily.
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ABSTRACT

A dual-chamber type prefilled syringe comprises a
cylindrical member made of glass or the 1like, an
interior area of which 1s partitioned 1nto a front
chamber and a rear chamber by a plurality of plug
members. The respective chambers preliminarily and
independently contain injection medicine and  1ts
dissolving solution or the like.

An end plug member (13) 1is inserted and fitted
into a side of a base end portion (4) of the cylindrical
member (2). A middle plug member (14) 1s arranged
between a front end portion (3) and the end plug member
(13). The cylindrical member (2) has an 1inner surface
between the front end portion (3) and the end plug
member (14), projected outwards to provide a bypass (20)
shaped like a groove. The bypass (20) has a length 1in a
direction of an axis (19) of the cylindrical member (2),
which is made longer than the miliddle plug member (14).
The bypass (20) has an inner surface the end surface of
which is situated on a side of an 1nlet (21) formed on
the side of the base end portion (4) and uprises
outwards by an angle () which 1s formed larger than 45
degrees with respect to the axis (19) of the cylindrical
member (2).

It is possible to reduce a phenomenon 1in which
the dissolving solution or the 1like 1liquid agent
splashes out of the bypass when communicating the front
chamber with the rear chamber, which results 1n the
possibility of effectively preventing the leakage of the

liguid agent from a front end of an i1njection needle.
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SPECIFICATION

"Title: DUAL-CHAMBER TYPE PREFILLED SYRINGE

BACKGROUND OF THE INVENTION

Technical Field

The present invention relates to a dual-chamber
type prefilled syringe comprising a cylindrical member
made of glass or plastics an interior area of which 1is
partitioned into a front chamber and a rear chamber by a
plurality of plug members, the front chamber and the
rear chamber preliminarily and independently containing
an injection agent and 1ts dilssolving solution or the
like, respectively. More specifically. 1t concerns a
dual-chamber type prefilled syringe that suppresses, so-
called, water pistol phenomenon 1in which dissolving
solution or the 1like 1ligquid agent splashes out of a
bypass communicating both chambers with each other upon
the operation of communication to prevent the leakage of

the liguid agent from a front end of an injection needle.

Prior Art

There 1s a conventional example of the dual-
chamber type prefilled syringe disclosed 1in Japanese
Patent Public Disclosure No. 62-5357, which 1s provided
with two chambers formed within a cylindrical member by
a plurality of plug members. More specifically, as
shown 1in Fig. 11, this conventional technigque 1nserts

and fits a front plug member 62 1nto a side of a front
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end portion 53 with an 1injection needle attaching
portion 56 of a cylindrical member 52 and an end plug
member 63 1nto a side of a base end portion 54 formed
with an insertion 1inlet 55 for a plunger rod 57. A
middle plug member 64 1s arranged between both of the
plug members 62 and ©3 to hermetically partition an
interior area of the cylindrical member 52 into a front
chamber 65 on the side of the front end portion 53 and a
rear chamber 66 on the side of the base end portion 54.
An 1njection needle 58 1is attached to the injection
needle attaching portion 56 and 1is covered with a
protector cap 39.

The cylindrical member 52 has an 1inner surface
between the front plug member 62 and the middle plug
member 64, formed with a bypass 70 projecting outwards
and shaped like a groove. This bypass 70 has a length
in a direction of an axis 69 of the cylindrical member,
which 1is longer than the middle plug member 64. The
front chamber 65 contains, e.g., powdered medicine 67
and the rear chamber 66 accommodates dissolving solution
or the 1like 1liguid agent 68, respectively and
hermetically.

As for the conventional prefilled syringe 51,
when advancing the end plug member 63 by pushing forward
the plunger rod 57, the middle plug member 64 advances
with an 1nner ©pressure of the 1liquid agent 68
hermetically enclosed in the rear chamber 66. The front
plug member 62 also advances during an initial term of
the forward pushing of the plunger rod 57. The
injection needle attaching portion 56 has an 1interior
area formed with a plug member accommodating portion 60,
which has an 1inner peripheral wall concaved to provide
communication grooves ©61. Thus if the front plug member
62 advances to enter into the plug member accommodating

portion 60, the front chamber 65 communicates with the




10

15

20

29

30

39

CA 02457016 2004-02-12

injection needle 58 via the communication grooves 61 and
a clearance between the front plug member 62 and an
inner surface of the plug member accommodating portion
60. In this state, 1f the plunger rod 57 1s further
pushed forward, air within the front chamber 65 1is
discharged out of the injection needle 58 and the middle
plug member 64 advances to reach a position where the
bypass 70 1is formed. This allows the rear chamber 66
and the front chamber 65 to communilicate with each other

through the bypass 70. Therefore, when the plunger rod

57 is pushed forward, the liquid agent 68 within the
rear chamber 66 flows into the front chamber 65 through
the bypass 70. Then the powdered medicine 67 1s
suspended or dissolved in the flowed-in liquid agent ©8.

