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PREFILLED SYRI NGE FI ELD OF THE | NVENTI ON The prese gentlon NS Iates
generally to a prefilled syringe, and nore partic HIWW to-a‘prefilled
syringe capabl e of separate storage of at |east- two di fterent substances
before use, wherein one of the substances is for exanple ,a_nedicinal

_ conponent .and the other is for exanple a vehicle such -as [gyd ent

0'r a di spersing agent, as the CapPREFTRYEDESYRINGEhi s speci | |catfgg'rﬁﬁs BEgN
"prefilled"” or "filled" relates to a syringe in which a fiteps

\sgo*ed until use. This is in contrast to storing the medi canent Separately

" ffomthe syringe in a vial and then drawing it from the-vi al with the
syringe immediately prior to EEELD OF THE INVENTION

The present invention relates generally to a prefilled

syringe, and more'particularly to a brefilled syringe capable of

. separate storage of at least two‘different substances before use,
wherein one of the Substances-is for example a medicigal coTponent and
the other is for example a vehicle such as a dissolving agent or a
disperSing'agént; és the case may be. In this specification the term

~ "prefilled" or “filled" relétes.to-a syrihge in which a medicament is
stored until use. This is in contrast to storing the medicaﬁeht

: separately from the syringe in a vial and then drawing it from the

vial with the syringe'immediately.prior to use.
BACKGROUND OF THE INVENTION

In order to explain the background of the 1nvention; a
prefilled syringe of a known type will be described by reférence to
Figures 15 to 19:

The exemplary prefilled syringe includes a -tubular body 31 and
.a plunger 32 with a rod. The tubular body 31 has a front compartment
34 and a rear compartment 35 separated by a partition 33 which is
movable axially with the tubular body 31. The front compartment 34

includes a bypass 36 produced in the form of a recess. So long as
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BACKGROUND OF THE I NVENTION I n order to expl ai n ‘'the back tmd” of - T Repeen
invention, a prefilled syringe of a known type wil],. be dest ?2%?5 D -
reference to Figures 15 to 19: The exenplary prefilled Syy i ng ncl udes

a:tubul ar body 31 and a plunger 32 with a rod. The tubul ar body 31 has a
front conpartnent- 34-and a rear conpartnent 35 separated by a partition 33

Whi ch is geyaiirtitionl BY stdys tihethebbéay doapardhentas f rivnseparaesd ronet 34
i ncl udes a bypass 36 produced in the formof a recess. So |ong as

two compartments 34 and 35 from each other .in a sealing manner as

/)

shown in Figure 15 but when it is moved into the front cqmpartment 34,
an opening is formed between the partition 33 and thelbypass 36 in
the front compartment 34. The mbvement of the partition 33 is
performed by pushing the plunger'32. When the partition.33 is moved
into the front cbmpartment'3u, the liquid contained in the rear
compartment 35 is introduced intolthe front compartmggt'su fhrough the
bypass 36 and dissolves or disperses the medicinal component 1n_the
front compartment 34 or becomes mixed therewith, as the case may be.
In this way an injection liquid is obtained in the front compartment
34, and is ready to be ejected from the tubular body 31. This
exempfqry prefilled syringe is disclosed in Japanese Patent
Publication (allowed) No. L49-14465.

- Figufe 19 shows a modified version in which the partition 33
is provided with ring-shaped ribs 33a so as to enable the partition
35 to smoothly slide on and along the inside wall of the tubular body
31 with minimum contact therewith. The exemplary prefilled syringes
have the following problems: '

‘The front compartment 3U is filled with a powdery ﬁedicinal
component. When the medicinal component is liquid, it is first filled
in the front compartment 34 and then fréeze*dried into a powdery
state as shownlin Figure‘17. A vehicle L for dissolving or dispersing
the medicinél component P is placed in the rear compartment 35. In

this way a finished syringe is obtained. If the vehicle L is to be
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the partition 33 stays in the rear conpartment 35, it sepianss SISERTH#AS BN
conpartments 34-and 35 from each other in a sealing mannefr as FEREAHFD n
Figure 15 but when it is noved into the front conpartnment=34—aropening | s
formed between the partition 33 and the bypass 36 in the front conpartnent
34.  The novenent- of--the partition 33 is -perfornmed by pushing the plunger
32, \Whengtdie 1Naidd fb%yoﬁtéﬁm', StH® Véyfh fingie0 16Nl 686d by @meapt BFnas 3slionan
liquid contained in the rear conpartment 35 is introduced.into the front
conpar t mepi g tifr.ougbuéher Pyass steamnstelr Hswatéenots diikedysée dbmature
nmedi ci nal conponent in_the front conpartnent 34 or becones ni xed therewth,
as the catke medibénal rednipionentyP ain itheefronth compartmens 3H: aj A@ salubion

front conpartnment 34, and Is ready to be ejected fromthe tubular_body 31.
Thi s o this problem, an alternative method is that after the vehicle L7is

sterilized by steam, the medicinal powder P is placed in the front
compartment 34. However, this method is disadvantageous in that
droplets of water or'moisture from the steam are likely to stay on or
impregnate or penetrate and later escape from the pagtition 33
(commonly made of rubber), thereby detrimentally wetting the
desiccated powdery medicinal component P. | '

Since a powdery medicinal component tends to become unstable
in the presence of water, it iS’eséential to dry out at least the

" side ofithe ﬁartition 33 facing the front compartment 34 which
contains a desiccated powdery injection. It is'common'practiée to -
dry the syringe at a température of -100°C or more for hours but this
high températpre unfavorably affects the vehicle L in the rear
compartment 35. As a result, this high temperature heat-drying
method cannot be adopted.

It is common practice to provide the partition 33 with'annulaf
or ring-shaped ribs 33a along the periphery so as to reduce friction
between the parition 33 and the inside wall of the body 33. Inithis
case, they unavoidably form one or more ring-shaped grooveé (G)
therebetween. These grooves (G) trap the injection liquid when the
injection liquid is ejected from the rear compaﬁtment'35 to the front

compartment 34 so that the injJection liquid remains unused in the
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exenpl ar refilled syringe is disclosed in Japanese Paten PUb:idejgﬂk
(alFEmed? Rb. 49-1446%. Figure 19 shows a nndified\yersion'ﬂﬂsﬁﬁE%@HTh@jN
partition 33 is provided with ring-shaped ribs 33a so as t p -endBFEAETe
partition 33 to snmoothly slide on and along the inside wal —of~The tubul ar
body 31 with m nimum-contact therewith. The exenplary prefilled syringes
have the gpbéves r(@)r oBpestriddEly/ tie daTeetio®MigiAd Isf pibred WAy
powdery medi ci nal conponent. Wien'the nedicinal conponent is liquid, Tt is
first filthcough ttiee fbypass Bhatuterthe3#ibsd3ghesateregondrortliatldquid
pbwdery state as shown in Figure 17. A vehicle L for dissolving.or

di sper si ngheonghethei hiapassnBénend Riversl dtedircunferead:aldypdniteethe3s.
In . '

grooves (G) where it is trapped and remaiﬁs unused. This results in a
waste of the injection liquid.

In using a prefilled syringe, it is important to mix the
medicinal component and the vehicle into a homogeneous injection
liquid. Normaily, 1mmediate1y prior.to use, thé syginge %s Swung by
hand to mix these substances. However, a difficulty arises in
pushing the plunger to the appropfiate position; if the plunger is
pushed excessively into the tubular body,lit is likely that the -
medicinal component and vehicle are injected through'the syringe
without‘being“sﬁfficiently mixed. If the plunger stays in the midst
of the bypass 36, backflow of the liquid is likely to occur from the
front compartment to the rear cdmpartment.' If the insertion of the
plunger is short of the appropriate distanée,.the vehicle L in the
réar compartment fails to enter the front compartment through the
bypass. .

In order to solve this problem, applicénts have considered
indicia or markings at an appropriate position on the plunéer where
"the plunger is to be stopped. This marking method encounters the
difficulty of how to retain the plungerltemporarily from axial
'mbveﬁent relativé to the tubular body while the mixing is effected by.
swinging the syringe. Besides, attention must be constantly paid to
the marking while the rod is pushed. The conventional prefilled
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this_ﬁay a finished syringe is obtained. If the vehicle L is _to _be 3
sterilized by steam the syringe is closed by a cap 37 as shawmsbnefﬂQN$BEE
17. " However, this steamsterilization is likely to denature|the gadncimal

conponent

Pin the front conmpartnent 34. As a solution to this-problem

ATl

alternative nethod is that after the vehicle L is sterilized by steam the

HRLEES Hiee, BeChérit Pﬁa'r‘ﬁ‘iwl[)ﬁéi %tl%%?fﬁm. sture from the

steanlare Ilkely to stay on or

nedi ci nal
met hod i s

SUMMARY OF THE INVENTION

~ A prefilled syringe according to the present invention

includes a. tubular body having a front end closable by a plug and

adapted to accept an injection needle and a rear end closable by a
plunger with a rod, a movable partition dividing the. interior space of

the tubular body into a front compartment and a rear compartment in a

Sealing manner, the partition including a front part and a second

part which are 1ndependent_of each other, the front compartment
storing a first substance and the rear compartment storing a second
substaﬁce, aﬁd a.bypass produced in the front compartment with the
partition being axially shorter than the bypass so -as to introduce the

second substance into the front compartment therethrough when the

. partition is moved into the front compartment under pressure provided

by the plunger, thereby effecting a predetermined action such as
dispersing or dissolving between the first and second substances.in
the front compartment.

According tb another.aspect of the pﬁésent invention, the
prefilled syringe;includes a tubular body having a front end cloéable
by a plug and adapted to accept an injection needle and a rear end
cloSable by a plunéer with a rod which is movable in the tubular
bpdy, a movable partition:dividing the interior space of the tubular

body into a front compartment and a rear compartment in a sealing
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| npregnate or penetrate and | ater escape fromthe partiti
Jrade of rubber), thereby detrinentally wetting the, desicc
medi ci nal conponent P. Since a powdery nedi ci nal conponen e—tTcone
unstable in the presence of water, it is essential to dry ©ut at |east the
side of the partition 33 facing the front conpartment 34 which contains a
desi ccat emammemjerthei fpent icomparthent storingra fHasti sebstancedandt the yeairnge
at a tenmperature of 100[err] or nore for hours. but this high tenperature- - -
unf avor abtgmpdfementt Aborbhgchesecond t sebstanceorife pantiitd®dn incladisgul t,
this high tenperature heat-drying nmethod cannot be adopted. It i-s common
practi ce chrgpmfereatizldypertending pingishapad first ribs along the periphery

thereof with a-ring—shaped groove intefposed therebetween and second

transverse ribs for bridging and subdividing the groove into small
recesses, the second ribs.having the same height as that of the ring-
shaped first ribs; and a bypasé produced in the front compartment so
‘as to introduce the second substance into the front c?mpartmeﬁt
therethrough when the partition is moved into the front compartment
under pressure provided by the plunger, thereby effgcﬁiﬁg a
predetermined action such as dispersing or dissolving between the
first and second substances in the front compartment.
'\The Syringe and rod may be respectively provided with an
engaging means for enabling the plunger to stop at an appropriate
~position so that the predetermined action such‘as dispefsing or
dissolving is carried out with the two substances being fully
cénfined in the front compartment.

Thus, the invention described hergin has the advantages of.(1)
providing a prefilled syringe which protects the first'substance in
the front compartment against a.pre;treatment such as steam
sterilization applied to the second substance stbred in the rear
compértment, (2) which preveﬁts the injection liquid from staying
behind and remaining unused in the syringe, and (3) which.provides

- obtimum conditions for swinging the syringe for stirring the

substances in the front compartment.

o —
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or ring-shaped ribs 33a along the periphery so as to reduce friction

‘bet ween the parition 33 and the inside wall: of the_ body SaﬂabﬂEEhHSQBEQE§
t hey unavoi dably form one or nore ring-shaped grooves (G therm%&ﬂﬂken !
These grooves (G trap the injection liquid when the injeetien—t-ietidTs
ejected fromthe rear conpartnent 35 to the front conpartnent 34 so that
~tfie injection |i Quieder a@ BEhufUaGvantagd of tHeOpYesen® inveRtcohi gally,
the injection liquid is pushed axially through the bypass 36, but the ribs

33a catcmenvmeCﬁpphﬁehtqmbdUwvsnﬂskitmemypmSBhBGanndudbneMbading and
ctrcunferentially into the

understanding the following detailed description with reference to the

accompanying figures..
BRIEF DESCRIPTION OF THE DRAWINGS

This invention may be better understood,gnd its numerous
objects and advantages will become apparent to those skilled in the
art by reference to the accompanying drawings as follows:

. Figure 1 is a schematic cross-section view'through'an
embodiment of the present invention, |

Figures 2(A) and 2(B) show a process of assembling the
syringe, wherein Figure 2(A) shouws a first step:iat which a vehicle is
put in one compartment and Figure 2(B) shows a second step at which a
medicinal component is put in the other compartment;

Figure 3 is a,cross—section through the syringe of Figure 1
which is provided with a cap into which the plug slides and.an
injection needle fixed to the cap;

Figureiu is a cross—-section through the syringe of Figure 3
which is in use;

Figure 5 is a cross-section through the syringe.which is
provided with a stationary plug and a double-pointed 1njection needle

‘in the forward open end;

Figures 6 to 9 show various types of plugs and the front part
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grooves (G where it is trapped and renains unused. This results. in a wast e
'of the injection liquid. In using a prefilled syringe, it r
m X the medici nal conponent and the vehicle into a honogenbéﬁSSHHﬂH@U;aﬁu
liquid. Nornmally, immediately prior to use, the syringe |q.smuﬁ§Fbyﬂ3ﬁnd t
m x these substances. However, a difficulty arises in push
td the amft ct.pelpmetmﬁsnt i1sed {inf cMiﬁnpthmgenithsi@sbsﬂe@b@mpllugi y into the
tubul ar body, it is likely that the nedicinal conponent and vehicle are
?] ected t hroughFigereyid igeaverdssisbetian thi-bugh enidegontxexamplie oifethe
pfunger stays in the mdst of the bypass 36, backflow of the liquid is
likely tenbodimentomthe' front conpartnent to the rear conpartnment. |f

the insertion of ﬁlgure 11 is a perspective view showing the partition of
Figure 10 on an enlarged scale;

‘ Figure 12 is a cross-section through a modified version of the

example of Figure 10 in whidh the partition and the plunggr have

ring-shaped ribs and bridging ribs; o i

Figures 13(A) and 13(B) are cross-sections through a fhird
- example of the embodiment;
Figures 14(A) to 1U(E) are views showing a modified version of
the third example of Figure 13;

. ';Figurés 15-18 are crosé—sections through a prefilled syringe
of a known type,.particularly showing the manner of using the
syringe; and .

Figure 19 is a perspective view showing a partition used.in

the known prefilled syringe shown in Figures 15-18.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

.Example 1 ) - ,
Referring to Figure 1, the exemplary prefilled Syringe has a
genebally tupular body 1 which is open at the front and rear ends,
and a plunger 2 having a push rod slidably'inserted into the body 1
through the rear end. The push rod may be detachable. The body 1
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plunger is short of the appropriate distance, the-vehicle kd-h-thetrear
conpartnent fails to enter the front conpartnent t hrough t hedibppasst «$ BEEN
order to solve this problem applicants have consi dered |nd|C|aMﬁlAﬂﬂrk|ng
at an appropriate position on the plunger where the plunger—rs—tobe

st opped. This narklng met hod* encounters the difficulty of howto retain the
pfunger te Oi from axi al novenent relative to the tubular body while

the mxi ngqﬁg %‘5?%& £ORY eqmnagtRENt Hb agd Rnpear RempartRent: e sepanater thybe

ng while the rod is pushed. The conventi onal
g?g?fﬁrégy pajékffio% g%rggé in means 3 in a 1iquidJ%ight manner, the partition

JJ

_3 being slidable axially in the body 1 under pressure provided by the
plunger 2. The front compartment stores a medicinal component P in
the state of powder, microcapsule, granule, tablet, liquid or any
other, and the rear compartment 5 stores a vehicle L in a liquid or
any other form for dissolving or dispersing the medicinal component
P, or for becoming_mixed therewith. The body 1 ig provided with a
bypass 6 on the ihside wall. The bypass 6r b&pass means 6 is produced
in the form of a recess for introducing the vehicle L in the rear
coﬁpartment 5 into the front compartment U, which will be described
in detail. o -. |
. * The partition 3 includes a front part or portion or bypass
Eétopper or stopper plug 3a and a rear part or portion or bypass
E;topper'or stopper plug 3b wﬁich ére 1nhependent of each other and-
:separately movable. Each of the partition parts or stoppers 3a, 3b
extends radially to the inner walls of the body 1 to seal the rear
compartment 5 from the front compartment U independeﬁtly of the other

-partition part with which it ié paired. The combined axial length of

{the partition parts 3a, 3b is less than the axial length of the

gbypass 6 to permit the inJjection liquid to bé-conveyed from the rear

Tcompartment 5> to the front compartment 4. When the partition 3 is
,Setﬁeen the bypass 6 and the rear end of the syringe, the partition
pafts preferably engage eaéﬁ other but, if slightly spaced because of

air being comﬁressed therebetween whep the front part 3a is slid into
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REPLACEMENT SHEET 5 syringe has no device which has solv %hmmss=
SUMMARY OF THE INVENTION It 'is an object of the present
anel i orate one or nore di sadvantages of the prior art. Ac

nveﬁ§¥

0 one

aspect of the present invention there is provided a prefilled syringe,

conprising: a tubular body having front and rear end portions and having
Qdy n%‘ﬁtisﬂ&' BsFenhly o Gxiéhldis@@h@QrQﬁr@Wb aaspane Asskess at e

subst ance_t herein, 1@3 ront end hlon b sealed and engageable Wt h

a needl e than the &%

adj acent

th o€ Qug fa Esp%ﬁtt H@}'ﬁr%ﬂm-’&’ed Ity iges and

rear end AR P1Uh Ry 29 13°3h5818Y 1§ Bugﬁggr the air between the partition

parts 3a, 3b is,compressed by the movement of the rear part 3b. This

compression urges the front part 3a forward until the feéf face of the

front partition part 3a reaches the bypass 6, whereupon any air.

between the partition. parts-3a, 3b escapes therefrom to the bypass 6
to permit the partition parts 3a, 3b to engage each otheriif_ﬁot
already engaged. It is in this engaged state in whiéh the partition
3 travels the remainder of the syringe.

. The front end'portion 1a of the body 1 is closed by a movable
plug 7. As described below in detail, the front end 1a of the syringe

.'is capped with. a cep carrying an injection needle. Herein, the front

end porﬁion of the syringe covers the front end of the syringe and a

‘further portion extending slightly toward the bypass 6 from the front

end of the syringe. Hereinafter, the front end portion of the syringe

may be referred to es the "front end of the syringe". It should be

~noted that the plug 7, before actuation of the plunger, may be spaced

from the extreme front end of the syringe to minimize the chances

that the plug 7 will prematurely slide out of the front end. The

distant that the plug 7 is spaced from the extreme front-end may
depend upon the volume of the substances to be mixed. Sueh a volume
may define the space'between the bypass 6_end.the plug 7, and hence
the distance between'the'plug 7 and the extreme front end.