According to the foregoing conventional technique,
during an initial term of the communication between the
car chamber 66 and the front chamber 65, the liquid
agent 68 which passes through the bypass 70 owns soO

X

large a kinetic energy that for example, as shown in Fig.
12, this liquid agent 68 passes through and splashes out
of the bypass 70 as 1f 1t were a water pistol. 1In the
case where the liquid agent 68 splashes too vigorously,
there is a 1likelihood that it reaches the front end
portion 53 and collides against a rear surface of the
front plug member 02 within the plug memper
accommodating chamber 60 to flow into the communication
grooves 61 and the clearance between the front plug
member 62 and the inner surface of the plug member
accommodating portion 60. Fspecially, 1f the plunger
rod 57 1s pushed forward acceleratedly in order to carry
out this communicating operation guickly, the liqguid
agent 68 splashes out more vigorously to flow 1into the
grooves 61 and the clearance more easlly.

And once the 1ligquid agent 68 has entered the

communication grooves 61 or the like, 1t cannot readily
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return to the 1interior area of the front chamber ©5, so
that 1f the plunger rod 57 is pushed forward thereafter,
it is pushed out with the alr within the front chamber
65 to leak out of the injection needle 58. As a result,
there was caused not only a 1likelihood of dirtying or
damaging the surroundings of the dual-chambr type
prefilled syringe 51 by the liguid agent ©8 but also a
fear of shortage in a 1liquid amount required for
dissolving the powdered medicine 67 within the front
chamber 65 to result in inadequate dissolution.

The water pistol phenomenon has also occurred 1n
the dual-chamber type prefillled syringe which does not
use the front plug member. Accordingly, there was a
likelihood that the liquid agent which splashed out of
the bypass flowed into a communication passage between
the bypass and the injection needle to have leaked out
of the injection needle.

The present invention has a technical object to
solve the above-mentioned problem and provide a dual-
chamber type prefilled syringe that reduces the so-
called water pistol phenomenon in which the dissolving
solution or the like liguid agent splashes out of the
bypass when communicating the front chamber with the
rear chamber to prevent the liquid agent from leakilng

out of the front end of the injection needle.

Disclosure of the Invention

In order to accomplish the above object, the
present invention has constructed a dual-chamber type
prefilled syringe as follows, for example, 1if an
explanation is given based on Figs. 1 to 10 showing
embodiments of the present invention.

A first invention fits and inserts an end plug
member 13 into a side of a base end portion 4 formed

with an insertion 1inlet 5 for a plunger rod 7, of a
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cylindrical member 2. A middle plug member 14 1is
arranged between the end plug member 13 and a front end
portion 3 provided with an 1njection needle attaching
portion 6. The cylindrical member 2 has an interior
area hermetically partitioned into a front chamber 15 on
a side of the front end portion 3 and a rear chamber 10
on the side of the base end portion 4. The cylindrical
member 2 has an 1inner surface between the front end
portion 3 and the middle plug member 14, provided with a
bypass 20 which projects outwards and is shaped like a
groove. This bypass 20 has a length 1n a direction of
an axis 19 of the cylindrical member 2, which 1s longer
than the middle plug member 14. The bypass 20 has an
inner surface an end surface of which is positioned on a
side of an 1nlet 21 formed on the side of the base end
portion 4. The end surface uprises outwards by an angle
(68) which is larger than 45 degrees with respect to the
axis 19.

Owing to the foregoing construction, the present
invention offers the following advantages.

Since the bypass has the end surface on the 1nlet
side made to uprise at an angle larger than 45 degrees,
the ligquid agent which flows from the rear chamber 1into
this bypass 1is directed largely outwards and collildes
against a groove bottom surface of the bypass to have
part of 1ts kinetic energy absorbed. ‘As a result, it 1s
possible to reduce the so-called water pistol phenomenon
in which the dissolving solution or the 1like 1liquid
agent splashes out of the bypass and to prevent the
liquid agent which has splashed out of the bypass from
reaching the front end portion of the cylindrical member.
And eventually it 1is possible to inhibit the 1liquid
agent from leaking out of the front end of the injection
needle when communicating the front chamber with the

rear chamber.
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Further, thanks to the fact that the bypass has
the end surface on the 1inlet side made to uprise at a
large angle, a slight advancement of the middle plug
member rapldly 1increases the clearance formed between
the middle plug member and an inner surface of the
bypass to result in abruptly decreasing a flow speed of
the liquid agent which flows from the rear chamber into
the bypass, which can in turn more effectively suppress
the water pilistol phenomenon.

In addition, a second invention inserts and fits

the end plug member 13 into the side of the base end

portion 4 formed with the 1nsertion inlet 5 of the
plunger rod 7. The middle plug member 14 1s arranged
between the end plug member 13 and the front end portion
3 provided with the injection needle attaching portion 6.
The cylindrical member 2 has the 1interior area
hermetically partitioned into the front chamber 15 on
the side of the front end portion 3 and the rear chamber
16 on the side of the base end portion 4. The
cylindrical member 2 has the inner surface Dbetween the
front end portion 3 and the middle plug member 14,
formed with the bypass 20 which projects outwards and 1is
shaped like a groove. The bypass 20 has a length 1n the
direction of the axis 19 of the cylindrical member 2,
which 1s 1longer than the middle plug member 14. The
bypass 20 has a 1longitudinal direction 1inclined with
respect to the axis 19 of the cylindrical member 2.
Further, the Dbypass has the 1longitudinal direction
inclined with respect to the axis of the cylindrical
member by an angle which 1s preferably set to at least
10 degrees, more preferably at least 20 degrees, and
much more preferably at least 25 degrees.