As stated above, the bypass 6 has a length lenger than the

" i \iii‘\‘iﬁ““
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v . . . //\
having a push rod connectable therewith for axiakly slldlngtng @HEhHHQEEEﬁ*W
gsaid tubul ar body; a sealing nmeans conprising a first bypas OfpencEdr
separating and sealing said adjacent conpartnents fromeachjoth - y
slidably disposed in said tubular body between said adjacent conpartnents,
sai d sealing neans being sli.dable in said tubular body in response to

sfi ding ofotzdi $hRLKAGSS df thél Frdrtd phRt Hdha R roddy gﬁﬁﬁeﬁg@nﬁegﬁg@gi&i g

seal ing neans and said front end portio avi ng an axi

tubul ar bibtgures#i.d bypasEenssrd,! tthedcomsimdd bkeasUPstSdf oF "bﬂeoggrﬁ’%tﬁﬁf-[d
adj acent conpartnents to bypass said sealing neans and be introduced into

the ot herpajftss3ad 3hij andnthe pipagenedi(exchiteiva brsthél pRehl rod) RARPedtdr her
conprises_a second bypass stopper axially slidably disposed in sard tubular
body bet W %%aéépgcbﬁmsﬁbrqfaﬁhnehym@@arbat pnegventd tmekiflog ofialir or
Stopper, LU FFOR She F9nbneomArEasms o300 Fe besany CovpareRemiBacent Lo
each The plunger 2 is pushed to the left (Figure 1). whereby the
front part 3a and rear part 3b of the-partition 3 aré moved together
in a spaced apart fashion under pressure provided py'the”plunger 2.
When the parts 3a, 3b reach the bypass 6 as shown in Figure U, the
vehicle L in the rear compartment 5 15 introduced into the front
compartment 4 through the bypass 6, thereby effecting a desired
action such as dishersing, dissolving or mixing between the medicinal
componént P and the vehicle L. In this way an injecting medicine (or
simply an injection) is obtained in the front compartment U. By
further pushing the plunger 2, the injection is ejected through an
injection needle 82.
. The prefiiled syringe is assembled as shown in Figures 2A and
2B:

Referring to Figure 2A, the rear part 3b of the partition 3 is
inserted in the'body 1 and the véhicle L is put in the rear
compartment 5. Then the plunger 2 is inserted. The vehicle.L is
heat sterilized by dry steam, and then the inside surface of the
froﬁt compartment 5 is air dried typically with some heat (for
example, up to 50-60 °C) as long as such heat does not damage the

substance in the rear compartment 5. During the step'of

I
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ther and between said bypass and said plunger, -said first and-seeond_
.bypass stoppers each having an axial thickness such t hat thau@aﬁﬁﬂhed Qﬁ]
t hi ckness of said first and second bypass stoppers is | es} thaﬁﬁ%éFﬁjaX|
| ength of said bypass such that, upon sliding of said plu al
t ubul ar body, said first and second bypass stoppers are slidable to sai d

bypass S%tb?flii o?if {ﬂﬁaﬁiﬁ%t %f'ﬂ g%ai*fs drash ”H&ﬁ’é@ﬁ&tgﬁ ts

can be introduc e ot sal Jace conpar cor

to anot h%rxpaseactooéhéh&mgr@c%ﬁm ahBVﬁa{q'wsdﬂbero% kake! fY Ak tArd’, e&hiéﬁd |
syringe, conprising: a tubular body haVing front and rear end poftions and
front ansayedif€ospalht®ntife reRaeh stbpper B3is W PLuARERS2 havinie aotsbaka)ce
therein, said front end portion being seal ed and engageable with a need| e
for inj e(mne(nnaot)eblhed sob st iawec,e snayf egcapbehyy atif fusien, onrsbisniotheeamegnsl
portion being sealed by a plunger having a push rod connectable therewith
for axi alowt oflGmwgemdl@fpmhageearnstapuerLﬁhnan pinngpraZbipaeswhich it

entered. This emanating moisture may then adversely affect the
hygfoscopic powder which is contained in the front compartment h.
After the front compartment U has been dried and as shown in
~ Figure 2B, the front part 3a of the partition 3, which is kept away
from any moisture, is inserted into the body 1 through the front end
1a until it comes relatively near to or into contact with the rear
part 3b so.as to be adjacent thereto. A dose of powdery mediéinal
componént P ié placéd-in the front compartment 4, and theﬁ the front
end 1a is closed by the plug 7. In this way a finished syringe is
obtained. _

_ Whén the vehicle L is sterilized by steam, the rear paft 3b-of
the partition 3 becomes wet with deposition of dew or saturated with
moisthre.- While much of this moisture is removed when the front
compartment 3 is dried, some of this moisture remains in the rear
stopper 3b only to diffuse out over a period of time. The front.part
3a is kept dry and away from the sterilization process. The front
part 3a thus seals the front compartment U against any moisture which
méy éscape from the rear partition part 3b.

The injection needle 82 can be fixed to the syringe 1 in

various manners as shown from Figures 3 and 5 9. A first example is

I
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stopper axially slidably disposed in said tubular- body bet -
and rear conpartnents for separating and seali ng said conp rTﬁﬁ%ﬁ’ﬁ%ETf;fEWEEN
each -other, said bypass stopper being slidable in said tubul ar BFSdy*5ER

response to sliding of said plunger in said tubul ar body and “§ard bypass
stopper having an axial thickness; and a bypass di sposed 6 between said
bypass stsnuuw'iﬂnpigﬁpéjgﬁront end portion of said tubular body having an
axial length greater than said axial thickness of said stopper, said

SHCEDS! S TekaIecs ke et S5 St A SaoB Sy

_(F:)olrjrgg(ra[ rrgt@sﬁtala bkl;l)gl:iismgmdestmmigrru 81 bearinyingdtiednijéé®ion needle 82.
The skirt 81 includes a groove 81é on the inside surface. The groove
81a comﬁunicates with the needle 82. The reference numeral 81b
denoﬁes a space adapted to receive thie plug 7 as shown in Figure k.-

When the plunger 2 is pushed to the left (Figure ﬁ), the plug
7 is moved into the space 81b, and the vehicl¢ L in the rear
compartment 5 is introduced into_the front compartment 4 through the
bypass 6. By further pushing the plunger 2 and after the syringe is
shaken or swung to mix the liquid and drug, the 1njection'is
introduced into the needle 82 through the groove 81a. The needle 82
can be'previdﬁsly fixed to the cap 8, or it cén be fixed after the
cap 8 is capped to the syringe 1. -

Alternatively, the plug 7 may be arranged at assembly to be
placed at a distant from the front end of the syringe such that in use
when it is pushed by the plunger 2, it will remain in the front end.
This arrangement and the later mentioned safety engagement means ére
cooperatively effective to fully confine the front compartment 4 in a
sSealing manner. | |

The examples shown in Figures 5 to 9 use a double—pointed
needle 10:

| The example shown in Figure 5 uses a stationary plug 7 and a

cap 9 holding a double-pointed needle 10 which is projected into the
front compartment 4 through the plug 7. This embodiment is
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the other said conpartnent, when said stopper is-slid theretns sMret fisB pEay d
st opper conprises a cylindrical surface having annul ar ribs andgrbsisdgdng
ribs located thereon and sealingly engaging sai'd tubul ar body,. sai

ri bs having a space therebetween and said bridging ribs extendi ng between
sai d annul ar ribs and subdivi ding said space between said annul ar ribs.
Accor di ngdvantageousahnttimt atpsavesothe hinboreef Mixingethe dnjebkion needle
provided a prefilled syringe, conprising: a tubular body having front and
rear endlfar Binshsthedngeddeerik0 compabentradidiyercinneched &b §%aﬂfront
conpartnents having a_ separate substance therein, said front end portion
bei ng se§PBRRBYMENty byt RExing the aap chrtoekhe pbrantosndeilag sdhecllsvg &

I ' h.rod c I h L th f ' | | di '
ol unger 18- BRPYTARd: ttRogoy coasy I8, anr Ehe Lheporterahkeh et fonS Ee”
11 noer 0 e 8155 Yoo paohl2'ci20d80°abl §"bL Ml oh' 80'cr® U1 AL 1 0bng ™ ¢

vicinity of the inlet of the needle 10, thereby preventing the

injection liquid from staying behind and remaining unused. This

avolds a waste of the injection liquid.

‘e R -

Figure 6 shows another example of a plug fqr a double-pointed
needle wherein the plug 7 has an additional recess 7b on the outer
side, the recesses Ta and 7b being aligned with each other, thereby
facilitating the passage of thé'needle 10 because of the reduced
thicknéss of the plug 7. In this example, the respective plug 3A has.
a flat front face. . . _

Figure 7 shows another example, characterized in that the face
of the front part 3a of the paftition 3 is profided with a recess 30a
wﬁich is aligned with the recess 7b on the outer side of the plug 7
so0 as to accommodate the needle end projecting thfough the plug 7.
Because of the flat rear face of the plug 7 it is easy to ascertain
that the injection needle end is projected into the front compartment
4 through the plug 7. .

_ Figure 8 shows a further modified plug 7 having a concave
surface on the inner side and the front part 3a having a convex
surface at its forward end or front face which is complementary with

the concave surface of the plug 7 when the partition 3 is pushed by
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a needle for injection of the substances after the substa§ces—aLe~n$*edwww
*5aid needle collar conprising a receptacle for reeceiving $ahe SHEEYHOPBAEN
sufficient anmount of axial siiding of said plunger; a sealing REPAACED i
conprising a first "bypass stopper for separating and seali - K _
conpartments fromeach other, axially slidably disposed in said tubular
body bet whenpiungerad andrhronghpa:tntuanostacﬂamdtheme pdugehns being slidable
in said tubular body in response to sliding of said plunger in said tubular
body; and a bypasthbstskraetazedos daigung ﬁegﬁsaéwﬂnﬁaxﬁou8rEMtthahjbpbbﬁeSn
Havi ng an axi al |ength along said tubular body, said bypass bei ng adapted
to permf eBﬁet%fS%q'h?f‘s ipstheeenten dnthercangaie SHrfaent ot dhgaPlnet shep

b id I d. b trqoduced into the,oth f d adj t
conpar t it S% ingeﬁeigﬂsﬁaﬁwgﬁbﬂnﬁﬁﬁ%?MM tOnbhEBE 3o e B gace

2] acent %&ﬁba‘«‘?ﬁwﬁa& o rRuBREr et iecRbbiuie b%héov;%? %F &ﬁ?i%ﬁkl%&#ﬁem :

fron1eacqo.

Figure 9 shows a modification to the example of Figure 8,
characterized in that the plug 7 is provided with qlrecés§ 7a in the
concave surface, the recesses Ta and 7b being aligned with each other,
with the front part 3a of the partition 3 having no recess. The
recess 7a in this modification functions like the recess 7a.as
described with respect to example 5.

'% The éxamples shown in Figurés 6 to 9 may have a ring—shéped
flange T7c which secures sealing contact between the plug 7 andi the
inside wall of the sybinge i. The flange 7c¢ is not necessarily
required if the diameter of_the plug 7 is precisely calculated such
tﬁat the plug 7 adequately fits in a sealing manner in the syringe 1.
The bypass parts or stoppers 3a, 3b, plug 7, and plunger 2 ére
preferably formed of an elastomer such as synthetic rubber.

In the exemplary or preferred embodiment the partition 3 is
composed gf the front pgrt 3a and the rear part 3b, the 1attér of
“which participates in the steam sterilization of the veﬁiclé in the
rear'compartment 5, anﬁ the former qf which winimizes or prevents
moisturé of the rear part 3b from reaching ﬁhe'powdered medicament.

However, if desired, the sealing means may include other means for

- '_ ' -15~-
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f . i
ot her independently of said first bypass stopper,- said firs@ﬂdﬁ@“§§§§hagtﬁd
Bypass stoppers being | ocated adjacent to each other, and s§!d f RFFRACER g
second bypass stoppers each having an axial thickness such thar the
combi ned axi al thickness of said first and second bypass stoppers is |ess
than said axial length of said bypass such that, upon sliding of said
pFunger i Figtnizing Gharemanationaofl Hoisturantd sheohygiugeapicSheWer.S Sich
slidable to said bypass so that one of the substances in the one of said .
adj acent ESApRMakdnelude al bhinmaiatuserbupenetaiableysest plammdedsirasthyi d
bypass and bg iq@goduced into the other of said adjacent compartnents; and
wherei n eSBhURE AN K@68s9f sthp el SERPPER 3D O goMANESe £ reart steppewi ng

i i bs th and seal i ngl
annular agg pLLAK 8% &' Beear1al! SRidl s npdietrabie’ £8 moisture.

Example 2 -

Referring to Figures 10 and 11, the partition 3 is provided
with a plurality 6f.ring-shaped ribs 300 having grooves (G)
therebetween. The adjacent grooves (G) are bridged by ﬁther ribs 301
which will be referrgd to as transverse or bridging ribs. The
bridging ribs 301 have the same height as that of the first-mentioned
ribs 300. The bridging ribs 301 subdivide the grooves (G) into
separaﬁq smali'recesses. The illustrated examplé has two grooves (G)
and four bridging ribs 301 displaced at 90 ° ;, thereby obtaining
equally divided eight recesses in all. The annular ribs 300 extend at
generally a right angle to tﬁé axis of the tubular body 1 and the
bridging ribs 301. |

The subdividing of the grooves (G) by the bridging ribs 301
minimizes the amount of injection liquid remaining in the groove (G),
thereby minimizing the amount of injecfion liquid which remains
unused. The greater the number of bridging ribs which are used, the
less the amount of injection liquid which remains unused,.but as the
number of the bridging ribs increases, the friction created between
the partition 3 and the inside wall of the tubular body 1 increases,

thereby preventing smooth movement of the partition 3 in the tubular
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7 engagi ng said tubul ar body, said annual ribs having ar L £had
and said bridging ribs extendi ng between said annual r|'§“§ﬁ§% Hg§5V|d g
sai d space between said annular ribs. According to stilk another of
the present invention there is provided a syringe prefil wth a first

subst ance and a second substance to be - mXxed in the syringe, conprising:
a"syringebbddy1cowpmh§ltransmanﬂeaown@rddgdggabﬂbsmach as neertiefsrwhich

i njection of the substances,. a plunger end having a plunger for driving the
subst ancePreyentthedndectien émuidrfn‘on] ddoving cingunfenesiislhiptabout the

ends, thep@ggass havi ng an -axial length, and the syringe bodY I ncl udi ng the
first and shior st AeBes; amséerbapanﬁt&p@pgéa%c@@a abay ‘éri'gfaé%‘épl??ﬂt he

i heCor A M SRR o Bt R 3% an s SHPuRL B ELeSRS P2, %lné®
| partition parts 3a, 3b may also include such transverse or bridging .

ribs 301. 'Eprther, it should be noted that, instead of being flat as

shown in Figure 11, the annular and bridging ribs may typically have

a curve or crown to reduce friction created against the inner surface

o

of the tubular body.

Example 3 |

Rgfgrring to Figures 13(A)-(B) and 14(A)-(E), a further
modifiéd version will be described:

This example is designed to assist a stirring action of the
medicinal component P and vehicle L after such are iﬁitially mixed in
the front compartmént so as to obtain a homogeneous injection liquid
tﬁrough a predetermined chemical state . such as dispersing or
dissolving as the case may be. The stirring is facilitated by a
swinging of the syringe. In this case, it is difficult to retain the
plunger 2 at an appropriate place when the injection liquid is in the
front compartment; if the plunger 2 is moved excessively inﬁo the
tubular body 1, the medicinal component P and vehicle L aré likely to
be injected tﬁrough the syringe without reaching a homogeneous state.
To solve this difficulty, the tubular body 1 is provided with a disc-
shaped fingergrip 100 at the end of the tubular body 1 into which the

_
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st opper confronting end and a substance oonfrontihg,end,Ewhsiﬁﬁgbﬁégs

confronting ends directly confronting each other and the%subsﬁ@ﬁ@@‘
confronting ends facing away from each.other, each of the-subsTance o
confronting ends directly confronting one of the substances prior to m xing

of the supyagere?. 18 MnsehreBRE" SThecrlndiharlp mﬁiwageaﬁpﬂme%nﬂng%i'ﬂinPf

each other, each of the stoppers having an axial thickness,

conbi ned bhi sriae PorthensiEPRCIcbEiAg & tijaintH et ilsshgBoFbr Afnd he
bypass such that one of the substances can flow around both of "the stoppers
at the bypdupgeie.t hdheulplhargeas Arleasi aeplod A20owHiol 18 Priovii sedotiah
aspect of the present invention there i.s provided a syringe prefilled with
a carri er Peodeeies and nabdr 291 somsthen @ertiphbey nthexkofly time thyr exgrplary
conprising: a syringe body conprising a needle end engageable with a needle
for inj ecembeigentyefeumfrgdections 20ingee displaced et Q08| armind ttbe akis/i ng
t he substgP '

sepa?ately fromeach other prior to mxing, each-of-the sLeppefs—havT@g;j

C€§E Plunger 2. ..Each of the nubs 201 extends in a radial and axial
direction. The nubs 201 are axially spaced from the rim 101 such that
the plunger 2 freely slides through the rear comparthent 5. The nubs
201 are also axially spaced from the rear end ofithe push rod so that_'
the plunger 2 slides freely through the front compartﬁent 4, Each
projection 201 is located at such a position that it comes into
engagement with the inner periphéral rim-101 when the forward end or
face o?\the ffoht part 3a of the partition 3 reaches the outlet or
front side (left~hand side) of ﬁhe bypass 6 as shown in Figure 13(B)
such that the bypaés is almost or in fact shut off relative to the
front compartment 4 to minimize or prevent backflow to the bypass 6.
At this position, the rear compartment 5 is completely sealed by the
plunger 2 to prevent backflow into the push rod region during a
shaking of the syringe. It should be noted that the syringe is
conéervatively constructed so that, even if the push rod.2 is pushed
slightly past thé nubs 201, the plunger still seals the bypass inlet.
In other words, the length of the plunger 2 is sufficiently long
relative to thé position of the nubs 201 on the push rod so as to
minimize leakage to the rear compartmeﬁt. The fingergrip 100 is

preferably made of resilient synthetic resin to permit the fingergrip

—_
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a)

out of the needle end for injection, and a bypass. bet viper—the—emnds The
bypass having an axial |length; and a sealing arrangene rﬂSéEﬁ%&Wfsgﬂ@aged
in the syringe body and di sposed between the bypass an thdﬁﬁFﬁﬁ%%r en
prior to mxing of the substances such that the substakrees—are stored
separately fromeach-other, the sealing.arrangenent including a stopper and
a*mni m zi 14D weabendedmasivel B21gh PP Suchnthdhechey BBBS 300 aFeNifdidigabie
exchange of noisture between the stopper and a portion of the syringe body
bet ween t Herost theef ingargrip teedl dlterhativelyt ophitierc 6hé rmulisi RO1PrEr Bothhe
stibst ances and the minim zing neans confronting the other substance prior
to mxing e fAngensmsimI®6sand hubst 8ppermagnbenresiiliienby neans bei ng

adj acent, and the sealing arrangenent having .an axial length |l ess than the
axial length of thénpORAIELiONeHA% Hete SiEsbistany Shpsplungsr 2ahsfpushedr eand

I NC s when t he substances are m'xed.
the seali "Shdiin airhg%niegr{}r'eatI 3t(%3 li%p%?le extent that the projections 201 are

brought into engagement with the inner peripheral resilieht-rim.101
and stopped from enﬁéring the. tubular body 1. During this firSt'step.
the vehicie L in the rear compartment 5 is introdqud'in?g the front
compartment U4 via the bypass 6. While the projections 201 are
retained against.the inner peripheral resilient rim 101, the syringe
is swung to stir the medicinal component P and the vehicle L to obtain
a homogeneous mixture. The projections 201 thereby prevent the
:plungébaz fr&m'being-slid further forwardly such as by centrifugal
iforce created by swinging the syringe. As the second step, after an
injection liquid is obtained through a desired action such as
dispersiﬁg or dissolving of the medicinal component P with the vehicle
L; the plunger 2 is pushed by a force which is strong enough to
disengage the projections 201 from the inner peripheral resilient'rim
101. Then the injection liquid is ejected in a homogeneously mixed
state.
An alternative example is shown in Figures 14(A) to 1H(E).