The above construction offers the followiling

advantages.

Since the bypass has the longitudinal direction
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inclined with respect to the axis of the cylindrical
member, the liquid agent which flows from the rear
chamber 1nto the bypass collides against a lateral
surface on the side of the front end portion of the
bypass 1inner surface and further the liquid agent which
flows from the bypass into the front chamber circulates
along the inner surface of the c¢ylindrical member to
have part of 1its kinetic enerqgy absorbed. As a result,
it 1s possible to reduce the so-called water pistol

phenomenon in which the dissolving solution or the like

liquid agent splashes out of the bypass and to inhibit
the ligquid agent which has splashed out of the bypass
from reaching the front end portion of the cylindrical
member, which can in turn prohibit the liguid agent from
leaking out of the front end of the injection needle
when communicating the front chamber with the rear
chamber.

Moreover, the 1liquid agent which has flowed out
of the bypass obliquely circulates spirally, so that a
distance along a direction 1in which the 1liquid agent
circulates until it reaches the front end portion of the
cylindrical member becomes greater than a distance of
the axial direction of the cylindrical member. This
results in preventing the liquid agent from arriving at
the front end portion, thereby more effectively
inhibiting the leakage of the liquid agent from the
front end of the injection needle.

A third 1invention fits and inserts the end plug
member 13 into the side of the base end portion 4 formed
with the insertion 1nlet 5 for the plunger rod 7. The
middle plug member 14 1s arranged between the end plug
member 13 and the front end portion 3 provided with the
injection needle attaching portion 6. The cylindrical
member 2 has the interior area hermetically partitioned
into the front chamber 15 on the side of the front end
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portion 3 and the rear chamber 16 on the side of the
base end portion 4. The cylindrical member 2 has the
inner surface between the front end portion 3 and the
middle plug member 14, formed with the bypass 20
projecting outwards and shaped 1like a groove. This
bypass 20 has a length in the direction of the axis 19
of the cylindrical member 2, which 1s longer than the
middle plug member 14. The bypass 20 has a mid portion
provided with a bent portion 23. The bent portion 23
may be provided at a portion of the bypass, for example,
in the shape of an angled 'C' or at a plurality of

portions thereof.

The foregoing construction offers the followlng

advantages.

Since the bypass has the mid portion provided
with the bent portion, the liquid agent which flows from
the rear chamber into the bypass collides against the
inner surface of the bypass at the bent portion when it
passes through the bypass to result in having 1ts part
of kinetic energy absorbed. As a result, it 1s possible
to reduce the so-called water pistol phenomenon 1n which
the dissolving solution or the 1like 1liquid agent
splashes out of the bypass and to prevent the liquid
agent which has splashed out of the bypass from reaching
the front end portion of the cylindrical member, which
can in turn inhibit the leakage of the liquid agent from
the front end of the injection needle when communicating
the front chamber with the rear chamber.

A fourth invention fits and inserts the end plug
member 13 into the side of the base end portion 4 formed
with the insertion inlet 5 for the plunger rod 7. The
middle plug member 14 1s arranged between the end plug
member 13 and the front end portion 3 provided with the
injection needle attaching portion 6. The cylindrical

member 2 has the interior area hermetically partitioned




10

15

20

20

30

39

W e e T Y PR et s Ay g d | A MY

CA 02457016 2004-02-12

into the front chamber 15 on the side of the front end
portion 3 and the rear chamber 16 on the side of the
base end portion 4. The cylindrical member 2 has the
inner surface between the front end portion 3 and the
middle plug member 14, formed with a plurality of
bypasses 20 each projecting outwards and shaped like a
groove. These bypasses 20 1include a first bypass 20a on
the side of the base end portion 4 and a second bypass
20b on the side of the front end portion 3. The first
bypass 20a has a length in a direction of the axis 19 of
the cylindrical member 2, which 1s shorter than the
middle plug member 14. A length 1n the direction of the
axis 19 of the cylindrical member 2 from an inlet 2la of
the first bypass 20a to an outlet 22b of the second
bypass 20b is longer than the middle plug member 14.
The middle plug member 14 has an outer peripheral
surface concaved to form a groove 24 which communicates
the first bypass 20a and the second bypass 20b with each
other when the middle plug member 14 has moved to a
position where the bypasses 20 are formed.

The foregoing construction offers the following
advantages.