This exaﬁble is'characterized-by the provision of slots 102 in.the
inner peripheral fiﬁ or syringe portion 101. The illustrated example
has four slots 102 displacéd at 90 ° ., The rod 20 of the plunger 2

is provided with a number of blades 202 corresponding to that of the

———

—_—
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According to still another aspect of the present "invention there—

provided a syringe prefilled with a carrier SUbSt&HQﬂEﬁﬂdﬁﬁFﬂﬁd@Eﬁlbstance
to be mxed in the 7a syringe, conprising: a syrli ngerbRidCERONPrilsi ng a
needl e end engageable with a needle for injection @ : S, a

pl unger end having .a-plunger for driving the substances out of the needle
end for i letsi 402 sodthabyphe shhmiese @02t banenils; iyl thess0pBEr 1922 afyhe
engaged in the syringe body and di sposed between the bypass and the
pl.unger erdades o202 haviexangize tohperxmidspassage shrbughdihet respedtdivensistar e
stored separately fromeach other prior-to mxing, the stopper conprising a
cyl i ndri cdi02% gftere thayvpugh aredi|2G has been rotated or turned to match the

blades 202 to their respective slots 102. The length from the

central axis of'tﬁe rod 20 up to the top edge of each blade 202 is
slightly larger than the inside diameter oflthe peripheral reéilient
rim 101 so as to enable each blade 202 to fit in the respective slots
102. The forward end or engagement portion of edch b%pde'ZOZ is
axially spaced ffomvthe inner peripheral resilient rim 101 before the
plunger 2 is actuated. The forward end of each blade 202 is
positioned so that each blade 202 can come into engagement with the
rear end face of the fingergrip 100 when the forward end of the front
part 3é‘of the partition 3 reaches the left-hand side of the bypass 6
as shown in Figuré 14(D) such thatxfhe front compartment U4 is almost
or in fact sealed relative to the bypass 6 to prevent backflow into
the bypass 6. At this position, the plunger 2 also seals the rear
campartment 5 against backflow from the bypass 6.

In using the syringe, the rod 20 is pushed until the front
ends of the blades 202 come into engagement with the rear end face of
the fingef grip 100 as shown in Figure 1l(c) which shows the
relationship between the blades 202 and the slots 102. The rod 20 is
thus prevented from further entering the tubular body 1 such as when
swinging the syringe creates a centrifugal force on the plunger 2 and
rod 20. At this position, as shown in Figure 14(D) the front part 3a
of the partition 3 has reached the left-hand side of the bypass 6 to

=20~
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and bridging ribs lying thereon, each of the ribs-s*é%;ﬁéE;;;ﬁﬁﬁgfng t he
syri nge body, the annular ribs having a spacing t é:e ekpeaEdand the
bridging ribs extendi ng between the annular ribs slo rvide the
spaci ng between the annular ribs to limt annular flow of one of the

subst ances around the stopper at the bypass. According to still another
aspect of almoskr oveits favteshiibnotthehe bypgwso6i awdl thesyehidie b ¢hi theGepht h
a pair of substances, conprising: a syringe body conprising a needle end
engageabl eCRaTtAeREH bas ompljedely oentdradh she ufisenth compartpénndemse e
having a plgﬁgfr éog driving .the substances out_ of the needle end for

i nj ecti on, PHHBEY pah@s cﬁ"@&?ﬁc’@?ﬂ regrpabenpek: s Brandba syringedis smmgsot he

compar ok B Ml 88" 8ePlo 08 URSLATAER S BRSCDCE EOTBR R |
e 2o CPRRARhEE et Ot BHER, AR PRkl ho bl i 257
dispersing or dissolving as the case may be. Finally the plunger 2
is turned or rotated and again pushed so as to enable the blades 202
to pass through the slots 102 as shown in Figure 1%§E)a In this way
- the injection liquid is ejected through the sy;lnge'in a

homogeneously mixed state.
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st opper confronting end and a substance confronti. A) Eﬂansmbpper
gonfronting ends directly confronting each other \ﬂﬁs F LAt#zuid of solid .
t her ebet ween and t he substance confronting ends f&cing ¢ each

ot her, each of the substance confronting ends confronti ng—oneof the

substances prior .to.m'xing of the substances, and t he sto
syringe body i ndaprrdestdnaiméd egh ot her. Accordl ng to sti Tl i‘ Hl igbm‘

of the present invention there is provided a syringe prefill

of substances, conprising: a syringe body conprising a needle end
engageabl e mnth a peedle for injection of the subst ances, a plunger end
havi ng a pl unger ¥or Nrﬁnﬁfﬁél?%e'smgaﬁ@éssfcﬂnm&f ai-"hlee#é’éd}‘@ stgpces

.injection, and a pair of conpartnents between,t , t.h
conpart me@ParEohram fach gkbe n'gfi"c ngesﬁﬁ’sit%?c aud t 89}(‘)\%&1"]36 rﬂ}é&f‘ﬁeﬁ?e

he syri ngubaGageae s Ene: A Bigniriche FBs Infha pRRr EfapaSthke el Y enocoed |

a tubular body having front and rear end portions and
front and rear compartments, each of the compartments haying one 6f
the substances, the front end portion being sealed and engagable to a
needle for injection of the.substances which are mixed, the rear end
portion being sealed by a plunger having a push rod for sliding the
plunger axia;;y in the tubular bsdy; |

sealing means including a first bypass stopper being
axially slidable in the tubular body and disposed between the front

and rear compartments for separating and sealing the compartments from .

each other, sliding of the sealing means being actuated by a sliding

of the plunger;

-a bypass disposed between the seéling means arnd the front

end portion of the tubular body and generally between the froﬁt and

rear compartments for permitting one of the substances in one'of the
compartments to bypass the sealing means to be introduced into. the

other compartment, the bypass having an axial length; and

-9 9 —~
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substances are stored separately from each ot her j—e L.Beeetdpper s
having an enpty space confr ﬂﬁr ﬂ“substéﬁ@é*g ,Qggntlno end, the
enpty space confronting end 'g “E H w ach at her "W 1h gui d or

solid therebetween and the subskance ®orfrdnting ends facing away from each
ot her, each of the enpty space confronting ends confronting an enpty space

in the syringe bodyangﬂg%guhgem&&sggﬂ g?ngr%nagbgﬁggymab @ntueliggone

of the substances he stoppers se he syringe i ndependent |y
of each otdiflally sT0ddXON Y Bee! Bulsildr baagtdrd dixposedobethecpritrefiront

| Avention there is provided a
and rear compartments for separating and sealing the compartments
- from each other indepenqently of the first stopper, the stoppers
being generally adjacent to.each other, each of the stoppers having an
axial thickness._the combined axial thickness of the stoppers being
less than the axial length of.the bypass, the sﬁoppers being slidable
at generally the_same time by a sliding of the plunger tq'be slid to

be adjacent to the bypass whereby one of. the substances in one of the

compartments is introduced into the other compartment.

iff'The prefilled syringe of claim 1, wherein the distance
betweehxthe éfoppers is less than the axial thickness of one of the

stoppers.

&3> The prefilled syringe of claim 1, wherein the stoppers
engage each other.

A The prefilled syringe of claim 2, wherein the stoppers are
spaced from each other when disposed between the bypass and the rear
end portion'of the tubular body, the stoppers subsequently engaging

each other adjécent'to the bypass after being slid thereto.

¢5{#-The-pfefilled syringe of claim U, wherein each of the

. stoppers includes a confronting end, the cdnfronting ends of the

— ) laced
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prefilled syringe conprising: a tubUI‘aT ‘body havr'nFJégﬂéETarrd“ Bdri end
e

portions and havi ng adja t herein achpepfacE d g
conpartments having. a seﬁmmmm BH} herei n, baid frent—erd—portion
bei ng seal ed and engageabte wt needre for injection of the substances
after they are m xed, and.said rear end portion being engageable with a

pl-unger haye@geatmu%hS%Bbﬁéwmeébﬁbbenthage@hbh fovheaxied | deplhdi BI spaice

pl unger in-sali.d tubul ar body; a sealing neans conprising a first bypass

st opper f otharebatatemoendthe adticppepsidreadispesad bevysan that bypassmaracthe
other, axially slidably disposed in said tubul ar body between said adj acent
corrpart menrear eaddperbiomgfnbhastinilay bodwlalbthe $paceaibéingbenpty.body in
response to sliding of said plunger in said tubular body; and a bypass

bet ween said sealing neans and sai d front end portion havrng -an axi al

| ength al ong said tu sai d a ermttin of the
substances in one of @rg SYE P?n%i%%? do %QQTCFQNBEﬁﬁﬁ@ﬁ a

means. and 85%533:59df eﬁ& %getgfringe, the method comprising

a) inserting the first stopper into the;pubular body to. a
posifion between the bypass and the rear end portion of the body; then

~ . b) at least partially loading the portion of the body
which &§ between the first stopper and the rear end portion of the

body with at least one liquid substance; then i

c) inserting the plunger into the body to seal the liquid

substance between the plunger and the first stopper; then

d) heat sterilizing the liquid substance while it is

sealed between the first stopper and the plunger; then

e) drying at least the inside of the tubular body between
the first stopper'and the front end portioh of the body; then

f) inserting the second stopper into the tubular quy to a

—
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et

other of said adjacent conpartiments; whérein said &ﬁi Eﬂ %gs &her

conprises a second bypas sl i dabl y-di sp ed t ubul ar
body between said adj- acealnﬂnwnm,m”mepar ating and seal | ng sai d

adj acent conpartnents frorh edchtothers | rdependently of said first bypass
stopper, said first- and second bypass stoppers being | ocated adjacent to -
each ot hqmsirtdonebabueen Hehebyinst stappere apdubberbypasisd tbi seal ik feontd
bypass stoppers each having an axial thickness such that, upon sliding of
sai d plurepsparsmeat cagaimstamobskyre yauthmaxstesanaesmdsneyﬁésst stoppers
are slidable- o sai d %égass so that one of the substances in one of said

adj acent HBhHALERHAYs heq;'e oinnf“?‘é) cﬁﬂ@@&t? rkrom; e fink of obhe £iigsh §appRr
conpart nent,s; mhereln ond _bypass stoppers-further have a
space th Bt%§e9pqﬂ§ hi é&ﬁtﬁ ﬁ¥ %aﬁm in said tubul ar body,

t he di stance between the stoppers deflnlng saird space being |l ess than the
axial thickness of one of said first and second bypass stoppers, the space
bei ng enpty;. g) at least partially loading the portion of the body

which is bétween;the second stopper and the front end portion of the

body with anbther-substancé; and then

h) sealing the front end portion of the tubular body to
seal in the substance which is between the second stopper and the
front end portion of the tubular body.

@5 A prefilled syringe for storing at least two substances
apart from each other in the syringe and for subsequently mixing the

substances in the syringe prior to injection, comprising:

" a tubular body having front and rear end portions énd
front and rear compartments, each of the compartments having one of
the substances, the fhont end portion being sealed and engagable to a
needle for injection of the substances which are mixed, the rear end
portion being séaled by a plunger having a push rod for-sliding the
plungér axially in the-tub@lar body;

- a bypass stopper being axially slidable in the tubular
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cylindrical surface and se sai d tubul BEFLRFR, anfl said
bridging ribs extending bet%een sai r ri bs™Whéreby an area between
the annul ar ribs-is:-subdivi'ded to prevent substance flow around the stopper
bet ween t ROd¥n@dadisnesed bebwaonathe Arentdand reast compansmestsadfivact
of the'present?tﬁéfntion there is provided a

_ £refi | I ed syringe bodi;,w
conpri si n§ePar #nd, 501 Ahng; the rqampartnente frognaagh Qthers shidingiafy .
rinp d d adj t ' [d front ti
bei ng scalld SHOPRSH J60R6 BORPEFES. e BuPbLode ofa the Bliasta SbP T ORI ng
seal ed by r ,th a push rod; a first substance di sposed
in a firspag?hgggga&@?%?%ﬁ?ﬁ%%ﬁ%%rtnents and a second substance disposed in
a second of said adjacent conpartnments; a bypass in said tubular body in
comuni cation with one of said first and

a bypass disposed between the stopper and the front end

and wherein each of the stoppeis &till-further crnprfses—annurar and
bridging ribs and a cyli ndumm"mrmmm’mﬂch of | BAP §HEFDRSS GEEY| on t he
amsn

portion of the tubular bbdy and generally between the front and rear
compartmenfs for pérﬁitting one of the substanqgs'in'Pne of the
compartments to bypasé the stopper to be introduced into the other
compartment, the bypass having an axial length greatér than éhe axial
thickness of:thé stopper, the stopper being slidable to the bypass by
a sliding of the plunger; and

' the’stppper:éomprgsing annular and bridging ribs, each of
the ribs*sealingly éﬁgaging-the=ﬁubulaﬁfbody, the bridging ribs
bridging between_the annular ribs whereby spacing between the annular

ribs is subdivided.

ééi The gfefilled syringe of claim 7, wherein the annular ribs
extend about the stoppgp,at'generally a right angle to the axis of
the tubular body. - | '

9% The prefilled syringe of claim 7, wherein the annular and
bridging ribs extend ét_generally right angles to each other..
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second adj acent conpart ment.s;—ane—first-and secopd bypass stoppers axially
Sslidably disposed in said tubul ar mm rati npgriaperseakisgegald first

and second adj acent conpar ot her; sairkplacsti and|second
bypass stoppers having no her ebetween—anrd—a—eurl at i ve

axial length | ess t han the aX|aI Iength of said bypass, and being | ocated

between sai d byggss fRg ﬁ;%?iﬁ{tffsyi*in of E1di 73 WhSRAANEnE HrRkeRk ribs

conpart ments. According ‘to sti anot er aspect Of the present invention
there is pheMidedtn 1ast thisk anhulae Moy exEaitingspasal Fell woukath hosher
having front and rear end portions and having first and second adjacent
conpar t megbsdéfigrecat, 1eastd thoaspacing grayovesn bei ng

47" The prefilled syringe of claim 10, wherein the bridging
ribs include at least four'bridging ribs spaced equidistance from-each
other in each of thé;spacing_gr00ves.

W

12. A prefilled syringe for storing at least two substances
apart from each other in the syringe and for subsequently mixing the

substances in the syrlnge prior to injection, comprising:

sftubulsr,body having front and rear end portions and
front and réan compartmenﬁs,_each of the compartments having one of
the substances, the front end portion being sealed and engagable to a
nsedle for injéction7of'the substances which are ﬁixed, the rear end
portion being sealsd-by a.piunger having a push rod for sliding the
plunger axially in the tubular body, the rear end portion of the

tubular bddy engaging_a syringe portion for engaging the push rod;

a bypass stppper being axially slidable in the tubular

body and disposéd'betWQeﬁ_the'front and rear compartments for

' -sepsrating aﬁd_sesling_thé compartments from each other, sliding of
the stopper being actuated by a sliding of the plunger, the stopper

having an axial thickness and a front section; -
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seal'ed and engageable with a_ngedquﬂénd.said rq@@% Qrtlan joeing sealed
by a plunger engageable with a push rod; a firgt h%%ﬁgﬁgg di"sposed in a

first of said adjac nd a sécond substance disposed in a
second of said adj aQM“BmmmumF a bypass in said tubular body in:
comruni cation with one &f 4ai8l ffrst and second adjacent conpartnents; and
at | east one bypass stopper axially slidably disposed in said tubular body
separating and sealing said first and second adjacent conpartnments from
each other, said at |gaspayzedbgposed Yetpperi thel stoppertand BREVEEIhS @ind
bypass and the other of said first and second conpartnents, and said at

| east onepdrstpass oft bhectuthidwirnhody dmshgenenal lgnbetaeen ithe fhontoandngag ng
sai d tubul-ar body, a-space between said at | east two annular ribs and

~ bridgi ng ¢ompartments njopcporphtting enemwfarthe substansesuliar lopesofdithiedi ng

sai d space. According to still another aspect of the present invention
there is $PERANISENES to bypass the stopper to be introduced into the other

compartment, the bypasszhavihg an axial length greater than the axiél _
thickness of the stopper} the stopper being slidablé to the bypass by |
a slid;ng of the plunger; the bypass having an-inlgp'and"an outlet;.
and | '

' the push rod.éonneéted to and extending rearwardly from
the plunger for 81id1né.the plunger in a forward direction from the
rear end portion to the front end portion of the tubular body, the

' push ﬁoﬂ hafing an éngagement'portion for engaging the syringe

, portion, the engagement poftion being axially spaced from the syringe
portion before the'plungef is actuated, the engagement and syringe'-
portions engaging each othér after the plunger has engaged the stopper
and after at-least'thé plunger has been slid to a position adjacent
to the 1n1et_0f the bypass to seal the bypass relative to the rear
compartment to prevent-ﬂackflbw into the rear compartment, the
engagement and.syringélportions being disengagable from each other
such that thg push rod is further slidable in the forward qireétion

for injection of the substances from the front compartment.

13. The prefilled Sybinge of claim 12, wherein the engagement

and syringe portions engage each other after at least the fropt
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prefllled syrlnge bod r n a tubul ar bodyTaving f ti and rear -
«end portions and hzﬂll u.l“i&” cond adj acesnt"x%%'@é{”g éﬁﬂ t her ei n,
said front- end porth and engageapl e A _needle; and said
rear end portion belng ‘seal ed by a pl unger engagéable with a push rod; a
first substance dlsposed in a first of said adjacent conpartnments and a
sécond suBeekiRit ofi dhessdoppen hag direnoslidi to ijpasdtidopoapdacenttty the
bypass in S@%ﬁi b body in comruni cation with one of said first and
second adf¥ °goﬁ%%ryﬂéﬁ s; and a sealing neans for separating and

sealing said first and second adj acent conpartnents from each other, said
seal i ng means being Iocated in said tubular body between said bypass and

oane. conpr s na i RN SRMREC B RRR e bRt R "0

moi sture {£0fhgghg §§ahhsqen%%a§ 146° oehe tebital! b3AY 45 tAFP IS rudnd Ne

present inventlon ere o
direction between the front end of the push rod and the engagement

portion and between the engagement portion and the rear end of the
'push rod such that the plunger is freely slidable between the rear end

portion of the tubular body and the bypass and between the bypass and
the front end portion of the tubular body.

15; “The prefilled syringe of claim 12, wherein the syringe
portiohkcompﬁises'a fingergrip having an inner rim extending from the
tubular body toward the push rod, and wherein the engagement portion
comprises a nub for engaging the inner rim, the nub being

disengagable from the rim by a further sliding of the push rod in the

forward direction.

16. The prefilled syringe of claim .12, wherein the syringe
portion comprises a fingergrip having an inner rim extending from the
tubular body toward the push rod, the inner rim comprising at least
one slot extending radielly relative to the push rod, the push rod

: haning at least one axially and radially extending blade, the
' engagement portion comprising a forward end_bf the blade to engage

the rim, the blade being disengagable from the inner rim by rotating

[
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syringe prefilled with a first substance and a second ;substanee—to—be

m xed in the syringe, e body conpr i SHISgSHEEN &G BEERNd
engageabl e wi th a needl er”num"mnm"ﬂl"mft he substances, aRpiiddgBr end,
and a bypass between the ends, the*bypass haV|ng an axita—tength—a sStopper .
bei ng seal ably engaged in the syringe body and - 7d di sposed between the
bypass and"lt%epbggngmd ewatpdi dhe dhadengngaged thestsdatesfonchasisaige he
'substance are stored se aratel fron1each other prior to mxing, the
stopper Qéh sdipeetiOlan the axial length of the bypass
to pern1t one of t he substances to fIOM/around t he stopper at the bypass to
be m xed with the other substance, : i

17. A prefilled syringe for storing at least two substances
apart frem each other in the syringe and for subsequently mixing the

substanees in the syringe prior to injectidn, comprising:

a'tﬁbular body having front and rear énd pgrtions and
front and reah'compartments, each of the compartments having.one of
the substances, the rear end portion being sealed by a plunger having

a push rod for sliding the plunger axially in the tubular body;

& bypess stopper plug being axially slidable in the
tubular body and disposed between the front and rear compartments for
separating and-sealing the compartments from each other, sliding of
tpe stopper plﬁg being actuated by a sliding of the plunger, the

stopper plug having an axial thickness and a front section;

‘a bypass disposed between the stopper plug and the front
end portion of the tubular body and generally between the front and
rear compartments for permitting one of the substances in one of the
compartments. to bypass the stopper plug to be introduced into the
other eompaptment, the bypass héving an axial length greater than the
axial thickness of the stoppen plug, the stopper plug being slidable
to the bypass by a.sliding of the plunger;
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wherein the stopper conprises a cylindrical surface_having annular.and
bridging ribs | ocated-thereon—and sealingly engagiqq}kngéyn%ﬁgﬁﬁnowy, t he
r:

annul ar ribs having a.spa n and the brii dgi rgefAde® ext endi ng
bet ween the annul ar ri 3&!@%&“@@“‘“ the space lbetween the-anadl ar
ribs; and a plunger -sedl¥ad® ged 1" the plunger end of the syringe body
for driving the substances out of the needle end for injection, the plunger

conprising annular and bridging ribs and a cylindrical surface, each of- the
ribs lying on the cylindpi - gl 3N k nge
body, and_the bridging gpggﬁ%%fé#&%ﬁéﬁg%?%bgﬁﬁ¢%£ga%%u ar Pigg$aﬁﬁg%éyggn
area bet wegp hhpeadPWieding BAd! Stl?é'%b&lé'%ﬂn? Qﬁgé’%'ﬂlesﬁesémﬂc eAY of
around the plunger between the annular ribs at the bypass. BRI EF .