When the middle plug member has reached the
position where the bypasses are formed, the rear chamber
communicates with the front chamber via the first bypass,
the concaved groove and the second bypass 1n the
mentioned order. And the liquid agent which has flowed
from the rear chamber 1into the first bypass collides
against the end surface on the outlet side of the first
bypass to flow 1nto the concaved groove and collide
agalnst an inner surface of the same. Further, it flows
into the second bypass to collide against an inner
surface of the second bypass and then flow 1nto the
front chamber. Thus, when the 1liquid agent collides

against the end surface on the outlet side of the first
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bypass, the 1nner surface of the concaved groove and the
inner surface of the second bypass, 1t has part of 1its
kinetic energy absorbed. As a result, it is possible to
reduce the so-called water pistol phenomenon in which
the dissolving solution or the 1like 1ligquid agent
splashes out of the bypass and to prevent the 1liquid
agent splaéhed out of the bypass from reaching the front
end portion of the cylindrical member, which i1n turn can
inhibit the leakage of the 1ligquid agent from the front
end of the 1njection needle when communicating the front
chamber with the rear chamber.

In any one of the second to the fourth i1nventions,
the bypass 20 has the inner surface the end surface of
which 1s situated on the side of the inlet 21 formed on
the side of the base end portion 4 and uprises outwards
by an angle (6) which can be formed 1larger than 45
degrees with respect to the axis 19 of the cylindrical
member 2 as well as 1n the first invention.

Further, 1n each of the foregoing 1nventions, the
bypass 20 has the inner surface an end surface of which
is situated on a side of an outlet 22 formed on the side
of the front end portion 3 and uprises outwards by an
angle (0') which can be formed larger than 45 degrees
with respect to the axis 19 of the cylindrical member 2.

In this case, since the end surface on the outlet side

of the bypass uprises at an angle larger than 45 degrees,

the liquid agent which passes through the Dbypass
straightly collides agailnst this outlet side end surface
to have part of 1ts kinetic enerqgy absorbed and then
flows 1nto the front chamber. As a result, 1t 1is
possible to more effectively reduce the phenomenon in
which the dissolving solution or the 1like liquid agent
splashes out of the bypass and to prevent the 1liquid
agent splashed out of the bypass from reaching the front

end portion of the cylindrical member 2, which 1n turn
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more effectively can inhibit the leakage of the 1liquid
agent from the front end of the injection needle when
communicating the front chamber with the rear chamber.
In each of the above-mentioned 1inventions, the
inlet side end surface or the outlet side end surface of
the bypass uprises at an angle preferably set to at
least 50 degrees, more preferably to at least 60 degrees.
The uprising angle means an average angle at the mid
portion of the end surface. Accordingly, needless to
say, the end surface may be connected to the inner
surface of the cylindrical member or to the groove
bottom portion of the bypass, by a portion which

consists of a smooth curve.

Brief Description of the Drawings

Figs. 1 to 3 show a first embodiment of the
present 1nvention. Fig. 1 1s a sectional view of a
dual-chamber type prefilled syringe. Fig. 2 shows, 1n
an enlarged section, the neighborhood of a bypass when
conducting a communication operation. Fig. 3 1s a front
view of the bypass;

Fig. 4 shows a modification of the first
empbodiment and is similar to Fig. 3;

Fig. 5 shows a second

T .

embodiment of the present
invention and 1is a partly broken front view 1llustrating
the neighborhood of the bypass of the dual-chamber type
prefilled syrilnge; '

Fig. ©6 shows a third embodiment of the present
invention and 1s a partly broken front view i1llustrating
the neighborhood of the bypass of the dual-chamber type
prefilled syringe;

Fig. 7 shows respective modifications of the
third embodiment of the present invention. Figs. 7 (a)
to 7(d) are front views illustrating the bypass portions

of a first to a fourth modifications of the third
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embodiment, respectively;

Fig. 8 shows a fourth embodiment of the present
invention and 1illustrates, 1n an enlarged section, the
neighborhood o©of the bypass o0of the dual-chamber type
prefilled syringe when conducting the communicatilng
operation;

Fig. 9 shows a first modification of the fourth
embodiment and is similar to Fig. 8;

Fig. 10 show other modifications of the fourth
embodiment. Figs. 10(a) and 10(b) are front views of
the bypass portions of a second and a third
modifications of the fourth embodiment, respectively.
Fig. 10(c) 1s a partly broken front view showing the
bypass portion of a fourth modlification of the fourth
embodiment when carrying out the communicating
operation; and

Figs. 11 and 12 show prior art. Fig. 11 shows a
dual-chamber type prefilled syringe and 1s simlilar to

Fig. 1. Fig. 12 1s a view similar to Fig. 2.

Most Preferred Embodiments of the Invention

Hereafter, an explanation 1s given for the
embodiments of the present invention based on the
attached drawings.

Figs. 1 to 3 show a first embodiment. Fig. 1 1s a
sectional view of a dual-chamber type prefilled syringe.
Fig. 2 1llustrates, in an enlarged section, the
neighborhood of a bypass when conducing a communicating
operation. Fig. 3 1is a front view of the bypass portion.

As shown 1in Fig. 1, this dual-chamber type
prefilled syringe 1 comprlises a cylindrical member 2
made of glass or plastics, which 1is provided at 1ts
front end portion 3 with an injection needle attaching
portion © and at 1its base end portion 4 with an

insertion inlet 5 for a plunger rod 7.
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The injection needle attaching portion 6 has a
front end to which an injection needle 8 1s attached. A
protector cap 9 is covered around the injection needle 8.
Further, the injection needle attaching portion 6 has an

5 interior area formed with a plug member accommodating
portion 10 which has an inner peripheral wall concaved
to provide communication grooves 11.
The cylindrical member 2 has the front end
portion 3 into a side of which a front plug member 12 1is
10 inserted and fitted and has a base end portion into a
side of which an end plug member 13 is 1inserted and
fitted. A middle plug member 14 is arranged between the
both plug members 12 and 13. The cylindrical member 2
has an interior area hermetically partitioned 1into a
15 front chamber 15 on the side of the front end portion 3
and a rear chamber 16 on the side of the base end
portion 4. And the front chamber 15 accommodates, Ifor
example, powdered medicine 17 and the rear chamber 16
contains dissolving solution or the like liquid agent 18,
20 respectively and hermetically.

It 1is to Dbe noted that although 1n this
embodiment, the front chamber accommodates the powdered
medicine and the rear chamber contains dissolving
solution or the 1like 1liquid agent, this prefilled

25 syringe may contain liquid medicine in the front chamber
and a second ligquid medicine 1n the rear chamber.

In addition, in this embodiment, the middle plug
member 14 is composed of a plug member on the side of
the powdered medicine and another plug member on the

30 side of the 1liquid agent. However, needless to say,

according to the present invention, the middle plug
member may be composed of a single plug member.

The cylindrical member 2 has an inner surface

between the front plug member 12 and the middle plug

35 member 14, projected outwards to form a bypass 20 1n the




10

15

20

25

30

39

CA 02457016 2004-02-12

- 14 -

shape of a groove. This bypass 20 has a length 1n a
direction of an axis 19 of the cylindrical member 2,
which is longer than the middle plug member 14.

As shown 1in Fig. 2, the bypass 20 has an 1inner
surface an end surface of which i1s situated on a side of
an inlet 21 formed on the side of the base end portion 4
and uprises outwards by an angle (8) which 1s formed
larger than 45 degrees, for example, about 60 degrees
with respect to the axis 19 of the cylindrical member 2.
Besides, an end surface on a side of an outlet 22 formed
on the side of the front end portion 3 of the bypass 20
uprises outwards by an angle (') which 1s also set to
about 60 degrees with respect to the axis 19 of the
cylindrical member 2. As for the respective uprising
angles (06 and ©6’), the larger the Dbetter. But when
taking into consideration the readiness of forming the
bypass 20 and the smoothness of an outer surface of the
cylindrical member 2, they are generally formed within a
range of 50 degrees to 70 degrees.

An outer appearance of the bypass 20, as shown 1n
Fig. 3, is formed so as to have substantially a constant
width along the axis 19 of the cylindrical member 2.
However, the bypass 20 of the present invention 1s not
limited to the shape of the present embodiment. For
instance, like a modification shown in Fig. 4, a groove
width may be formed larger on the side of the outlet 22
than on the side of the 1inlet 21. For example, the
largest groove width on the side of the outlet 22 may be
formed 1.2 times to S5 times a width on the side of the
inlet 21. In this case, since a flow passage of the
ligquid agent within the bypass 20 1s enlarged, the
liguid agent flows from the bypass 20 into the front
chamber 15 at a reduced speed, which i1s more preferable.

Next, an explanation is given for a communicating

operation in which the front chamber 1is communicated
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with the rear chamber through the bypass and the liquid

agent 1s flowed 1nto the front chamber to dissolve or
suspend the powdered medicine.

Initially, the plunger rod 7 has 1ts front end
engaged in screw-thread relationship with the end plug
member 13 and 1s pushed forward, thereby advancing the
end plug member 13 to advance the middle plug member 14
with an 1inner ©pressure of the 1ligquid agent 18
hermetically contained in the rear chamber 1l6. Further,
with a pressure in the front chamber 15 increased, the
front plug member 12 also advances. When this front
plug member 12 advances and enters 1nto the plug member
accommodating portion 10, the front chamber 15
communicates with the 1njection needle 8 wvia the
communication grooves 11 and a clearance between the
front plug member 12 and an 1inner surface of the plug
member accommodating portion 10.

On further pushing forward plunger rod 7 1n thils
state, air within the front chamber 15 1s discharged out
of the injection needle 8 and the middle plug member 14
advances to reach a position where the bypass 20 1s
formed, as shown in Fig. 2.

When a rear end of the middle plug member 14
advances over the end surface on the side of the 1nlet
21 of the bypass 20, the rear chamber 16 communicates
with the front chamber 15 through the bypass 20, so that
the liguid agent 18 within the rear chamber 16 tries to
flow into the front chamber vigorously via the bypass 20
if the plunger rod 7 1s pushed forward.