DESCRI PTl @eCbyrifigdRAMENGS This invention nmay be better understood and its
nunmer ous obj ects and advant ages

a front plug for sealing the front end portion of the
tubular body,.the front plug having a front central recess for
guiding thejfear piércing end of the needle into thg front plug, one
of the plugs.having;anothgf central recess axially aligned with the
front central_fécéés fOr hOusing the rear piercing end of the needle
after the needie has pierced the front plug, the plugs engaging each
other after.the.subStancés have been injected.

18. The pbéfilled syringe of claim 17, wherein the other

central recess is dis§osed'in the rear end of the front plug.

19. -The-prefilled syringe of claim 17, wherein the other

central recess is diSposed in the front end of the stopper plug.

- 20. The prefilled syringe of claim 17, wherein the front end
of the stopperﬁplug 1s'cqnvex and the rear end of the front plug is

concave.

21. The'prefilléd syringe of claim 20, wherein the other

central recess is dispbsed in the front end of the stopper plug.
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wi || “beconme apparent to those ski+l-ed in the art -by reference to the
acconpanyi ng dramrﬁ§§'as foll ows: US“gure 1is a sche %“g oss SECtion

vi ew t hrough an enb \“‘“1“‘ esent invention; Fi gur Eﬁﬁ"%ﬂrﬁ‘d 2( B)
show a process of a m 3‘ 0

|nmavmmewlﬁgup ws a; first
step at which a vehic¢le®is pd1 in one conpartment and Figure 2(B) Shows a
second step at which a medi cinal component is put in the other conpart ment ;
Figure 3 is a cross-section through the syringe of Figure 1 which is
provided with a cap.,i n‘l‘ﬁe\'\bréf‘iﬂ@d Epdngd @Escaadmal)] nglesridion theedtver
fixed to the cap; Figure 4.is a cross-section through the syringe of Figure
3 whi ch i centrakeredesguis ﬁsrmsedcimstﬂlesnearr @ndt of digh frbet plugnge which is

provided with a stationary plug and a doubl e-pointed injection needle in
t he forward open end

'23. A prefilled_syringe for storing at least two substances
‘apart from each bthér in the syringe and for subsequently mixing the

substances in the syringe prior to injection, comprising:

a tubular body having front and rear end portions and
front and rear compartments, each of the cohpartments ﬁaving one of
the substances,'the front end portion being sealed and'engagable to a
needle for inJéétion of the substances which are mixed, the rear end
portlon belng sealed by a plunger having a push rod for sliding the

plunger axially in the tubular body,

sealing means including a bypass stopper being axially
siidable in the tubular body and disposed between the front and rear
compartments fdr separating and sealing the compabtments from'each
other, sliding of the sealing means being actuated by a sliding of the

plunger, the sealing means having an axial distance and two ends;

a bypaSs disposed between the sealing means and the front
end'portion_of the tubular body and generally between the front and
rear compartments for permitting one of the substances in one of the

compartments to bypass the sealing means to be introduced into the

i \‘i\‘(i‘“f o



Figures 6 to 9 show vari ous types. of lugs and the—f+ent—part ~__ of the
partition used in- com“‘uﬂmmiﬁu lE respective T,HISJ@-]EEEI;—Q,@I’;EEP'LO is a

cross-section throug of the en?odlnBﬁHA"EDgure 11 is a
perspective vi ew showi hg % he partltlon of Figure d scal e;
Figure 12 is a cross-section through a nodified version of the exanple of

Ei:?ggrg?néor | ESW&&%eREr tf‘.ﬁé ?9pa8¢ Hdng Hﬂga%{iaqafgnéﬂhngréme%haﬁb& and

axial distance of the sealing means;

-
»

one of the substances being a liquid, the other substance
being a hygroscopic powder, the substances being separated from each

other before actuation of the plunger by the sealing means;

one of the ends of the sealing mean§'expgsed to the
liquid, the other of the ends being exposed to air inside of the

compartment haﬁing the ‘hygroscopic powder; and

_the sealing means further comprising minimizing means
adjacent to at least one of the ends of the sealing means or
‘therebetuween for minimizing any moisture in the bypass-stopper'from

emanating to the hygroscopic powder.

2. The prefilled syringe of claim 23, wherein the minimizing
means comprises another stopper between the bypass stopper and the

hygroscoﬁic pouder.

l25. The prefilled syringe of claim 23, wherein the liquid is
heat sterilized after being sealed between the plunger and the bypass
stopberaand wherein the bypass stopper includes a body portion
susceptible te taking in moisture, the bypass stopper taking in

moisture when the liquid is heat sterilized and such moisture
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Figures 13(A) and 13(B) are cross-sections thro ggﬁgmiqS&ﬁﬁwﬁle of the
Wﬁg repiiuif i ed version of

‘enbodi nent; Figures: ]ﬁ" vi ews sh

the third exanple of m”u,"jﬂﬂ Iﬁi ﬁ!&s 15-18 ar through a
prefilled syringe of a* krfown T wpes icularly shomnng t he manner of using
t he- syringe; and Flgure 19 is a perspective view showing a partition used
im the knéaﬁ’ﬁ equantily-gsegninggEramdlie bypassygberpers- 18. DETAI LED DESCRI PTI ON
OF THE PREFERRED EVMBODI MENT Exanpl e 1 Referring to F|gure 1, the exenpl ary
prefllled syringe has a

26;' A prefilled syringe for storing at least two substances
apart from each other in the syringe and for subsequently mixing the

substances in the syringe prior to injection, comprising:

_ ‘a tubular body having front and rear end portions and
front and rear compartments, each of the compartments having one of
_the substances, the front end portion being sealed by ; plug, the
rear”end port%on being sealed by a plunger having a push rod for
sliding the plunger axially in the tubular body, the rear énd portion
further naving a fingergrip;

a needle collar engaéable to the front end portion of the
tubular body for engaglng a needle for injection of the substances
which are mixed the needle collar including a receptacle for
receiv1ng the plug upon sufficient actuation of the plunger, the
needle collar having a passage about the receptacle through which the

mixedEsubstsnces are conveyed around the plug from the front

compartment to the needle for injection;

‘sealing means including a first stopper being axially
slidable in the tubular body and disposed between the front and rear

compartments for separating and sealing the compartments from each

other, sliding of the sealing means being actuated by a sliding of
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‘ﬁ chﬁe{am% and a
& epePOAISEDL t hr pugh the
Udes a front

general |y tubular body 1 whi ch i s open-at-the fr
*‘pl unger 2 having a push tod slidably mserﬂfd I nt

rear end. The push rod may ﬂmnﬁml he bod
conpartnent 4 and a rear H rated by a partition or sealing

means 3 in a liquid-tight manner," tHfe partltlon 3 being slidable axially in
t-he body theirplangpressure prOV|ded by the plunger 2. The front conpartnent
stores a nedicinal conmponent P in the state of powder nicrocapsule,
granul e, tablet, Iqu|d or any . '

) a bypass disposed between the sealing means and the front
end portion of the tubular body and generally between the front and
rear compartments for permitting one of the substances in one of the
compartmen;e to-bypass the sealing means. to be introduced into the

other compartment, the bypass having an axial length;

‘s o

the sealing means including a second bypass stopper being
axially slidable in the tubular body and disposed generally between
the front and rear compartments for separating and sealing the
compartments from each other independently of the first stopper, the
stoppe%g beiné generelly adjacenﬁ'to each other, each of the stoppers
having an axial tnickness, the combined axial thickness of the
stoppers being less than the 'axial length of the bypass, the stoppers
being 511dab1e at generally the same time by a sliding of the plunger
te be slid to be adjacent to the bypass whereby one of the substances
in one of the compartments is introduced into the other compartment;

and

each of'the stoppers comprising annular and bridging
ribs, each of the ribs sealingly engaging the tubular body, the
bridging ribS'bridging'between the annuler ribs whereby spacing

between the annular ribs is subdivided.
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other, and the rear conpartment 5 stores a vehifshesiegrik @ ggqdi d or any
sother form for dissolving or dispersing the nqdic+nmﬂﬁﬁﬁﬂp0ne_t P, or for
becom ng m xed therewith. The body 1 is provitgded—w-th.a hypass 6 on the

i nside wall. The bypass or bypass neans 6 is produced in the formof a
recess for introducing the vehicle L in the rear conpartnment 5 into the
Tront conpartment 4, which WABSTRACTOGB CJHELPUSCLOSUREaI | . The partition 3
tncludes a front part or portion or bypass stopper or stopper plug 3a and
a rear part or portion or bypass stopper or stopper.pl-ug 3b which are
tndependent of each other and separately novable. Each of the-partition
parts or stopperk Befilbed @wriager aapahle, of oseparatienstonage ofodifferently 1

to seal the rear o
substances before use. It includes a tubular body having an

'injection needie at one end and a plunger at the_other end, and a
partition slidable axially in the tubular body. _The'partition
includes a front'paft and a rear part independent of each other, and
as a whole dividihg the interior space of the tupular Pody into a
front compartment-and a rear compértment in a'sealing ménner for
storing mutuaily different substances. A bypass is disposed
generally between the front and rear compartments to introduce the
substance in,the_reap pompartmgﬁt into the front compartmenf when the
parti%ion ié slid ﬁnder pressure provided by ﬁhe plunger'to be
adjacent to the bypass to thereby mix the substances immediately prior

to injection.

This Sheet Has

AL 11D



conpartment 5 fromthe front conpartnent 4 i ndependent |
partition part with which it is paired. The conbi ned ax
partition parts 3a, 3b is less than the axial |ength off:

IT@hs éﬁé@sﬁt»—h\sféﬁhi ie

he Rapipass 6

pernmt sthe injection liquid to be conveyed fromthe red
t he front conpartnent 4.
the rgar end of the syringe,
ot herIbut ,
when T he front part 3a i-s slid into

the partition parts prefer

10

tO

When the partition 3 is between the bypass 6 and

ably engage each

if slightly spaced because of air being conpressed therebetween

Fig.1
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t he body during assenbly, the axial distance of such a space is |ess than
the axial wdth of one of the partition parts 3a, 3b. In_u
plunger 2 is initially pushed, the air between t he’ part.ﬁ4Q@HgaﬂW§5§§N b
i s conpressed by the npvenment of the rear part 3b. This! corrma?ssﬁ% ur

the front part 3a forward until the rear face of the fron N part
3a reaches the bypass 6, whereupon any air. between the partition parts 3a,
3b escapes therefromto.the bypass 6 to pernit the partition parts 3a, 3b
fo engage each other if not already engaged. It.-is in this engaged state
n which the partition 3 travels the remainder of the syringe. The front
ehd portion la of the body 1 is closed by a novable plug 7. As described

below in detail, the front end la of the syringe
Fig.3
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is capped with a cap carrying an injection needle. Herein, the_f
porti on of the syringe covers the front end of the syri: Vﬁﬁpfﬂﬁﬁ-ﬁé
portion extending slightly toward the bypass 6 frontthe TS Eﬁ_&dﬁbf th
syringe. Hereinafter, the front end portion of the syringe nma erred
to as the "front end of the syringe". It should be note at the plug 7,
before actuation of the plunger, may be spaced fromthe extrene front end
of the syringe to minimze the chances that the plug 7 will prematurely
slide out of the front end. The distant that the plug 7 is spaced fromthe
extreme front end may depend upon the volunme of the substances to be m xed.
Stich a vol ume may define the ‘space between the bypass 6 and the plug 7, and
hence the distance IFetg/eeﬁ the plug 7 and the extrene front -end.

Fig.7 = | |
' é .34
' Fig. 8 |
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Fig. 9 |
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As stated above, the bypass 6 has a | ength |onger than the t ot al
thi'ckness of the front part 3a and the rear part 3b § ‘,.l-srt;sgéhgkre 4,
Furthernore, the conbined axial length of the partilti h rs‘sf:.‘g a, 3b, and

t he plunger 2 (exclusive of the push rod) is greater _than the axial:length
of the bypass 6 to prevent backflow of air or. liquid fromthe front
copgpartnent 4 to the rear conpartnent. 5. The plunger 2 is pushed to the
left (Figure 1) V\heretfy'igqe’](}ont part. 3a and rear part 3b of the partition
3 are noved together in a spaced apart fas@cﬁn ﬂeﬁer pressure provi ded by
the plunger 2. I
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When ‘the parts 3a, 3b reach the bypass 6 as shown.in Figure 4, the vehicle
L in the rear conpartment 5 is introduced into the front conpar, '
t hrough the bypass 6, thereby effecting a desired action s < @ EngrSBEH4 _
di spersing, dissolving or mxing between the.nedicinal conpgd enﬁaimﬁﬂﬁ t he
vehicle L. In this way an injecting nedicine (or sinply an\inje 1T 1.5
obtained in the front conpartnent 4. By further pushing the pIunger 2,

t he injection is ejected through an injection needle 82. The prefilled
syringe is assenbled as shown in Figures 2A and 2B: Referring to Figure 2A,

the rear part 3b of the partition 3 is inserted in the body 1 and the
vehi cl e L Is put in the rear

Fig. 13(A)
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compartnment 5. Then the plunger 2 is inserted. The vepietle—t—s—heat-
sterillized by dry steam and then the inside surface ptHi$ BEEFT TR EEEN
conpartment 5 is air dried typically with sone heat (for BEEMHFEE up o

50-60 [err]) as long as such heat does not danage the-substanmce T the rear
conpartnment 5. During the step of 12 sterilization, the outer ends of
t he<rear stopper 3b and plunger 2 are exposed to the dry steam and nay
absorb or take in 'ﬁiure cXSlch may diffuse into the rear stopper 3b or

S

fe14

plupger 2. This no
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over a period of tinme, may escape by diffusion or_sone other.neans out of
the end of the rear stopper 3b or plunger 2 into M@thHﬁﬁ;gnigﬂmﬂg_ Thi s
emanating noi sture may then adversely affect the hygr ggeomsn poder whi ch

is contained in the front conpartnent 4. After the. nt 4 has
been dried and as shown in Figure 2B, the front part 3a of the partition 3,
which is kept away fromany noisture, is inserted into the body 1 through
the front end la until it cones relatively near to or into contact with the
rear part 3b soFabQtd5be adjacent thereto. A dose of powdery nedicinal
conponent P is-placed in the front conpartnment 4, and then the front end la
i's closed by the plug 7. In Lpis way §3éinished syringe is obtained.

. '3 :
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Wien the vehicle L is sterilized by steam the rear_part 3b of rﬁﬁ
partition 3 becones wet with deposition of dew or sa@wggmggiqmdgfL i sture.
Wii | e much of this nmoisture is removed when the front cogperdsment 4l|s
dried; some of this noisture remains in the rear stao di ffuse
out over a period of tine. The front part 3a is kept dry and away fromthe
sterilization process. The front part 3a thus seals the front conpartnent 4
agai nst any noi sture which nay escape fromthe rear partition part 3b. The

i nj ection needle 82 can be fixed to the syringe 1 in various manners as
shown fromFigures 3 and 5-9. A first exanple is

Fig.19
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- $3:ishown-in Figure 3: The exanple shown in Figure 3 has the front end la
capped with a cap 8 which includes a skirt 81 carrying
'.82. The skirt 81 includes a groove 8la on the inside suflf@e&
&1a communi cates with the needl e 82. Theireference nunetlal ‘8_}b9d§E\Bt1 36 a
space adapted to receive the plug 7 as shown in Figured'.DW%enmthe“Uruw81b
2-i.s pushed to the left (Figure I hs noved TNTO the space
~and tﬁe'vehicle Lin the rear 3%%%%?@%§E#ﬂ£ﬁ¢% introduced into the front
conpartnent 4 through the bypass 6. By further pushing the plunger 2 and
~after. the syringe is .

D

. FIELD OF THE INVENTION
The present invention relates geherally to a prefilled

' syringe,taqd more. particularly to a trefilled syringe eapable of
_sépabate storage of at least two different substances before use,
-wherein,one of the substances is for example a medicigal coTponent and
the other is for example a vehicle such as a dissolving agent or a
dieperéing agent, as the case maytbe. In this specification the term
"prefilled"” or "filled" releteS-to-a syringe in which a medicament is
Stored until use. This is in contrast to storing the medicament
‘separately.frém the syringe in a vial and then drawing it from tﬁe

"Viel with the syringelimmediately_prior to use. | -

BACKGROUND OF THE INVENTION

In order to explain the background of the invention; a
prefilled syringe of a known type will be described by reference to
Figures 15 tp 19: ‘

The exemplary prefilled syringe includes a -tubular body 31 and
-a plunger 32 with a rod. The'tubular body 31 has a front compaftment
34 and a.rear compartment 35 separated by a partition 33 which is
movable axially with the tubular body 31. The front compartment 3U

includes a bypass 36 produced in the form of a recess. So long as



into the needle 82 through the groove 8la. The needl e 82
fixed to the cap 8, or it can be fixed after the cap 8 is )
gyringe 1. Alternatively, the plug 7 may be arranged at a epn‘1v_f_ A vic il
pl aced at a distant- fromthe front end O0f the syringe such that .in use whén

pl a st a ont ne syrin atn
ar f%ﬁgﬁﬁéﬁféjf%é"ﬁtlﬁé°?£§§?§fn?ﬁﬁ iil?tngﬁ”e's_%%f;‘é%'gﬁg'gg@tﬁgﬁé ﬁggﬁg %%tp@:a?'ié e
cooper at | Rl seciigictioiftd uf by 36 OFRbRCAdIP Juif 5P TP ILTERE dahfief as

seal i ng .manner. The exanples shown 1 I gures
needl e 1Gshown in Figure 15 but when it is moved into the front compartment 3l,

an be pr

haken or swung to nix the liquid and drug, the Ln'ectionﬁ?l Lt 000 5 =
shaken g q g ) h FSEiLLAdﬁ%O%é?

an opening is forméd between the partition 33 and the bypass 36 in
the front compartment 3U. The.movement of the partition 33 is
performed by pushing the plunger 32. When the'hartitionﬁ33 is moved
into the front compartment 34, the liquid contained in the rear
compartment 35 is ihtroduced into the front compartmgpt‘3u ?hrough the
bypass 36 and dissolves or disperses the medicinal component in_the
front compartment 34 or becomes mixed therewith, as the case may be.

In this way an injection liquid is obtained in the front compartment

34, and is ready to be ejected from the tubular body 31. This

exempfqry.préfilled syringe is disclosed in Japanese Patent
Publication (allowed) No. 49-14465. : f -

_Figure 19 shous a modified version in which the partition 33
is provided with ring-shaped ribs 33a sd és to enable the partition
35 to smoothly slide on and along the inside wall of the tubular body
31 with minimum contact therewith. The exemplary prefilled Syringes
have the following problems: ' |

‘The front compartment 34 is filled with a powdery ﬁedicinal
component. When the_medicinal componént is liquid, it is first filled
in the front compartment 34 and then freeze-dried into a powdery
state as shown in Figure 17. A vehicle L for dissolving or dispersing
the medicinal component P is placed in the rear compartment 35. In

this way a finished syringe is obtained. If the vehicle L is to be

ET
Gapped -tg..ggﬁ..iss;]
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fhe exanple shomn in Figure 5 uses a stationary plug 7, and .a.cap.9 holdin
& doubl e- pointed needl e 10 which is projected into the; fg@mgﬁcg@a@ggpng§
through the plug 7. This enbodi nent is 14 advant age0us i n -t@atSEpt]ggs
the | abor of fixing theinjection needl?® 10, and the needl.g. 10 can bé

readily connected to the front conpartment 4 by fixingi-the-€ap-9:.t-0- Lhe

front. en%t@eﬁ%%zg&‘ebf am, nd WEgﬁv“lé hclao§ gf%gsgzg?ﬁr%'} hes i n $hd

whi'ch al | ows

I njection to ga

erein eled 1o or

cal l ect eqriigreNf7.” However, this steam sterilization is likely to denature

the medicinal component P in the front compartment 34. As a solution
to this problem, an alternative method is that after the vehicle L is

sterilized by steam, the medicinal powder P is placed in the front

.compartment 34. However, this method is disédvantageous in that

droplets of water or'moisture from the steam are likely to stay on or
impregnate or penetrate and later escape from the pagtition 33
(commonly made of rubber), thereby detrimentally wetting the
desiccated powdery'medicinal component P. | .