At this time, the 1liquid agent 18 which flows
from the rear chamber 16 into the bypass 20 1s oriented
outwards largely because the end surface on the side of
the inlet 21 of the bypass 20 uprises at an angle (9)
formed to about 60 degrees, and it collides against the

groove bottom surface of the bypass 20 to have part of
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1ts kinetic energy absorbed. Further, this liquid agent
18 passes through the bypass 20 straightly. However,
the end surface on the side of the outlet 22 also
uprises at an angle (6') formed to about 60 degrees, so
that 1t collides against this end surface as well to
have also part of its kinetic energy absorbed at this
time. Meanwhile, since the end surface on the side of
the inlet 21 uprises at a large angle (86) to result in
quickly enlarging the clearance between the middle plug
member 14 and the inner surface of the bypass 20 through
even a slight advancement of the middle plug member 14,
the liquid agent 18 flows from the rear chamber 16 into
the bypass 20 at a abruptly reduced speed. As a result,
the liquid agent 18 moderately flows and enters from the
bypass 20 into the front chamber 15.

When pushing the plunger rod 7 forward to further
advance the end plug member 13, almost whole amount of
the liquid agent 18 within the rear chamber 16 flows
into the front chamber 15 via the bypass 20 to bring the
end plug member 13 into contact with the middle plug
member 14. |

On further pushing the plunger rod 7 forward to
advance the end plug member 13, the middle plug member
14 has a front end advanced ahead of the outlet 22 of
the bypass 20 to clog the bypass 20. This terminates
the communicating operation. In this state, 1if the
dual-chamber type prefilled syringe 1 is shook or the
like, the powdered medicine 17 is suspended or dissolved
in the liquid agent 18 to complete the preparation for
administering the medicine.

Fig. 5 shows a second embodiment of the present
invention and 1is a partly broken front view of the
neighborhood of the bypass of the dual-chamber type
prefilled syringe.

In this second embodiment, the cylindrical member
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2 1s formed with the bypass 20 1n the shape of a groove,
which projects outwards and has 1ts longitudinal
direction inclined by an angle of about 20 degrees with
respect to the axis 19 of the cylindrical member 2. The

5 bypass 20 has a length in the direction of the axis 19
of the cylindrical member 2, which 1is made longer than
the middle plug member 14.

The other construction 1s the same as that of the
first embodiment and therefore we refrain from

10 explaining 1it.

In this second embodiment, 1like 1n the first
embodiment, the middle plug member 14 reaches the
position where the bypass 20 1s formed, on conductilng
the communicating operation. When the middle plug

15 member 14 has its rear end advanced ahead of the 1inlet
21 of the bypass 20, the rear chamber 16 communicates
with the front chamber 15 through the bypass 20.
Thus the liguid agent 18 within the rear chamber
16 flows into the front chamber 15 via the bypass 20.
20 However, at this time, since the bypass 20 has 1ts
longitudinal direction inclined with respect to the axis
19 of the cylindrical member 2, the ligquid agent 18
which flows into the bypass 20 collides against a
lateral surface which 1s situated on the side of the
25 front end portion, of the inner surface of the bypass 20
to have part of its kinetic energy absorbed. In
addition, the 1liguid agent 18 which flows from the
bypass 20 into the front chamber 15 i1s circulated along
the inner surface of the cylindrical member 2, thereby
30 having part of its kinetic energy absorbed as well.

Moreover, the liguid agent 18 which flows out of
the bypass 20 circulates spirally, so that 1t reaches
the front plug member at the front end portion 3 by a
distance which is longer than that by which it goes

35 straight along the direction of the axis 19 of the
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cylindrical member 2. As a result, it 1s possible to
prevent the 1ligqulid agent 18 which flows out of the
bypass 20 from arriving at the front end portion

Fig. © shows a third embodiment of the present
invention and 1s a partly broken front view of the
neighborhood o¢f the bypass of the dual-chamber type
prefilled syringe.

In this third embodiment, the cylindrical member
2 18 formed with the bypass 20 1in the shape of the
groove, which is provided at its mid portion with a bent
portion 23 formed in the shape of an angled 'C'. And
the bypass 20 has a length 1n the direction of the axis
19 of the cylindrical member, which 1s longer than the
middle plug member 14.

The other construction 1s the same as that of the
first embodiment and therefore we refrain from
explaining 1t.

Also 1n this third embodiment, like 1n the first
embodiment, the middle plug member 14 reaches the
position where the bypass 20 1s formed, on conducting
the communicating operation. When the middle plug
member 14 has 1ts rear end advanced ahead of the 1nlet
21 of the bypass 20, the rear chamber 16 communicates
with the front chamber 15 through this bypass 20.

Thus the liquid agent 18 within the rear chamber
16 flows into the front chamber 15 via the bypass 20.
However, at this time, the 1liquid agent 18 collides
against the 1inner surface of the bypass 20 at the bent
portion 23 to have part of its kinetic energy absorbed.

Further, 1n this third embodiment, as shown 1in
Fig. ©6, the bypass 20 1s inclined with respect to the
axls 19 of the cylindrical member on the side of the
outlet 22 and the liquid agent 18 which flows from the
bypass 20 into the front chamber 15 1s circulated along

the inner surface of the cylindrical member 2 as well as
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in the second embodiment, thereby having part of its
Kinetic energy absorbed. Besides, since the 1liquid
agent 18 which has flowed into the front chamber 15
circulates along the 1inner surface of the cylindrical
member 2, 1t reaches the front plug member at the front
end portion by a distance longer than that by which it
goes straight along the direction of the axis 19 of the
cylindrical member 2 as 1n the second embodiment. From
this point of view, 1t is possible to prevent the liquid
agent 18 which flows out of the bypass 20 from arriving
at the front end portion of the cylindrical member.

In the foregoing third embodiment, the bypass is
formed 1n the shape of the angled 'C'. However, the
above-mentioned bent portion may be provided at optional
one or more than one positions at the mid portion of the
bypass like the respective modifications as shown in Fig.
7.

More speclifically, the first modification shown
in Fig. 7(a) 1s the same as the third embodiment in that

the bent portion 23 is provided at one position of the

mid portion of the bypass 20. But the bypass 20 has a
portion extending from this bent portion 23 toward the
side of the inlet 21, formed along the axis 19 of the
cylindrical member 2 and has another portion which
extends from the bent portion 23 toward the side of the
outlet 22, inclined with respect to the axis 19 of the
cylindrical member 2. Moreover, each of the second to
fourth modifications shown 1in Figs. 7(b) to 7(d) 1is
formed with bent portions (23, 23) at two positions of
the bypass 20.

Fig. 8 shows a fourth embodiment and i1is a
sectional view of the neighborhood of the bypass of the
dual-chamber type prefilled syringe.

In this fourth embodiment, the cylindrical member

2 1s formed with two bypasses 20 which consist of a
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first bypass 20a on the side of the base end portion and
a second bypass 20b on the side of the font end portion.

The first bypass 20a has a length 1n the
direction of the axis 19 of the cylindrical member 2,
which 1is shorter than the middle plug member 14. A
length in the direction of the axis 19 of the
cylindrical member 2 which extends from the 1nlet 2la of
the first bypass 20a to the outlet 22b of the second
bypass 20b is formed longer than the middle plug member
14.

The middle plug member 14 has a peripheral
surface concaved to form a groove 24. When the middle
plug member 14 has moved to the position where the
bypasses 20 are formed, the first bypass 20a has the
outlet 22a communicated with the inlet 21b of the second
bypass 20b through the groove 24.

The other construction is the same as that of the
first embodiment and we refrain from explaining it.

In this fourth embodiment, when the middle plug
member 14 has reached the position where the bypasses 20
are formed and the middle plug member 14 has a rear end
advanced ahead of the inlet 2la of the first bypass 20a
on conducing the communication operation, the rear
chamber 16 communicates with the front chamber 15 via
the first bypass 20a, the concaved groove 24 and the
second bypass 20b in the mentioned order.

Thus the liquid agent 18 within the rear chamber
16 flows into the first bypass 20a. However, since the
first bypass 20a is shorter than the middle plug member
14, the liquid agent 18 collides against the outlet 22Za
of the first bypass 20a and flows into the groove 24.
And when it flows into the second bypass 20b after 1t
has collided against an inner surface of the groove 24,
it also collides against an inner surface of the second

bypass 20b and thereafter flows into the front chamber
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15. In consequence, the liquid agent 18 has part of its
kinetlic energy absorbed when it collides against the
outlet 22a of the first bypass 20a, the inner surface of
the concaved groove 24 and the inner surface of the
second bypass 20b to result in flowing moderately and
entering the front chamber 15.

In the fourth embodiment, the first bypass 20a is
arranged side by side with the second bypass 20b in the
direction of the axis 19 of the cylindrical member 2.
However, the first bypass 20a may be arranged at a
position peripherally different from another position
where the second bypass 20b is formed.

For example, 1n a first modification as shown in
Fig. 9, the first bypass 20a is arranged opposite to the
second bypass 20b 1n a peripheral direction of the
cylindrical member 2. If they are constructed as such,
the 1inlet 21b of the second bypass 20b can be arranged
pehind the outlet 22a of the first Dbypass 20a.
Accordingly, the groove 24 formed by concaving the
middle plug member 14 can be made to have a narrow width.

Additionally, the bypass can be modified as shown
in Fig. 10.

More specifically, 1in a second modification as
shown 1in Fig. 10(a), the second bypass 20b has its
longitudinal direction inclined with respect to the axis
19 of the cylindrical member 2.

In a third modification as shown in Fig. 10(b), a
plurality of second bypasses 20b, 20b are formed on the
opposite sides of the first bypass 20a.

In a fourth modification as shown in Fig. 10(c),
a plurality of third bypasses 20c, 20c are formed over
the opposite sides of the first bypass 20a and the
second bypass 20b. In this fourth modification, the

groove 24 formed by concaving the outer peripheral

surface of the middle plug member 14 consists of a first
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concaved groove Z24a which communicates the first bypass
20a with one third bypass 20c and a second concaved
groove 24b which communicates the other third bypass 20c
with the second bypass 20b.