Since a powdery medicinal component tends to become unstable
in the presence of'water,.it'iS’eséential to dry out at least the

side o?athe ﬁartition 33 facing the front compartment 34 which

ve

e

contains a desiccated powdery injection. It is common'practise to -

'dry the syringe at a temperature of 100°C or more for hours.but this

high température unfévorably affects the vehicle L in the rear
compartment 35. As a result, this high temperature heat-drying
method cannot be adopted. |
It is common practice to provide the partition 33 with.annulaf
or ring-shaped ribs 33a along the periphery so as to reduce friction
between the parition 33 and the inside wall of the body 33. In this

case, they unavoidably form one or more ring-shaped grooves (G)

| therebetween. These grooves (G) trap the injection liquid when the

injection liquid is ejected from the rear compaftment 35 to the front

compartment 34 so that!the injection liquid remains unused in the



C|n|ty of the inlet of the needle 10, thereby preventing, the |m gt q_;
I|qU|d from stayi ng behind and renai ni ng unused. This av0|ds a‘naste Bit- h

injection liquid. Figure 6 shows another exanple of a pl g, J‘o&Qa E? 9(%
doubl e- poi nted needl e wherein the plug 7 hps an additional _recess /b the
outer side, the recesses 7a and 7b being aligned with each ‘ot her, thereby -

5% ! o BRSe¥SS (ErEepeRciEmIIFELR 10 BERAEL Rt 9 R BUAGHTERS
e, Toutoser"ane BaptAeracr T nelatacian setch e oty epopls
al rgned wchhougd teeeIYpaEsOBE Mddodistlery dea Q:fntdmmémﬂlany into the

' grooves (G) where it is trapped and remains unused. This results in a
waste of the injection liquid.

In using a prefilleq syringe, it is important to mix the
medicinal componeht and the vehicle into a homogeneous injection
liquid. Normaily, 1mmedia£e1y'prior to use, thé syginge %s.sgung by
hand to mix these substances. However, a difficulty arises in
pushing the plungef to the appropfiate position; if the plunger is
pushed excessively into the tubular body, it is likely that the -
medicinal componeht'and vehicle are injected through the syringel
withouﬁabeing"sﬁffiC1ent1y mixed. If the p;unger stays in the midst'
of the bypass 36, backflow of the liquid iéllikely to occur from the
front compartment to the rear compartment.' If the insertion of the
plunger is short bf the appropriate diStanée, the vehicle L in the
réar compartment fails to enter the front'compartment through the
bypass. .

In order to solve this problém; applicénts have considered
indicia or markings at an appropriate position on the plunger where
"the plunger is to be stopped. This marking method encountérs the
difficulty 6f how to retain the plunger temporarily from axial
'mbvément relativé to the tubular body while the mixing is effected by
swinging the syringe. Besides, attention must be constantly paid to
the marking while the rod is pushed. The conventional prefilled



%0 as to accommpdate the needl e end projecting through the e
of the flat rear face of the plug 7 it is easy to ascert ai n|| tHat-ACEMENT SHEET
injection needle end is projected into the front conpartmenf # 9 kggpuqﬁygt he
@ug 7. Figure 8 shows a further nodified_plug 7 having a conf&ve-surface........
on the inner side and the front part 3a hQV|ng a convex surface at - Figsssmsmms

forward epd r ont face .S, conpl.e ar the con
of the. pl B ﬂst%adﬁé(lif’?t‘i’ "an6S faidieea thiY m‘o&

av
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'SUMMARY OF THE INVENTION

A prefilled syringe according to the present invention
includes a_tubular body having a froﬁt end clbsable by é plug and
adapted to accept an injection needle and a rear end closable by a
plunger with a rod, a movable partition dividing the interior space of
the tubular body into a front compartment and a rear compartment in a
sealing'manner, the partitidn including a front part and a second
part which are independent_of each other, the front compartment
storing a first substance and the rear compartment storing a second
substaﬁce, aﬁ& a bypass produced in the front compartment with the
partition being axially shorter than the bypass so -as to introduce the
second substance 1nt6 the front compartment therethrough when the
, pgrtition is moved into the }ront comparﬁment under pressure provided

by the plunger, thereby effecting a predetermined action such as
dispersing or dissolving between the first and second substances.in
the front compartment.

According to another éspect of the present 1nvention, the
prefilled syringe includes a'tubular body having a front end cloéable
by a plug and adapted to accept an injection needle and a rear end
cloﬁable by a plunéer with a rod which is movable in the tubular
body, a movable partition dividing the iﬁterior space of the tubular

body into a front compartment and a rear compartment in a sealing

i
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P "4‘-"—'-—-—--.....'
tzhe plunger 2 and brought into contdotisgsieTtrhe gizug 71 & i ACEM AR M5S0
Figure 8 is advantageous in that bulbl es REBIAELEDO gatiheli in the center of
the concave surface of the plug 7 whep—the—sy+inge-t ﬁérv&bse ___________
prior to injection, thereby facilitatingghe removal of-the=bubhl:es.thaigh
the injection needle 10. Figure 9 shows a nodification to the exanple of

e BRSSPI T86nk oSG RGPty MM AL, SRR

the concave surface, the recesses /a _ "I gn eac

with the Ebﬂ?{ar‘ﬁﬁ!’eht?’%t%frih%eapéébbhaoﬂuﬁs’ﬁéﬁé@g e I §£966t 1 I AEEESnd @
in this noditication functions |ike the recess 7a as described wth respect
t o-exanpl eibcumferentially extending ring-shaped first ribs along the periphery

thereof with a-ping—shaped groove intefposed therebetween and second
transverse ribs for bridging and subdividing the groove into small
recesses, the second ribs héving the same height as that of the ring-
shaped first ribs; and a bypasé produced in the front compartment so
.as to introduce the second substance into the ffpnt c?mpartment
therethrough when the partition is moved into the front compartment
under pressure provided by the plunger, thereby effectiﬁg a
predetermined action such as dispersing or dissolving between the
first and second substances in the front compartment.

‘%The éyringe and rod may be respectivel& provided with an
engaging means for enabling the plunger to stop at an appropriate
position S0 that the predetermined action such.as dispersing or
dissolving is carried oﬁt with the ﬁwo substances being fully
cénfined in the front compartment. |

Thus, the invention described hepgin has the advantages of'(1)
providing a prefilled syringe which protects the first substance in
the front compartment against a'pre;treatment such as steam
sterilization applied to the second substance stored in the rear
compartment, (2) which pfevents the injection liquid from staying
behihd and remaining unused in the syringe, and (3) which‘provides
oﬁtimum conditions for'swinging tﬁe syringe for stirring the

substances in the front compartment.

as Been Reraced
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The exanples shown in Figures 6 to 9|fdy Sg@i L?‘:‘Ei‘lng iraped=t =& ch
secures sealing contact between the plug 7 and fhe inarﬁéphéﬁﬁMﬁ 7§W§ET!
syringe 1. The flange 7c is not necessarily required f, the-cq::qu?ggsofi
the plug 7 is precisely calculated such that7the plug |7 d8équat-ely-fts in
a sealing manner in the syringe 1. The bypass parts or~stoppers 3a, "3b,

plug 7, and pl unggfes & Wt%feﬁ‘»f %anc%%?dof’ft 4 rﬁ(ﬁ%ﬁﬁ”%v%ﬂ%‘ioisﬂii%n 2

synthetic rubber: In the exenplary or p erre I ment” the part

i s, Coﬁpoﬂﬁéb&ﬁetﬁ'ﬁgﬁ&-‘é@ltt R tetids@ndyiDfesoah BRb! afh it LAU48IngT ol CN

participates int steam sterilization of vehicle I'n the rear

conpar t mnidebstandli igh €ht of SElowd hg Wi 121 1 88 NigBcPESt n A 6N Fdfer@Rtbst 46 anef
the rear part 3b from reaching the powdered nedi canment.
accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

This invention may be better undérstood,gnd i§§ numerous
objects and advantages will become apparent to those skilled in the
art by reference to the accompanying drawings as follows:

' Figure 1 is a schematic cross-sectioh view through an
embodiment of the present invention; |

Figﬁres 2(A) and 2(B) show a process of assembling the
syringe, wherein Figure 2(A) shous a first step at whiqh a vehicle is-

’put in one compartment'and Figure 2(B) shoys a second step at which a
mgdicinal compoﬁent is put in the other cémpartment;

Figure_3 is a cross-section through the syringe of Figure 1
which is provided with a'éap into which the plug slides and-an

\ injection needle fixed to the cap;

Figuneiu-ié a cross—-section through the syringe of Figure 3
which is in use; |

Figure 5 is a cross-section through the syringe which is
provided with a stationary plug and a double-pointed injection needle

"'in the forward open end;

Figures 6 to 9 show various types of plugs and the front part

" This Sheet Has Been Re(ilaced
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However, if desired, the sealing neans may include ot hef HBde .u.
\n1n|n12|ng the emanati on of npisture to the hygroscoplc[ EMENTSHEBER
may include a thin noisture-inpenetrable seal pl aced leeCtIy-qy 1gg@nt
flace of the rear stopper 3b or conprise agear stopper ¢ orned"o -------------
material which is inpenetrable to noisture. Exanple 2 Referrlng‘Tﬁ“F (T
10.and Ilof tthe partiticinuled irPeobrRdtivhtiith REY Alddebt@fe "infg;shaped ribs
300 havi ng. grooves. (Q
Figure 10 is a cross-section through a second example of the

embod1ment°
Figure 11 is a perspective view showing the pgrtition of
Figure 10 on an enlarged scale;
Figure 12 is a cross-section through a modified version of the
example of Figure 10 in whiéh the partition and the plunggr have
ring-shaped ribs and bridging ribs; %

o
* o

Figures 13(A) and 13(B) are cross-sections through a third
- example of the embodiment;
Figures 1U(A) to 1U4(E) are views showing a modified version of
the third example of Figure 13;
. ';Figurés 15-18 are cross-séctions through a prefilled syringe
of a known type,.particularly showing the manner of using the-
“syringe; and |
Figure 19 .is a perspective view showing a partition used..in

the known prefilled syringe shown in Figures 15-18.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

. Example 1

Referring to Figure 1, the exemplary prefilled syringe has a
generally tupular body 1 which is open at the front and rear ends,
and a plunger 2 having a push rod slidably inserted into the body 1
through the rear end. The push rod may be detachable. The body 1



ther ebet ween. The adj acent grooves (G are bridged by
will be referred to as transverse or bridging ribs, ﬂe”%ﬂukﬁﬁN@ﬂTSﬂEEB
have the sane height as that of the first-nmentioned rilbs 300. The bri dgi
ri bs 301 subdivide the grooves (G into separate snal | Ttéeasb&EP.1896......
illustrated exanpl e has two grooves (G and % our bri dgr g FrH5—SoT

di splaced at 90 , thereby obtaining equally divided eight recesses in all.

The” annul ainelbwdes8GO fexhtnebmpargaent al landaar gt complaetiment I separatedt by
tubul ar -body 1 and the bridging ribs 301. The subdividing of the grooves

(G by the abpau'gimi@nr bb§®01nm‘ meamsz3sin lae lagwidrtighti mreeri, obhe ippritd tion
remai ning i_n the graoave. (G, ereby mnpimzing the amount of injection
li qui d whi ShPeERhSiddable axially in the body 1 under pressure provi ed by the

plunger 2. The front compartment stores a medicinal component P in
the state of powdef, microcapsule, granule, tablet, liquid or any
other, and the rear compartment 5 stores a vehicle L in a liquid or
any other form for dissolving or dispersing the medicinal component
P, or for becoming mixed therewith. The body 1 ig provided with a
bypass 6 oh the inside wall. The bypass er b&pass means 6 is produced
in the form of a recess for introducing tﬁe vehicle L in the rear
compartment 5 into the front compartment 4, which will be described
in detail. . ]

- * The partltion 3 includes a front part or portion or bypass
éetopper‘or stopper plug 3a and a rear part or portion or bypass
i;toeper'or-stoppeé plug 3b which are inhependent of each other and-
:separately movable;: Each of fhe partition parts or stoppers 3a, 3b
extends radially to the inner walls of the body 1 to seal the rear
compartment 5 from the front compartment I independently of the other
Qpartition part with which it is paired. The combined axial length of
£the partition parts 3a, 3b is less than the axial length of the
r‘bypass 6 to permit the injection liquid to be conveyed from the rear
*compartment 5 to the front compartment 4. When the partition 3 is

‘between the bypass 6 and the rear end of the syringe, the partition

parts preferably engage eaeh other but, if slightly spaced because of

air being comﬁfessed therebetween when the front part 3a is slid into

i ch

Al



unused.. The greater the nunber of bridging ribs mh|¢ gﬁﬁﬁnwﬁhﬁgl Ss
the anount of i njection I|qU|d whi ch remai ns unusedl ut as

t he bridging ribs increases, the friction created bbumeeneét_
and the inside wall of the tubular body 110 ncr easesi...i.her

snmoot h novenent of the partition 3 in the tubul ar 17 body 1. The
transver séher bady dbiniggr assemtslly ,ashbasxisr 91¥bande RIFC¥ABhE 4 'Ebddél gst 1?
I|qU|d fromflowing circunferentially about the partition 3. Hencé a |esser

quantity &hanrfhecaxdal |wigivhdof sone @fpthl partition parts 3a, 3b. In use, as
the plunger.z is inltlally pushed, the air between the partition
parts 3a, 3b is compresséd by the movement of the fear éart 3b. .This
compression drges the front part 3a forward until the reéf face of the
front partition part 3a reaches the bypass 6, whereupon any airj
between the parfition.parts-3a. 3b escapes therefrom to the byﬁass 6
to permit the partition parts 3a, 3b to engage each other'if ﬁot
already engaged. It is in this engaged.state in whléh thg partition
3 travels the remainder of the syringe.
. The front’énd'portion la of the body 1 is closed by a movable .
plug 7. As described below in detail, the front end 1a of the syringe
is capped with. a cap garrying an injection needle. Herein, the front
end porﬁlon of the syringe covers the front end of the syringe and a
;further portion extending slightly toward the bypass 6 from the frpné
end of the syfinge. Hereinafter, the front end portion of the syringe
may be referred to as the "front end of the syringe". It shouldfbe

,noted that the plug 7, before actuation of the plunger, may be spaced

from the extreme front end of the syringe to minimize the chances
that the plug 7 will prematurely slide out of ‘the front end. The.
distant that the plug 7 is spacéd from the extreme front-énd may
depend upon the volume of the substances to be mixed. Sugh a volume
may define the space between the bypass 6 gnd.the plug 7, and hence
the distance betweeﬁ the plug 7 and tﬁe extreme front end.

As stated above, the bypass 6 has a length 1bnger than the



ifh the circunferential grooves (G. As shown in FL.; gartg)i on
parts 3a, 3b nmay al so include such transverse or b .
. Further, it should be noted that, instead of beingl{flat as shown in i gure
11, the annular and bridging ribs may typical |y ha eheaacurﬂzesgﬂ 1996w 't o
reduce friction created against t he i nner rface of-t-he—tububa s

h dified
- Bxaml e 3tGeAPrkreasFhSRS 3O s gneggg% pk] ‘ge;sfqr%' 15

version will be descrl s exa els

action ofFﬁgep@tuh(nrpﬁpﬁﬁggmgpgnttﬁgeﬂg%bgﬁgacéfa g%hsgfh LR ¢ &hally

m xed in the front conpartnment so as to-obtain a eneous nje
liquid parts 3a, 3b, and the plunger 2 (exclusive of the push rod) is greater

than the axial 1ength of the bypass 6 to prevent backflow of air or
liquid from the front compartment 4 to the rear compartment 5.

The plunger 2 is pushed to the left (Figure 1)iﬁhereby tha
front part 3a and rear part 3b of the partition 3 ara moved together
in a spaced apart fashlon under pressure provided by the plunger 2.
When the parts 3a, 3b reach the bypass 6 as shown in Figure U, the
vehicle L in the rear compartment 5 is introduced into the front
compartment U through the bypass 6, thereby effecting a desired
action such as dispersing, dissolving or mixing between the medicinal
componént P aﬁd the vehicle L. In this way an injecting medicine (or
simply an injectioh) is obtained in the front compartment 1. By

" further pushing the plunger 2, the injection is ejected through an
inJection heedle 82.

The prefilled syringe is assembled as shown in Figures 2A and

Referring to Figure 2A, the rear part 3b of the partition 3 is
inserted in the body 1 and the vehicle L is put in the rear
compartment 5. Then the plunger 2 is inserted. The vehicle L is
heat sterilized by dry steam, and then the inside surface of the
front compartment 5 is air dried typically with some heat (for
example, up to 50-60 °C) as long as such heat does not damage the

substance in the rear compartment 5. During the step of



Ehréugh a predetermined chenical state such as disdihghégcg%ﬁg¥§§@%¥l g as
the case may be. The stirring is facilitated by a gw ngrng of the syrjinge.

‘Inthis case, it is difficult to retain the pl ung'e'rl;- 2.at af sg?rlrgﬁia e
pl ace when the injection liquid is in thgfront corpartiEit i the pllunger
2 is noved excessively into the tubular body 1, the nedicinal conponent P

d vehi | i k to . be inject th h, th ' i t hout
0 e o S BhThobicble 38 oA Lo R Bt 36 R bbbt a1
boch” 31 B3folEh ;8. fha ary Wk LHAOREY" bl G ¢hRE PAhSLstie, WRYCA'

may diffuse into thé rear stopper 3b or plunger 2. This moisture,

over a period of time, may escape by diffusion or some other means
out of the end of the rear stopper 3b or plunger 2 into which it
entered.. This emanating moisture may then aaversely éffect the
hygfoscopic powder-which is contained in the front compartﬁent y.
After the front compartment 4 has been dried and as shown in
Figure 2B, the fr&nt part 3a of the partition 3, which is kept away
from any moisture, is inserted into the body 1 through the front end
la until it comes relatively near.to or into contact with the rear
part 3b so.as to be adjacent thereto. A dose of powdery mediéinal
componént P ié placed in the front compartment Y4, and theﬁ the front
end 1a is closed by the plug 7. In this way a finished syringe is"
“obtained. | a
) Whén:the Qéhicle'L is sterilized by steam, the rear paft 3b-of
the partition 3 Sécomes wet with deposition of dew or saturated with
moisthre. While much of this moisture is removed when the front
, compartment 4 is dried, some of this moisture remains in the rear
‘stopper 3b only to diffuse out over a period of time. The front part
3a is kept dry and away from the sterilization process. - The front
part 3a thus seals the front cbmpartment i against any moisture which
may escape from thé'rear partition part 3b.
The injection needle 82 can be fixed to the syringe 1 in

various manners as shown from Figures 3 and 5-9. A first eXample is



18 plunger 2 is inserted. The fingergrip 100 has. ap.ipner— al-rimor

syringe portion 101 projecting slightly into the ?hp&ﬁg@cﬁﬁnggﬂEQku ger 2.