In each of the above-mentioned embodiments, the
explanation has been given for the dual-chamber type
prefilled syringe with the front plug member. However,
needless to say, the present invention is applicable to
a dual-chamber type prefilled syringe without the front
plug member.
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What i1is claimed is:

1. A dual-chamber type prefilled syringe
comprising a cylindrical member (Z2) which has a base end
portion (4) formed with an 1insertion 1inlet (&) for a
plunger rod (7) and a front end portion (3) provided
with an injection needle attaching portion (6), an end
plug member (13) being inserted and fitted into a side
of the base end portion (4), a middle plug member (14)
being arranged between the front end portion (3) and the
end plug member (13), the cylindrical member (2) having
an interior area hermetically partitioned into a front
chamber (15) on a side of the front end portion (3) and
a rear chamber (16) on the side of the base end portion
(4),

the cylindrical member (2) having an 1inner
surface between the front end portion (3) and the middle
plug member (14), projected outwards to form a Dbypass
(20) in the shape of a groove, the bypass (20) having a
length in a direction of an axis (19) of the cylindrical
member (2), which is made longer than the middle plug
member (14),

the bypass (20) having an 1inner surface an end
surface of which i1is situated on a side of an inlet (21)
formed on the side of the base end portion (4) and
uprises outwards by an angle (6) which 1s made larger
than 45 degrees with respect to the axis (19) of the
cylindrical member (2).

2 . A dual-chamber type prefilled syringe
comprising a cylindrical member (2) which has a base end
portion (4) formed with an 1insertion inlet (5) for a
plunger rod (7) and a front end portion (3) provided
with an injection needle attaching portion (6), an end
plug member (13) being inserted and fitted 1into a side
of the base end portion (4), a middle plug member (14)

being arranged between the front end portion (3) and the
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end plug member (13), the cylindrical member (2) having
an 1nterior area hermetically partitioned into a front
chamber (15) on a side of the front end portion (3) and
a rear chamber (16) on the side of the base end portion
(4),

the c¢ylindrical member (2) having an 1nner
surface between the front end portion (3) and the middle
plug member (14), projected outwards to form a bypass
(20) in the shape of a groove, the bypass (20) having a
length 1n a direction of an axis (19) of the cylindrical
member (2), which i1s made longer than the middle plug
member (14),

the bypass (20) having a longitudinal direction
inclined with respect to the axis (19) of the
cylindrical member (2).

3. A dual-chamber type prefilled syringe
comprising a cylindrical member (2) which has a base end
portion (4) formed with an 1insertion 1inlet (5) for a
plunger rod (7) and a front end portion (3) provided
with an injection needle attaching portion (6), an end
plug member (13) being inserted and fitted into a side
of the base end portion (4), a middle plug member (14)
being arranged between the front end portion (3) and the
end plug member (13), the cylindrical member (2) having
an interior area hermetically partitioned into a front
chamber (15) on a side of the front end portion (3) and
a rear chamber (le) on the side of the base end portion
(4), _

the c¢ylindrical member (2) having an 1lnner
surface between the front end portion (3) and the middle
plug member (14), projected outwards to form a bypass
(20) 1in the shape of a groove, the bypass (20) having a
length in a direction of an axis (19) of the cylindrical

member (2), which 1s made longer than the middle plug
member (14),
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the bypass (20) having a mid portion provided
with a bent portion (23).

4. A dual—-chamber type prefilled syringe
comprising a cylindrical member (2) which has a base end
portion (4) formed with an insertion inlet (5) for a
plunger rod (7) and a front end portion (3) provided
with an 1injection needle attaching portion (6), an end
rlug member (13) being 1nserted and fitted into a side
of the base end portion (4), a middle plug member (14)
being arranged between the front end portion (3) and the
end plug member (13), the cylindrical member (2) having
an interior area hermetically partitioned into a front
chamber (15) on a side of the front end portion (3) and
a rear chamber (16) on the side of the base end portion
(4),

the <c¢ylindrical member (2) having an 1nner
surface between the front end portion (3) and the middle
plug member (l14), projected outwards to form a plurality
of bypasses (20) each 1in the shape of a groove, the
bypasses (20) including a first bypass (20a) on the side
of the base end portion (4) and a second bypass (20b) on
the side of the font end portion (3),

the first bypass (20a) having a length 1n a
direction of an axis (19) of the cylindrical member (2),
which is made shorter than the middle plug member (14),
a length from an inlet (2l1a) of the first bypass (Z20a)
to an outlet (22b) of the second bypass (20b) being
formed longer than the middle plug member (14),

the middle plug member (14) having an outer
peripheral surface concaved to provide a groove (24)
which communicates the first bypass (20a) with the
second bypass (20b) when the middle plug member (14) has
reached a position where the bypasses (20) are formed.

5. The dual-chamber type prefilled syringe as set

forth in any one of claims 2 to 4, wherein an end
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surface of the inner surface of the bypass (20) is
situated on a side of an inlet (21) formed on the side
of the base end portion 4 and uprises outwards by an
angle () which 1s larger than 45 degrees with respect
to the axis 19 of the cylindrical member (2).

6. The dual-chamber type prefilled syringe as set
forth 1n any one of claims 1 to 5, wherein an end
surface of the inner surface of the bypass (20) 1is
situated on a side of an outlet (22) formed on the side
of the front end portion (3) and uprises outwards by an
angle (6') which 1s larger than 45 degrees with respect
to the axis (19) of the cylindrical member (2).

Patent Agents
Fetherstonhaugh & Co.
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Fig. 12
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