The plunger 2 has a rod 20 which is provided with erJectbogE opgé 201

oh the periphery thereof; in the exenplary jbodi lggm_fp ......... E _________ tipns 201

are displaced at 90[err] around the axis of the pHMnGP#~2-— H—af—tlhe nubs

201 exteq%H% adlal and axial direction. The nubs 201 are axially
Afnad

spaced f *§9ﬁ§133uch that the plunger 2 freely slides tErough thed
rear conpartmente 1 al so, axi al aced fromthe rear en
of the push rod slget%%?'p?% ﬁbq"%n&gr LBULE; %Igla F’hé Ifqunl"‘rr%%r?at gerpedHith
ggxgrf Medllca 8EAILIP'HeT6hES s Hirk el Wedh§ing" ot 1R 382! heShd . !
The skirt 81 includes a groove 81a on the inside surface. The groove

81a comﬁunicates with the needle 82. The reference numeral 81b
denotes a space adapted to receive the plug 7 as shown in Figure-u.~
When the plunger 2 is pushed to the left (Figure h), the plug
7 is moved into the space 81b,'and the vehicl¢ L in the rear
compartment 5 is introduced into the front compartment U through tﬁe
bypass 6. By further pushing the plunger 2 and after the syringe is
shaken or swung to mix the liquid and drug, the injection'is
introduced into the needle 82 through the groove 8la. The needle 82
can be' previously fixed to the cap 8, or it can be fixed after the
cap 8 is capped to the syringe 1. - -
) Alternatively, the plug 7 may be arranged at assemﬂly to be
placed at a distant from the front end of the syringe such that in use
when it is pushed by the plunger 2, it will remain in the front end.
This arrangement and the later mentioned safety engagement means ére
cooperatively effective to fully confine the front_compartment 4 in a
'_sealing.manner. | |
The examples shown in Figures 5 to 9 use a double—pointed
needle 10:
The example shown in Figure 5 uses a stationary plug 7 and a

cap 9 holding a double-pointed needle 10 which is projected into the
front compartment 4 through the plug 7. This embodiment is



engagement with the inner peripheral rim 101 when the-—fearward-emrd—o face

of the front part 3a of the partition 3 reaches t 5i de
(Ieft hand si de) of the bypass 6 as shown in Fi gupj t he
bypass is alnost or in fact shut off rel gyive to tPE¢$erT -:;_]t 4 to
m nim ze or prevent backflow to the bypass 6. At this—positFo ear
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into the pus regron during a shaking o e “Syr

ted th th e
bush rod- 307 o SRy LIS pbB IR hn B rERBI Y Sfith Pt dlbo BHY trofd

the bypasgompdraiment) Jober 1S thehgap eNdbhtRé FrmtPleHiIes. 2 ithe plu

sufficiently long relative to the position of the nubs 201 on the pus% rod
SO as to is provided with a recess 7a on the inner side which allows the
injection to gather therein and to be funneled to or collected in the
vicinity of the inlet of the needle 10, thereby preventlng the
injection liquid from staying behind and remaining unused. This

avoids a waste of the injection liquid. N

Figure 6 shous anoﬁher exémple of a plug for a double-pointed

) ‘needle wherein the plug 7 has an additional recess Tb on the outer

side, the recesses 7a and 7b being aligned with each other, thereby

facilitating the passage of thé.needle 10 because of the reduced

ﬁhicknéég of the plug 7. In this example, the respective plug 3A has

g flat frbnt face. : . -
i Figure 7 shows another example, characterized in that the face
of the front part 3a of the paftition 3 is pro#ided with a recess 30a
wﬁich is aligned with the recess 7b on the outer side of the plug 7
so as to accommodate the needle end projecting through the plug 7.
Because of the flat rear face of the plug 7 it is eésy to ascertain
that the injectioﬁ needle end is projected into the front compartment
4 through the plug 7.

o Figure 8 shows a further modified plug 7 having a concave
surface on the inner side and the front part 3a having a convex

surface at its forward end or front face which is complementary with

the concave surface of the plug 7 when .the partition 3 is pushed by



m ni'm ze | eakage to the rear conpartment. The fin ip. 100 is preferably
nade of resilient synthetic resin to pernmt the flnggpg&¢ %ﬁE&?O to
tEgPH
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fingergrip 100. Alternatively, ei thegg the nubs 2Q1sn.qr b
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100 and nubs 201, may be resilient. I'n operation, las=the-first ot
pl unger S ure )..1q the exte that the
proj ection ﬁéf@'%%grgg gr%‘ﬁgﬁ%}lﬂ{;}% aa%(g#@%E W’ﬂh tlhﬁe Yhdr peri pher al

resilient rim10leqpis structure of Figure 8 is advantageous in that bubbles

t he

tend to gather in the center of the concave surface of the plug 7 when
the syringe 1 is raised upright prior to injectiqn, thereby
facilitating the removal of the bubbles through the injeétion needle
10. | |

Figure 9 shows a modificatlon to the example of Figure 8,
characterized in that the plug 7 is provided with a’ recess 7a in the
concave surface, the recesses 7a and 7b_being aligned with each other,
with the front part 3a of the partition 3 having no recess. The
recess Ta in this modification functions like the recess Ta as'
described with respect to example 5.

‘_ The examples shown in Figures 6 to 9 may have a ring-shaped
"fiange Tc which secures sealing contact between the plug 7 and the
" inside yall of the syringe 1. The flange 7c is not necessarily

required if the diameter of the plug 7 is precisely calculated such
tﬁat the'plug 7 adequately fits in a seaiing manner in the syringe 1.
The bypass parts or stoppers 3a, 3b, plug 7, and plﬁnger 2 ére
preferably formed of an elastomer such as synthetic rubber.

In the exemplary or preferred embodiment the partition 3 is
composed of the front part 3a and the rear part 3b, the latter of
“which participates in the steam sterilization of the veﬂicle'in the
rear compartment S, anﬁ the former qf which minimizes or prevents

moisture of the rear part 3b from reaching ﬁhe powdered medicament.

However, if desired, the sealing means may include other means for

A



and Stopped fromentering the tubular body 1. quﬁ*~_ S TiT 1 t he
vehicle L in the rear conmpartment 5 is introduced g%%&ltr}}%”%%ﬁ%“?&eﬂ
conpartnent 4 via the bypass 6. \Wile the projectigns 20k 3aQgpPrigggi ned
agai nst the inner peripheral resilient rnigm 101, th SYriwge s sWing lf o

stir the nedicinal conponent P and the vehicle L to obtain a honogeneous
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strong enough to disengage the projections 201 fromthe inner perip
resilient3biformed of a material which is impenetrable to moisture.

Example 2 _
Referring'to Figures 10 and 11, the partition 3 is provided
with a plurality of ring-shaped ribs 300 having grooves (G)
therebetween. The_adjacent grooves (G) are bridged by ather ribs 301
which will be referrgd to as transverse or bridging ribs. The
bridging ribs 3d1 have the same height as that of the first-mentioned
ribs 300. The bridging ribs 301 subdivide the grooves (G) into
separaﬁq smali'receSsEs. The illustrated example has two grooves (G)
and four bridging ribs 301 displaced at 90 ° , thereby obtaining
" equally divided eight recesses in all. The annular ribs 300 extend at

generally a right angle to the axis of the tubular body 1 and the
bridging ribs 301. '

The'subdividing of the grooves (G) by the bridging ribs 301
minimizes the amoﬁnt of_injeqtion liquid remaining in the groove (G),
thereby minimizing the amount of inJeétion liquid which remains
unused. The greater the number of bridging ribs which are used, the
less the amount of-injection liquid which remains unused,.but as the
numbér of the bridging ribs increases, the friction created between
the partition 3 and the inside wall of the tubular body 1 increases,

thereby preventing smooth movement of the partition 3 in the tubular



101. Then the |nject|on liquid is ejected in a honngamggy§hyuﬂbm§grs1ate:
An alternative exanple is shown in Figures 14(A) tjo 14(E@bé£$ xanple S

characterized by the provision of slots 102 in the hRpeT e pier. i m or
syringe portion 101. The'illustrated exdfpl e has ﬁnﬂ%-%kﬂke-“““ 4. pl aced
at 90 . The rod 20 of the plunger 2 is provided with a nunber of blades

202 correppagding tQh%h%kaﬂgv%Q%e or®riliginglB4p80abiahst BErRL B8RSSR DS, CON

fit into the slots 102.
prevent the inJection liquid from flowing circumferentially about the

partition 3. Hence:a lesser quantity of injection liquid is trapped
in the circumferential grooves (G). As shown in Figure 12, the
partition parts 3a, 3b may also include suﬁh transverse or bridging
ribs 301. Further, it should be noted that, instead of being flat as
shown in Figure 11, the annular and bridging ribs may typically have
alcurve or crown to reduce friction created against -the 1qper surface

of the tubular body.

Example 3

Referring to Figures 13(A)-(B) and IH(A) (E), a further
modifled version will be described:

This example is designed to assist a stirring action of ths
medicinal component P-and vehicle L after such are iﬁitially mixed in
the front compartment so as to obtain a homogeneous injection liquid
tﬁrouéh a predetermined chemical state such as dispersing or
dissolving as the case may be. The stirring is facilitated by a
swinging of the syringe. In this case, it is difficult to retain the
plunger 2 at an appropriate place when the injection liquid is in the
front compartment; if the plunger 2 is moved excessively intb the
tubular body 1, the medicinal component P and vehicle L aré likely to
be ihjected tﬁroughathe syringe without reaching a homogeneous state.
To solve this difficulty, ﬁhe tubular body 1 is provided with a disc-
shaped fingergrip 100 at fhe end of the tubular body 1 into which the



bt ades 202 have a size to permt passage through. e €&
after the push rod 20 has been rotated or turned Efﬁﬁﬂﬁﬁ§
their respective slots 102. The | ength fron1tha!centnag SFEq tte rod
20 up to the top edge of each bl ade 2024’5L sli ght'k)PaFeeir-ge__r ------ an--
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projections or nubs 201 on the periphery thereof; in the exemplary
embodiment, four projections 201 are displaced at 90° around the axis
of the plunger 2. ..Each of the nubs 201 extends in a radial.and axial
direction. The nubs 201 are axially spaced from the rim 101 such that
the plunger 2 freely slides through the rear compartjient 5: The nubs
201 are also axially spaced from the rear end of the push rod so that
the plunger 2 slides freely through the front compartment 4. Each
projection 201 is located at such a position that it comes into
engagement with the inner peripheral rim-101 when the forward end or
face of‘the ffont part 3a of the:partition 3 reaches the outlet or

front side (left—hand_side) of thé bypass 6 as shown in Figure 13(B)"

--such that the bypass is almost or in fact shut off relative to the

. front compartment I to minimize or prevent backflow to the bypass 6.

At this position, the rear compartment 5 is completely sealed by the
plunger 2 to prevent backflow into the push rod region during a
shaking of the syringe. It should bé noted that the syringe is
coﬁservatively constructed so that, even if the push rodlz is pushed
slightly past the nubs 201; the plunger still seals the bypass inlet.

In other words, the 1ength of the plunger 2 is sufficiently long
relaﬁive to thé position of the nubs 201 on the push rod so as to
minimize leakage to the rear compartment. The fingergrip 100 is

preferably made of resilient synthetic resin to permit the fingergrip

~he |li nsi de

"
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as shown in Figure 14(D) such that the front conpa#

At this position, the plunger 2 also seals the reaf” conpar n§€g gdi nst
backfl ow fromthe bypass 6. In using the ﬁiélnge [Peter:olf. RO pushed
until the front -ends of the blades 202 co into eﬁﬁﬁﬁ%ﬁenrﬂmﬁfrTTmrrear

i, h t.he
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this positthe,.riagesgoyy 100 BhaUAELS 40D), hig e 98ki Pt 3a of the partition
3 has reached the |eft-hand side of the bypass 6 to

In operation, as the first step, the plunger 2 is pushed as

shown in Figure 13(B) to the extent that the projections 201 are
brought into engagement with the inner peripheral resilient rim 101
and sfopped'from enfering the. tubular body 1. During this first step,
the vehicle L ih the rear compartment 5 is introduged'inty the front
compartment 4§ Via the bypass 6. While the projections 201 are
retained against the inner peripheral resilient'rim'1b1, the syringe
is swung to stir the medicinal component P and the vehicle L to obtain
a homogeneous mixture. The projections 201 thereby prevent the
plungéh_z freh-being slid further forwardly such as by centrifagal
force created by swinging the syringe. As the second step, after an
injection liquid is obtained through a 'desired action such as
dispersihg or dissolving of the medicinal component P with the vehicle
L; the plunger 2 is pushed by a force which is strong enough to
disengage the projections 201 from the inner peripheral resilient'rim
101. Then the injection liquid is ejected in a homogeneously mixed
state.
An alternative example is shown in Figures 1U4(A) to TH(E)

This example is characterized by the provision of slots 102 in the
,inner peripheral rim or syringe portion 101. The illustrated example_
has four slots 102'diSplaced at 90 ° . The rod 20 of the plunger 2
is provided with a number of blades 202 corresponding to that of the

or in -
fact sealed relative to the bypass 6 to prevent b %EP@ACEMEUTﬁHEny:aSS 6.



21 alnost or in fact shut off the bypass 6 and t
conpartnment 5 has conpletely entered the front c%

rﬁﬁ?%&ﬁﬁﬁcﬂTﬁﬁEFﬁe pl unger -
2 has engaged the rear stopper. Then the syringej

is s g nabl e
tshe nedi ci nal conponent P and vehicle L to2@x into 'a"h ﬂ§§eneous ‘i) ection
liquid through a predetern1ned action such as dispersing of di'§S6lVing as

onca” S TRUREI0Z 05 T Bags ot dh R0 S oL 8tpECI908! e
shown in EIGNESBZUEZEhveldIéﬂ%bstﬁfb@rmit passage through the respective slots
102 after the push rod 20 has been rotated or turned to mafch the
blades 202 to their respective slots 102. The length from the
central axis of the rod 20 up to the top edge of each blade 202 is
slightly larger than the inside diameter of the peripheral resilient
rim 101 so as to enable each blade 202 to fit in the respective slots
102. The forward end or engagement portion of eHch b%gde'202 is
axially spaced from the inner peripheral resilient rim 101 before the
plunger 2 is actuated. The forward end of each blade.202 is
positioned so that each blade 202 can come into engagement with the
rear end face of the fingergrip 100 when the forward end of the front
part Bé%of the partition 3 reaches the left-hand side of the bypass 6
as shown in Figure 14(D) such that:the front compartment # is almost
or in fact sealed relative to the bypass 6 to prevent backflow into
the bypass 6. At this position, the plunger 2 also seals the rear
cémpartment 5 against backflow from the bypass 6.

In using the syringe, the rod 20 is pushed until the front
ends of the blades 202 come into engagement with the rear end face of
the finger grip 100 as shown in Figure 1l4(c) which.shous the
relationship between the blades 202 and the slots 102. The rod 20 is
thus prevented from further entering the tubular body 1 such as when
swinging the syringe creates a centrifugal force on the plunger 2 and
rod 20. At this position, as shown in Figure 14(D) the front part 3a
of the partition 3 has reached the left-hand side of the bypass 6 to



t-he injection liquid is ejected through the syri"erjn {10 Eouyg| v
m xed gtate 22 CLAI M5 1. A prefilled syrin ‘E@bﬁ%F“EPﬁ%S‘ t ybul ar
body having front and rear end portions and havilh adid P]996par1nents
ttherei n, each of said conpartnents havingia separhgﬁ substance ‘ther gi n

sai d front end portion-being seal ed and engageable wih a needle Tor

0] ecti on ook U FABE Sl B LAEbyBaSs 8 Hhid tROVGIRe" £3In Ak RRGHT 0N

bei ng seal nger
compartment 5 has completely entered the front compartment 4 as the

plunger 2 has engaged the rear stopper. Then the syringe is swung so
as to enable the medicinal component P énd vehicle L to mix into a
homogeneous iﬁjection liquid through a predetermined action such as
dispersing or dissolving_as the case may be. Finally the plunger 2
is turned or rotated and again pushed so as to enable the blades 202
to pass through the slots 102 as shown in Figure 1Q§E). }n this way
the injection liquid is ejected through the syringe in a

homogeneously mixed state.

L]



havi ig a push rod connect abﬂwherewth for axially_ sl i_di d—g] unger

said tubul ar tﬂ%\“ﬂﬂ‘ﬁu‘
separating and acent conpartnenhs Tron1ea E Q@%
sl i dably di spos&d $n ‘sai'd tubular body bet ween saig, ad aSé ﬂ

sai d sealing neans being slidable in saJEQtubulér bmdy

sliding of said. pﬁhﬁ'@? bi‘aﬁf?ﬂdd ubul ar body; and a-
seal i ng neans and sai )

tubul ar body, said bypass permtting one of the subktan
adj acent conpartnents to bypass said sealing means

ans conpri sing alfJ; {q¥ﬂ§@§sﬁg@p--r for

..........................

-t
S e,_‘vmﬂ aid
front en portion havi ng an i

e introduced into

axially

al opg said

the other of said“adj Acprmef iddredasyniwde forhsteringatd leaslti tgonsalnstdngdsher
conprises a second bypass stopper axially slidably disposed’in said tubular
body bet wedpariaifdrosdpack mthesnbarthe sysisgpatdt fog subsequently mixing the

substances in the syringe prior to injection, comprising:

a tubular body having front and rear end portibns and
front and rear compartments, each of the compartments having one of
the substances, the front end portion being sealed and engagable to a

needle for injection of the substances which are mixed, the rear end

portion being sealed by a plunger having a push rod for sliding the

plunger axia;ly in the tubular body;

sealing means including a first bypasé stopper béing
axially slidable in the tubular bndy and disposed between the front

each other, sliding of the sealing méans_being actuated by a sliding

of the plunger;

a bypass disposed between the seéling means and the front

end portion of the tubular body and generally between the front and'

rear compartments for permitting one of the substances in one of the
compartments to bypass the sealing means to be introduced into the

other compartment, the bypass having an axial length; and

This Sheet Has Been Replaced
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and rear compartments for separating and sealing the compartments from
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and sealing said adjacent conpartnents fronieach-otﬁer iﬁaéééﬁ@e

said first bypass 3j i M“Et and second By [ i
| ocat ed adj acent t Wm“‘“t“m“‘lsl et ween sai d byp &3 %}g‘e@%ﬁ
said first and secontl bypass"stoppers each ﬂyving'an;axBaSEPH

t hat the conbined axial thickness of said first and second bypass st'oppers
Is | ess than said axi I t.h of said._b S such t upon .sl i di of
said plunger in said ?i]ﬁu?%?g“ﬁéd ?agsaﬁgc¥€$§lg ﬁnﬁe%ﬁhgpﬁ%aﬁ?pgf’ﬁp Ring
are slida ' t t S ' e i

adj acent g%ﬁ%%?#ﬁ%%ggg%gﬁsﬁé%ﬁﬁt?ggﬁgéﬁt?%?bgﬁﬁeag (%gﬁgﬁeggﬁggégﬁécenﬁi

conpart "eNdifd rar c-Uﬂi%aPtﬁiEhi;éeﬁdﬁ%éﬂ'&ﬁ%ﬁfngchﬂ'ﬁ”}se&liﬁ@‘;f% ﬁ%ﬁ@%@é‘@ye

between said first and second bypass stoppers, prior to

pl unger i nfrsen cedabWtierdddiependensdyt banthéer pxs el stdppeeshOfstiphelis |
said first and second bypass stoppers. 3. The prefilled syringe of  claim
2, wher ei rbesiaigdgénerstl 1yndd Jacemtd toygads oshapp@aghad® the stoppers having an

axial thickness, the combined axial thickness of the stoppers being
less than the axial length of the bypass, the stoppers being slidable
at generally the Same time by a sliding of the plunger tq'be slid to
be adjacent to the bypass whereby one of the substances in one of the

- compartments is introduced into the other compartment.

_ 23* The prefilled syringe of claim 1, wherein the distance
betweéh%the éioppers is less than the axial thickness of one of the

stoppers. ' -

@3?‘ The prefilled syringe of claim 1, wherein the stoppers

engage each other.

U7 The prefilled syringe of claim 2, wherein the stoppers are
spaced from each other when disposed between the bypass and the rear
end portion of the tubular body, the stoppers subsequently engaging
each other adjacent to the bypass after being slid thereto.

fS?u-The prefilied syringe of claim U4, wherein each of the

stopperS'iﬁcludes a confronting end, the cdnfronting ends of the

heet Has Been Replaced
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spaced from each other prior to sliding of said plung

body. 4. The prefi ﬂ ' | aim 3, wherein éﬁﬁlﬂhamgwiéﬂg§ﬁ
second bypass stOpp‘!ﬁ l‘ M"“mmﬁm ing end, said cdpfronting ends
confronting each other andtdefimnd a- Spaqgitherebet éh”*’QOSEP

of said plunger in said tubul ar body, and “Said space

pref 1] od sysb0810b Saies WhekEhBnERhd. LhEH! oac@,derseeonﬁaiﬁpgagsggp@gcge;r ;

confront eac prior ‘to sliding o plunger

23 6. ThenepeBbthé&tl uhkhi D8E HoppbRs Mrk dYERIRI OB tha! ByfddsStindNthe

second bypass
rear end portion of the tubular body, the space being empty.

6. The prefilled syringe of claim 1, and further comprising a

method of loading the sybinge, the method comprising:

a) inserting the first stopper into the rtubular body to a

position between the bypass and the rear end portion of the body; then

b) at least partially loading the portion of the body
which 3§ between the first stopper and the rear end portion of the
body with at least one liquid substance; then -

c) inserting the plunger into the body to seal the liquid

substance between the plunger and the first stopper; then

d) heat sterilizing thé liquid substance while it is

sealed between the first stopper and the plunger; then

e) drying at least the inside of the tubular body between
the first stopper and the front end portion of the body;'then

f) inserting the second stopper into the tubular quy to a

Sheet Has Been RTlaced
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stoppers conpri ses a cyllndrlcal surfaces_having ypat-ar. WaleTMals rlb%'
l.ocat ed t her eon agmmmmulg‘ gi ng sai d tubul gf REedyxCEmENG r ribs
having a space th id bridging ribs exteneh@gsgﬂe n sai d
ahnul ar ribs and stibdf vi'di Mg $ai d space 2 tween sdj Bemnnul.ar..ribs.. The
prefilled syringe of claim1, wherein sa pl unger—=s=seatkabty—engaged in

the end r qsosiuiion Bethbes Nend WS sBofier Andlichd! Boodle SYRRLANERS g“t of

the front end portion for injection, pl unger rising annu

bridgi ng redmpartdentcygainlit @ahissurdé a4Achensy égcéﬁ@ Qrbhbéhé3@fﬁggogtééﬁ%r

cylindrical surface and sealingly engaging said tubular body,
bri dgi ng raisk whickrmangoldeckam aaddemmatkafron thenbed aify the £lrek EQBPE@T‘]
unger

the annul ar ribs is subdivided to prevent substance flow around the p
bet ween tH@‘léWnélﬁa@PW-‘-’dstﬁapfthbe Byiosdd . SlihstanAepr’e!led led syringe,
conpri si ng:
8) at least partially loading the portion of the body
which is.bétween the second stopper and the front end portion of the
body with another substance; and then o
h) sealing the front end portion of the tubular body to
seal in the substance which is between the second stopper and the -
front end portion of the tubular body.
'3§ A prefilled syringe for storing at least two substances

apart from each other in the syringe and for subsequently mixing the

substances in the syringe. prior to injection, comprising:

a tubular body having front and rear end portions and
front and rear compartments, each of the compartments having one of
the substances, the front end portion being sealed and engagable to a

needle for injection of the substances which are mixed, the rear end
portion being sealed by a plunger having a push rod for sliding the
plunger axially in the tubular body;

! bypass stopper being axially slidable in the tubular

This Sheet Has Been Re’ilaced
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a~tubul ar body-having front and rear end 'PorGeoms

pormartrent s, e TUMIBIULMBANE . =ne s o ne e

of the substances”after they are nixed, ang saidL arhimn.. |
seal ed by a plunger having a push rod conn gtabl LSS

stiding saiafiylamyedisposaidbbuhided vhed¥rohtdWhRP S ORI AR Ys for
slidabl'y disposed in said tubular body between said front and r

- conpar t merftepatetisgpanditsend ingd theat digramedts OffH eaRAt étﬁéro,msqaﬁfingt Ber
sai d bypass stopper being slidable in said tubular body in response to
slidi ng oftheéaPgoppemdesing asgudtedboy & siddyngnek swied phypges, sHepR@oppayi ng
an axial thickness; and a bypass di sposed between said bypass stopper and
sai d front'@¥AB8 Rt tAXdAalothEcknessubul ar body having an axial |ength greater
than said axial thickness of said stopper, said stopper being slidable to
sai d bypass in response to sliding of said plunger- and said

a bypass disposed between the stopper and the front end
portion of the tubular bbdy and generally between the front and rear
compartmenfs for permitting one of the substanqgs'in.Pne of the
compartments to bypass the stopper to be introduced into the other
compartmént, the bypass having an axial length greatér than fhe axial
thickness of thé stopper, the stopper being slidable to the bypass by
a sliding of the plunger; and

the ‘stopper ‘¢omprising annular and bridging ribs, each of
the ribs&sealingly erigaging tﬁe=ﬂubulaﬁfbody, the bridging ribs
bridging betwéen the annular ribs whereby spacing between the annular

ribs is subdivided.

2y

8. The prefilled syringe of claim 7, wherein the annular ribs
extend about the stopper at generally a right angle to the axis of
the tubular body. -

Q} The prefilled syringe of claim 7, wherein the annular and

bridging ribs extend at generally right angles to each other..

) This Sheet Has Been Rzﬂlaced
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hypdss pernmitting one of the substances in one of sgkd ot

bypass said s oduced i fTO tie Uan. _ EL&QEMENTﬁHﬁFT wh
sai d st opper “mm " ""W%”H"Wherel n >ar“63§§$ ri s§ &ﬁ%ndrl caI
surface haV|ng*annu s and bri dgi r i ted o9 ealingly

engagi ng sai d tubul ar body, said annular bs naV|ng‘a‘space t her ebet ween

210 apace betwadh s Bhkar L sPRLAES broBldtal B ieind é&biba”d gt B H
Che o o Ly oide, A LRSS H N 1085 PR hrAlPERaBtef vl Shknooth &

wher ei n sgh harimel ae péggtp%hggémlhgbé‘dy@ggnd at right angl es to each
ot her-

417} The prefilled syringe of claim 10, wherein the bridging
ribs include at least four bridging ribs spaced équidistancé from- each

other in each of the spacing grooves.

12. A préfilled syringe for storing at least two substances
apart from each other in the syringe and for subsequently mixing the

substances in the syringe prior to injection, comprising:

a tubular body having front and rear end portions and
front and rear compartments, each of the compartments having one of
the subStances, the front end portion being sealed and engagable to a
ngedle for injection of the substances which are mixed, the rear end
portion being sealéd.by a piunger having a push rod for sliding the
plunger axially in the tubular body, the rear end portion of the

tubular body engaging a syringe portion for engaging the push rod;

a bypass stopper being axially slidable in the tubular

body and disposed between the front and rear compartments for
-sepafating and se#ling the compartments from each other, sliding of
the stopper being actuated by a sliding of the plunger, the stopper

having an axial thickness and a front section; -
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24 11. The prefilled syringe of claims, 'mh@pelnoééﬁﬁiannul
.at least three annul ar ribs extending ‘par “aldeelrIE® ea hggbﬁéEﬁgnﬁ@iﬁEﬁe

anore n'Sar S or ERIITIRAING . < Feest T 5 57 e - el

equi di stantly frdm éach ofhet i*n each of said spaces.| I3.——The—prefitd
syringe of claim8, and further conprising2®& second bypass stopper axi al
slidably disposed in said tubular body between said front and rear

conpartments for sepasaiypigssaddspeséd n@thabn tHeoRopPer rAR the"PAbhTEME
from each ot her independently of the first bypass stopper, said first and

second bypadson ofpbhe twbuiar bodyeshdgiencrally betaebnotihefirondi enéli p&dr and
second bypass stoppers each having an axi al

e e Ty
et

compartments for permitting one of the substances in one of the

compartments to bypass the stopper to be introduced into the other

ly

compartment, the bypass having an axial length greater than the axial

thickness of the stopper, the stopper being slidable to the bypass by
a sliding of the plunger, the bypass having an-inlgp'and"an outlet;.
and

‘ the push.rod connected to and extending rearwardly from
the plunger for sliding the plunger in a forward direction from the
rear end portion to the front end portion of the tubular body, the
push ﬁoﬂ hafipg,an engagement portion for engaging the syringe

portion, the engagement portion being axially spaced from the syringe

" portion before!thé'plunger is actuated, the engagement and syringe -

portions engaging each other after the plunger has engaged the stopper

and after at least the plunger has been slid to a position adjacent

to the inlet of the bypass to seal the bypass relative to the rear
- compartment to prevent Sackflow into the rear compartment, the
engagement and-syringe portions being disengagable from each other
such that the push rod is further slidable in the forward Qirection

for injection of the substances from the front compartment.

13. The prefilled syringe of claim 12, wherein the engagement

and syringe portions engage each other after at least the front
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g BEEN
t-hi ckness stch that the conbined aX|gf”$ éﬁpe§§ off~ Tqﬂi ond
bypass suc

bypass stopp. “j m sai'd axijal |€n ' éﬁ
dpon sl i di ngﬁm“m“ mﬁ I‘I n said 'rGhUl ar body, #d, HQSSE&ﬁ%eC nd
bypass stoppers are-slf ddbl & to said bym@gs so that! ane Ot hE SISt ances

in the one of said conpartnents can flow around both of said bypass

st oppers aection bfptiss stuppee hasrbeercedd iidnto &hpositin @fd jaget to the
conpartments. 14. A prefilled syringe, conprising: a tubul.ar body having
front andoptbet efd therbypass.and adj acent conpartnents therein, each of said
conpartments having a separate substance therein, said-front end portion
being sealed by a plug therein, said rear end portion bei ng seal ed by a

pl unger having a push rod copnectabl e therewith for aX|allzmsI|d|n said

pl unger in said tﬁb-ul é‘?‘%BB?fl]alrﬁﬂ! syringesf ehaimokdsi yHeRain fdiea push rod

f | h f f d
t ngf(;?r Ibgg»y?‘g 91 eslciodabalr eglaagl:eiaxpe et(;MTEhe Stauibdularrpntgodeyndlrfmf[ﬁé Ofr‘]orc')wars'(;i1I

direction between the front end of the push,rod and the engagement.

L)

portion and between the engagement portion and the rear end of the

'push fod such that the plunger is freely slidable bePyeen the rear end
portion of the tubular body and the bypass and between thé'bypass and
the front end portion'of the tubular body.

15. “The prefilled syringe of claim 12, wherein the syringe
:portioh comprises a fingergrip having an inner rim extending from the
tubular body toward the push rod, and wherein the engagement portion
comprises a nub for engaging the inner rim, the nHub being

disengagable from the rim b& a further sliding of the push rod in the

forward direction.

.16. The prefilled syringe of claim .12, wherein the syringe
portion comprises a fingergrip having an inner rim extending from the
tubular body toward the push rod, the inner rim comprising at least
one slot extending:radiélly relative to the push rod, the push rod
ha&ing at least one axially and radially extending blade, the
engagement portion comprising a forward end of the blade to engage

the rim, the blade being disengagable from the inner rim by rotating
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adaﬁted to en I injectiéﬂﬂéﬂggﬁéﬁéﬁﬁ§”‘ >
subst ances ar gmﬁﬂgﬂﬁjwlumhmkﬂ e col | aﬁaﬁHcorﬂBF‘F@Eﬁ c?ﬁgg T %@EET
Fecei vi ng sai i'ci ent a Xi afl rehd di pc SEP 4406

pl unger; "a sealing nmeans conprising a firsjgbypass stepper—ftor_senaraliing
and sealing said adjacent conpartnments fromeach other, axially slidably

di sposed ith&apushuitedrubbdy Hshewekhadai ¢nglgesntheorgioot nfats pasmsdlge
seal ing neans being slidable in _said tubular body in response to sliding of
sai d pl unddereihreugh daptharapiedy dineeti®nbypass bet ween sai d seal i ng neans
and said front end-portion having an axtal |ength along said tubul ar body,

sai d bypass being adapted to permt one of the substances in one of said
adj acent conpart ts fo.b s,said _sealing.,means be.introduyced into
the other of sai g?gdj e{%é’ﬁ‘t&ggiﬁ%ﬁyﬁ%ﬂ?g; %%rté’lrﬁ%a;ﬁcaféé”lti [F]lﬁo_ aNGeEher
CoNpri ses g2, 38CHRGN VRIS HtREAPRE t1¥ s§hiNge and for subsequently mixing the

substances in the syringe prior to injection, comprising:

a tubular body having front and rear énd portions and
front and rear compartments, each of the compartments having.one of
the substances, the rear end portion being sealed by a plunger having
a push rod for sliding the plunger axially in the tubular body;

' .é bypass stopper plug being axially slidable in the
tubular body and disposed between the front and rear compartments for
- separating and sealing the compartments from each other, sliding of
the stopper plug being actuated by a sliding of the plunger, the

stopper plug having an axial thickness and a front section;

a bypass disposed between the stopper plug and the front
end portion of the tubular'body and generally between the front and
rear compartments for permitting one of the Substances in one of the
compartmeﬁts to bypass the stopper plug to be introduced into the
other compartment, the bypass_héving an axial length gréater than the
axial thicknéss of the stopper plug, the stopper plug being slidable
to the bypass by a sliding of the plunger;

————— -
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slidably di sposed in said tubul ar_body bhetvwe€n. saéd ACeF—CT
for separating.-and-sealing-said adjacehtwoé ﬁtggp NOEMENT

O1T[)
H L2 oji
‘Fndependent | y - of sai s stopper al o goRodss
st oppers bei ng I ﬁmam%“ 0 eac f 3 ?% gc.dhd
bypass stoppers n axial thickness sucht: 25 e conbi ned
axi al thickness of said first and second b?Rass stoppers is less than-said

axial length of said bypass such that, upon’sliding of said pIunger in said
tubul ar body, said firs ond, b st qpper s, ar ble to sald
bypass so that one of® t‘%ﬂﬁg@o gﬂ@%% r?éﬁgf é‘%ggo@ f?ﬁg %‘1’5 afscg'mmjec tion
conpartmeghs £30d) pedf R hdOtheChesfl b%XHgséchgagable to a front end of

the syringe; and

a front plug for sealing the froﬁt end porﬁion of the
tubular body, the front plug having a front central recess for
.guiding the rear piercing end of the needle into thg front plug, one
of the'plugs having another central recess axially aligned with the
front central feceSs for housing the rear piercing end of the needle
after the needle has pierced the front plug, the plugs engaging each
other after the'subStances have been inJjected.

t

18. 'The prefilled syringe of claim 17, wherein the other

' central recess is disposed in the rear end of the front plug.

19. The prefilled syringe of claim 17, wherein the other

central recess is disposed in the front end of the stopper plug.

20. The prefilled syringe of claim 17, wherein the front end
of the stopper plug is convex and the rear end of the front plug is

concave.

21. The prefilled syringe of claim 20, wherein the other

central recess is disposed in the front end of the stopper plug.
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stoppers at said bypass and be introduced into th of. ' Facent
conpartnents; and wherein €ach of saj SS., &4 -5 AHEMENESSREET
éylindrical sur ' ar apgluberEk ha@ rib F?%%';At ed thereon gnhd
seal i ngly engaﬁjiﬂﬂm W@IWW body “sai Ban Havi 9o SEpsI9NBe

t her ebet ween and sa& drbrwdgs nge ri bs I ng betweg Ld_Sandat—rris! and

subdi vi di ng sai d space between said annul ad2ri bs. 15. The prefilled'syringe
of claim 14, wherein said needle collar further conprises a passage about

said receptacle fopb compugyi ' bska u l
needl e for inject?gn. Té? 9?%?%?ﬁ3£1§refgg|ég &f?ﬁ?:ﬁ@fﬁgyhgﬁﬁggggcégggﬁ a
second SURShEREE retel 1% XBiGpoBed Neh TYEI FEh RANBF 1 Eroft Piighge body
conprising a needl e end engageable with a needle for injection of

23. A prefilled syringe for storing at least two substances

apart from each other in the syringe and for sﬁbsequently mixing the

substances in the syringe prior to injection, comprising:

e o

a tubular body having front and rear end portions and
front and rear compartments, each of the cohpartments ﬁaving one of
the substances, the front end portion being sealed and engagable to a
needle for injection of the substances which are mixed, the reaf end
portidn.beiné Sealed by a plunger having a push rod for sliding the

;  Plunger axially in the tubular Body; | : -
sealing_ﬁeans including a bypass stopper'being axially

siidable in the tubular body and disposed between the front and rear
compartments for separating and sealing the compaftments from each
other, sliding of the sealing means being actuated by a sliding of the

plunger, the sealing means having an axial distance and two ends;

a bypass disposed between the sealing means and the front
end'portion of the tubular body and generally between the front and
rear compartmehts for permitting one of the substances in one of the

compartments to bypass the sealing means to be introduced into the

.
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the *substances, a plunger end havi ng,-aupP Eg{;&ﬁ

Syvase. vt g NRAMANARRYR <o o0 U S

| ringe bady includin %f'rst and -
second substantes: dnd a pair of stoppers iial ablgiyﬁ@y@g_agﬁi_fsé)... .SNTinge
body and di sposed between the bypass and t pl unger --end-pri=or=to=m xi hg of
t he substapces such that th -sg@stan es ,are stored s%gfrately from each

ot her pri 8FP¢H GRMAaTdmeRy p b RaSS (hRyiBBsamAXiad. Lenath,geeatshthant thry

end and a t nfrontin nd, the stopper confronting ends directly
confrontiﬁgye éﬁgggﬁg 3 dﬂﬁhégggbggéW?@SConfronting ends facing away from
each other, each of the substance confronting ends directly confronting one
of the substances prior to mxing of the substances, the stoppers sealing

(he 370, 2091 AP Shoadetes e D O SHREPSE RN

an axial thickness, and the co pers being

than the pxing 4 afigdrbsbplBepsydHisS theCSubstaince8eh&ingd RRpaAHPEIATToR €28n

other before actuation of the plunger by the seaiing means;

one of the ends of the sealing means ‘exposed to the
liquid, the other of the ends being exposed to air inside of the

compartment having the hygroscopic powder; and

.the sealing means'further comprising minimizing means
adjacént to.at least one 6f the ends of the sealing means or
therébetween for minimizing any moisture in the bypass stopper from

emanating to the hygroscopic powder.

24. The prefilled syringe of claim 23, wherein the minimizing
means comprises another stopper between the bypass stopper and the

hygroscopic powder.

25. The prefilled:syringe of claih 23, wherein the liquid is
heat sterilized after being sealed between the plunger and the bypass
stopper énd wherein the'bypass stopper includes a body portion
susceptiblé to taking in moisture, the bypass stopper taking in

moisture when the liquid is heat sterilized and such moisture
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fl ow ‘ar ound pers at t en the subst ances are

.m xed. 17. lem"m (}tﬂlﬁﬂ ed with a’@%f ‘%3@ e, _

subst ance to*be‘niked in the syringe qukerﬁ’ _ ﬁﬁaﬁquﬁ%ﬁggkﬂr|5|ng
& needl e end engageable with a needl e for ,i njectio Sg?iﬁ%@

plunger end having a plunger for driving ?ﬁe subst,ﬁ%ﬁ oUr~Of THE ¥ néedl e
end for isybseyuentlyrscapbyd fronbehavgpashestopger. t he bypass havi ng an
axial length; and a sealing arrangenment seal ably engaged in the syringe
body and di sposed between the bypass and the plunger end prior to n1X|ng of

t he substances such that the substances
. 26. A prefilled syringe for storing at least two substances

apart from each other in the syringe and for subsequently mixing the

substances in the syringe prior to injection, comprising:

~ a tubular Body having front and reaF end portions and
front and rear compartments, each of ﬁhe compartmggts'haviné one of .
_the substances, the front end portion being sealed by ; plug, the
rear end port%on being sealed by a plunger having a push rod for
sliding the plunger axially in the tubular body, the rear end portion
further haviqg a fingergrip; |

a needle collar engaéable to the front end portion of the
tubular body for engaging a needle for injection of the substances
ﬁhich are mixed, thé néedle collar including a receptacle for _
réceiving the plug upon sufficient actuation of the plunger, the
needle collar having a passage about the receptacle through which the
mixed substances are conveyed around the plug from the front

compartment to the needle for injection;

sealing means including a first stopper being axially
slidable in the tubular body and disposed between the front and rear
compartments for separating and sealing the compartments from each

other, sliding'of the sealing means being actuated by a sliding of
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s bet ween (i deest
&E@ﬁture bet WwE
the syringe body betweern opper and

confronting one of the substances and the gini m zi ng medns_ces

ot her subsﬁﬁggﬁuﬂggpr to m xing of the substances, the stopper and

m ni m zi ng nedns Beél hg adj acent, and the sealing arrangenent having an
axial length less than the axial |length of the-bypass such-that one of the
substances can flow around the sealing arrangenent at the bypass when the

substances are m xed. d&ypAs§YydispdRed Htfonbbednd kBaPir@mehss é}@%hénﬁ%n%nd

a drug substance to be mxed in the syringe, conprising: a Syringe ‘body

conpri si ngead neEativrevd ehgapeiiliar bolif andeRtlealdy betigRin @Reofront and
rear compartments for permitting one of the substances in one of the
'compartments to bypass the sealing means to be introducéd into the

other compartment, the bypass having an axial length;

1 o

the sealing means including a second bypass stopper being
axially slidablé_in the tubular body and disposed generally between
the front and rear compartments for separating and sealing the
compartments from each otﬁer independently of the first stopper, the
stoppe%g beiné geherally adjacent to each otheri each of the stoppers
having an axial:thiciness, the combined axial thickness of the
stoppers being 1éss than the "axial length of the bypass, the stoppers
being slidable at generally. the same time by a sliding of the plunger
t6 be slid to be adjacent to the bypass whereby one of the substances
in one of the compartments is introduced into the other compartment;

and

each of the stoppers comprising annular and,bridging
ribs, each of the ribs sealingly engaging the tubular body, the
bridging ribs bridging between the annular ribs whereby spacing

between the annular ribs is subdivided.

42 i —— e -
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t he substances, a plunger end having a_%i;iigiiiiz:{ ; g ces
out of the needle end for injection, ab P REPEACEIRENTIRHEETAld a
st opper seal ably engaged in the syringe y and dilsposed begv\gggw
bypass and the plunger end prior to mxipng of the ub&tance S a1 t he
substances are stored separately from eat¢h ot her pr P =h
st opper conprising a cylindrical surface having annular and brldglng ribs
| yi ng thereon, each of the ribs sealingly engaging the syringe body, the
annul ar ribs having a spaci ng t h@PREFRLMEENSYRINGHEe bri dging ribs extendi ng
bet ween the annul ar ribs so as -to subdivide the spaci ng between the annul ar
ribs tolimt annular flow of one of the substances around the stopper at
t he bypang%.ﬁaAcﬁ.syrlnge prefilled with a pair of substances, conprising:
a syringe % conprising a needl e end engageable with a needle for
I nj ection of the substances, a plunger end having a plunger for driving the

substances out of -t& %reﬁlled syringe capable of separate storage of different substances before

use. It includes a tubular body (1) having an injéction needle at one end and a plunger (2) at
the other end, and a partition slidable axially in the tubular body (1). The partition includes
a front part and a rear part independent of each other, and as a whole dividing the interior

: | space of the tubular body (1) into a front compartment (4) and a rear compartment (5) in a
sealing manner for storing mutually different substances. A bypass is disposed generally
between the front and rear compartinents (4,5) to introduce the substance in the rear
compartment (5) into the front éo@aMent (4) when the partition is slid under pressure
provided by the plunger (2) to be adjacent to the bypass to thereby mix the substances |
immediately prior to'_injecti.on. | -

Fig. 1
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needl e end for injection, and a pair of adjacent conpartnents between the
ends, one of the conpartments containing one of the substances and the
ot her conpart nent containing the other substance; and a pair of stoppers

sealingly engaged in the syringe body between the adjace _ o ||
such that the substances are stored separately from each dﬁ%@ﬁ?ﬁgﬁ&¥ﬁﬁaﬁm$
st oppers havi ng a stopper confronting end and a substancg coaf ﬁﬁﬁend

t he "st opper confronting ends directly confronting each of H¥te Wt no- iqu|d
or solid therebetween and the substance confronting ends-FaErAg" amay from
each other, each of .the substance confrontlgﬁignds confronting one of the

substances prior to mxing of the substance ,/ nd the stoppers sealing the

syringe body independently of each other. 20. A syringe prefilled with a
pair of substances, conprising: a syringe body -conprising a needle end
engageable wth a needle for injection of

Fig.1




t he substances, a plunger end having a plunger for driving the substances
out of the needle end for injection, and a pair of conpartments—berweer—he
ehds, one of the 27 conpartments containi ng one of [t KEPSHEEMENT SHERTI
t he ot her conpartnent containing the other substance; i d¢ a-@iSEPoig
stoppers sealingly engaged in the syringe body betweer € ‘conpart-nent-s.’
such:- that the substances are stored separately from each ot her; ~eactrofthe
st oppers "having an enpty space confronting end and a substance confronting
end, . the enpty space confronting ends facing toward each other with no
liquid or solid therebetween and the 8

Fig. 3
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substance confronting ends facing away from each other, each of the enpty
space confronting ends confronting an enpty space in the_syringe body, each
of the substance confronting ends confronting one oi;thgggﬁgégﬁgﬁgg de

the stoppers sealing the syringe body independently of
prefilled syringe conprising: a tubular body having frbp}hanﬂ

portions and havi ng adj acent conpartnents therein, ea h*oi;§éLHLL:LlLL$m
conpartnments having a separate substance therein, said front end portion
bei ng seal ed and engageable with a needle 4 injection of the subst ances
after they are mixed, and said rear end portion being engageable with a
pl unger having a push rod connectable therewith for axialdy sliding said
pl unger in said tubqrpg.bgdy; a sealing neans conprising a first bypass
stopper for separating and sealing said

7
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adj acent conpartnents from each ot her, axi al | y slidably disposed in said
t ubul ar body between sai d adjacent conpartnents, said ing._neans_hein
sfidable in said tubular body in response to sliding o ;,-;‘E'gdf_ch |

sai d tubul ar body; and a bypass between said sealing ngans an
end portion having an axial .length along said tubular ib@dy,'s _______________________
permtting one of the substances in one of Séf/rﬁj adj acelat—comparinonts o
bypédss said sealing r’re[a'rig,ar]@ be introduced o the other of said adjacent
conpartnents; wherein said sealing neans f er qlorrpri ses a second bypass
stopper axially slidably disposed in said t | 30 body between said
adjacent conpartnents separating and seali ng saifd- adj acent conpartments
fromeach ot her independently 3 stopper, .said first and
second bypass stoppers bei g ared pdipegnt tp feach oth r2and between t he
bypass and the plunger, sgayd fi EEEY JIESE rs eagh,

10 0\ 300
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Fig. 11
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havi ng an axial thickness such that, upon sliding of said.plunger._in said"
tubul ar body, said first and second bypass stoppefs ara slkgagba @&é@&l?
bypass so that one of the substances in one of said adjacent conaggé

SEP ei nil

.....................................

said first and second bypass stoppers further have a'space Lh&¥eb££M6ﬁBﬂ
prior to sliding of said plunger in said tubular body, the distance between

t he st oppers defining said space being | ess than the axial thickness of
one of said first and second bypass stoppers, the space being enpty; and.
wherein each of the stoppers still further conprises annul ar and bridgi ng
ribs and a n '
: | 5/8
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cylindrical suffaCe, each of said ribs Iying on the cylindrical surface and
seal i ngly engaging said tubular body, and said bridgi'ng ribs extending

between said annul ar ribs whereby an area between the annul gr=r+bs 5
subdi vi ded to prevent substance flow around the stopper bet

ribs at the bypass. 22. A prefilled syringe body, conprising: a tuﬁ kgﬁ
body. having front and rear end portions and having first ang Detcéh w

adj acent conpartmanps,(g he,féng said front end portion being
engageable with a nee said rear eig8portion being seal ed by a

pl unger engageable with a push rod; a first substance disposed in a first

of sai d adjacent conpartnents and @ second substance di sposed in a second

of said adjacent conpartnents; a bpas@a N3¢ d tubul 3 (Body N

conmmuni cation with one ofsa| d firgt angl sgcond adJ Kcent coppartnents; and
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first and second bypass stoppers axially slidably disposed in sald tubular
body separating and sealing said first and second adj ace;

fromeach other, said first and second bypass stoppers RERGAGBMENG FEL,
sol i d t herebetween and a cumul ative axi al | ength less tHan the GuQER t
of said bypass, and being | ocated between said bypass anfDotee..ot-her-of-sai
first and second adj acent conpartnents. ?] prefilled pody,
conprising: a tybul a(r';éody having front a (f ear end portions and havi ng
first and second &§) nt conpartnments therein, said front end portion

bei ng seal ed and engageable wth a needle, and said rear end portion being

seared by a plunger engageablg wth ap rod; a first substance di sposed
in afirst of said adjacent art nent nd a second substance di sposed in
a second of said adjacent corrﬁartrre {2 bypass in said tubular body in
comruni cation wth one offf sat <t arfd Y3 A
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adj acent compartnments; and at |east one bypass stopper axially slidably
di;sposed in said tubul ar body separating and sealing sald first and second

adj acent conpartments from each other, said at |east onefbHy pdbb stop

bei ng | ocated between said bypass and the other of said fi %%HV%&g%ﬁdFT
conpartments, and said at |east one bypass stopper having a q;tsE
annylar ribs thereon engagi ng said tubul ar body, a space H@ﬂﬁeen sard-at:

| east two annul ar

ri bs and bridging ribs extending between said annul ar

ribs and annul arly subdividing said space. 24. A prefilled syringe body,
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29»a-vtwul ar body having front and rear end pOI‘tIOI‘lS‘.ﬁ-lld—h Lng first—a nd
second adj acent conpartnents therein, said front end||pgL h@ngrmmal ed
and engageable with a needle, and said rear end portjon §;W

pl unger engageable with a push rod; a first substanck Dyt,s _________________ Z Wl

of said adjacent conpartnents and a second subst ancelldi-sposet—r—a—sec end
of said adjacent conpartnents; a bypass.in said tubular body in

comuni cat SYHRERi has norfevige vehirlhyhes $ Yeda‘ﬁlfm'éhléﬁ'd adj acent conpartnents; and

a sealing neans for separ atlgmmgqbpmmmand second adj acent
sai

compartents | Sasieots pel o SRSkoA%, TERN5uRo 0! SR Sl naBteS o
adj acent ctwpidrraents, and sai d seal ing means conprising a nini m zi ng means

for m nim zi ngAtc@&dﬁféaﬁ?t&thsB&t of the present invention there is provided a prefilled

. syringe, comprising: a tubular body having front and rear end portions and having

adjacent compartments therem, each of said compartments having a separate substance

therein, said front end portion being sealed and engageable with a needle for injection of

the substances after they are mixed, and said rear end portion being sealed by a plunger

having a push rod connectable therewith for axially sliding said plunger in said tubular

body; a sealing means comprising a first bypass stopper for separating and sealing said

adjacent compartments from each other, axially slidably disposed in said tubular body

between said adjacent compartments, said sealing means being slidable in said tubular

body in response to sliding of said plunger in said tubular body; and a bypass between

said sealing means and said front end portion having an axial length along said tubular

' body, said bypass permitting one of the substances in one of said adjacent compartments

to bypass said sealing means and be introduced imto the other of said adjacent

compartments; wherein said sealing means further comprises a second bypass stopper

axially slidably disposed in said tubular body between said adjacent compartments

. separating and sealing said adjacent compartments from each other independently of said

first bypass stopper, said first and second bypass stoppers being located adjacent to each

other and between said bypass and said plunger, said first and second bypass stoppers

each having an axial thickness such that the combined axial thickness of said first and

second bypass stoppers is less than said axial length of said bypass such that, upon

sliding of said plunger in said tubular body, said first and second bypass stoppers are

slidable to said bypass so that one of the substances in one of said adjacent compartments

can be introduced into the other of said adjacent compartments. |

According to another aspect of the present invention there is provided a prefilled

syringe, comprising: a tubular body having front and rear end portions and front and

rear 'compartments, each of said compartments having a substance therein, said front end

~ portion being sealed and engageable with a needle for injection of the substances after

they are mixed, and said rear end portion being sealed by a plunger having a push rod
connectable therewith for axially sliding said plunger in said tubular body; a bypass
stopper axially slidably disposed in said tubular body between said front and rear
compartments for separating and sealing said éompartments from each other, said bypass
stopper being slidable in said tubular body in response to sliding of said plunger in said
tubular body and said bypass stopper having an axial thickness; and a bypass disposed
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substance and a second substance to be mixed in the syrifge, conprising: a

syringe body conprising a needl e end engageable with a n qﬂﬁg'fgr .
of the substances, a plunger end, and a hypass between t :
havi ng an axi al Iength a stopper being seal ably engaged in the syrlnge

body and di sposed between the bypass and the plunger end prior to nixing of
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located thREEARer®Mld compartment, when said stopper is slid thereto; wherein said stopper
comprises a cylindrical surface having annular ribs and bridging ribs located thereon and
sealingly engaging said tubular body, said annular ribs having a space therebetween and
said bridging ribs extending between said annular ribs and subdividing said space
between said annular ribs.

According to still another aspect of the present invention there is provided a
prefilled syringe, comprising: a tubular body having front and rear end portions and
adjacent compartments therein, each of said compartments having a separate substance
therein, said front end portion being sealed by a plug therein, said rear end portion being
scaled by a plunger having a push rod connectable therewith for axially sliding said
plunger in said tubular body, and said rear end portion having a fingergrip; a needle
collar engageable with said front end portion of said tubular body and adapted to engage
a needle for injection of the substances after the substances are mixed, said needle collar
comprising a receptacle for receiving said plug upon a sufficient amount of axial sliding
of said plunger; a sealing means comprising a first bypass stopper for separating and
sealing said adjacent compartments from each other, axially slidably disposed in said
tubular body between said adjacent compartments, said sealing means being slidable in
said tubular body in response to sliding of said plunger in said tubular body; and a
bypass between said sealing means and said front end portion having an axial length
along said tubular body, said bypass being adapted to permit one of the substances in one
of said adjacent compartments to bypass said sealing means and be introduced into the
other of said adjacent compartmehts; wherein said sealing means further comprises a
second bypass stopper axially slidably disposed in said tubular body between said
adjacent compartments for separating and sealing said adjacent compartments from each
other independently of said first bypass stopper, said first and second bypass stoppers
beixfg located adjacent to each other, and said first and second bypass stoppers each
having an axial thickness such that the combined axial thickness of said first and second
bypass stoppers is less than said axial length of said bypass such that, upon sliding of
said plunger in said tubular body, said first and second bypass stoppers are slidable to
said bypass so that one of the substances in the one of said adjacent compartments can
flow around both of said bypass stoppers at said bypass and be introduced into the other
of said adjacent compartments; and wherein each of said bypass stoppers comprises a

cylindrical surface having annular and bridging ribs located thereon and sealingly



QRIS S —

séakingly engaging the syringe body, the annular ribs h
t herebetween and the bridging ribs extending between th

subdi vidi ng the space between the annular ribs; and a pjjyager s¢
engaged in the plunger end of the syri nge body for dri vk ’%_h_e__s_,@:%gﬁ(i}gég!

- out of the needle end for injection, the’plunger conprising annular &
bridging ribs and a cylindrical surface, each of the ribs |lying on the
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the annular_ribs.is subdivided to prevent substance flow around the plunger
bet ween t B IEr ribs at the bypass.

According to still another aspect of the present invention there is provided a

syringe prefilled with a first substance and a second substance to be mixed in the
syringe, comprising: a syringe body comprising a needle end engageable with a needle
for injection of the substancés, a plunger end having a plunger for driving the substances
out of the needle end for injection, and a bypass between the ends, the bypass having an
axial length, and the syringe body including the first and second substances; and a pair
of stoppers sealably engaged in the syringe body and disposed between the bypass and
the plunger end prior to mixing of the substances such that the substancés are stored
separately from each other prior to mixing, each of the stoppers having a stopper
confronting end and a substance confronting end, the stopper confronting ends directly
confronting each other and the substance confronting ends facing away from each other,
each of the substance confronting ends directly confronting one of the substances prior to
mixing of the substances, the stoppers sealing the syringe body independently of each
other, each of the stoppers having an axial thickness, and the combined thickness of the
stoppers being less than the axial length of the bypass such that one of the substances can
flow around both of the stoppers at the bypass when the substances are mixed.

According to still another aspect of the present invention there is provided a
syringe prefilled with a carrier substance and a drug substance to be mixed in the
syringe, comprising: a syringe body comprising a needle end engageable with a needle
for injection of the substances, a plunger end having a plunger for driving the substances
out of the needle end for injection, and a bypass between the ends, the bypass having an
axial length; and a sealing arrangement sealably engaged in the syringe body and
disposed between the bypass and the plunger end prior to mixing of the substances such
that the substances are stored separately from each other, the sealing arrangement
including a stopper and a minimizing means between the stopper and the bypass for
minimizing the exchange of moisture between the stopper and a portion of ‘the syringe
body between the stopper and the needle end, the stopper confronting one of the
substances and the minimizing means confronting the other substance prior to mixing of
the substances, the stopper and minimizing means being adjacent, and the sealing
arrangement having an axial length less than the axial length of the bypass such that one
of the substances can flow around the sealing arrangement at the bypass when the
substances are mixed. ' '

According to still another aspect of the present invention there is provided a
syringe prefilled with a carrier substance and a drug substance to be mixed in the
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sealably engaged in the syringe body and disposed between the bypass_and the plunger
end prior to mixing of the substances such that the substémoes are stored separately from
each other prior to mixing, the stopper comprising a cylindrical surface having annular
and bridging ribs lying thereon, each of the ribs sealingly engaging the syringe body, the
annular ribs having a spacing therebetween and the bridging ribs extending between the
annular ribs so as to subdivide the spacing between the annular ribs to limit annular flow
of one of the substances around the stopper at the bypass.
According to still another 'aspect of the present invention there is provided a
syringe prefilled with a pair of substances, comprising: a syringe body comprising a
needle end engageable with a needle for injection of the substances, a plunger end having
a plunger for driving the substances out of the needle end for injection, and a pair of
adjacent compartments between the ends, one of the compartments containing one of the
substances and the other compartment containing the other substance; and a pair of
stoppers sealingly engaged in the syringe bbdy between the adjacent compartments such
that the substances are stored separately from each other, each of the stoppers having a
stopper confronting end and a substance confronting end; the stopper confronting ends
directly confronting each other with no liquid or solid therebetween and the substance
confronting ends facing away from each other, each of the substance confronting ends
confronting one of the substances prior to mixing of the substances, and the stoppers
sealing the syringe body independently of each other. -
According to still another aspect of the present invention there is provided a
syringe prefilled with a pair of substances, comprising: a syringe body comprising a
needle end engageable with a needle for injection of the substances, a plunger end having
a plunger for driving the substances out of the needle end for injection, and a pair of
compartments between the ends, one of the cbmpartments containing one of the
substances and the other compartment containing the other substance; and a pair of

stoppers sealingly engaged in the syringe body between the compartments such that the

substances are stored separately from each other, each of the stoppers having an empty
space confronting end and a substance confronting end, the empty space confronting
ends facing toward each other with no liquid or solid therebetween and the substance
confronting ends facing away from each other, each of the empty space confronting ends
confronting an empty space in the syringe body, each of the substance confronting ends
confronting one of the substances, and the stoppers sealing the syringe body
independently of eac_h other.

Iy
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having adjacent compartments therein, each of said compartments having a separate ~

substance therein, said front end portion being sealed and engageable with a needle for
injection of the substances after they are mixed, and said rear end portion being
engageable with a plunger having a push rod connectable therewith for axially sliding
said plunger in said tubular body; a sealing means comprising a first bypass stopper for
separating and sealing said adjacent compartments from each other, axially slidably
disposed in said tubular body between said adjacent compartments, said sealing means
being slidable in said tubular body in response to sliding of said plunger in said tubular
body; and a bypass between said sealing means and said front end portion having an
axial length along said tubular body, said bypass permitting one of the substances in one
of said adjacent compartments to bypass said sealing means and be introduced into the
other of said adjacent compartments; wherein said sealing means farther comprises a
-second bypass stopper axially slidably disposed in said tubular body between said
adjacent compartments separating and sealing said adjacent compartments from each
other independently of ‘said first bypass stopper, said first and second bypass stoppers
being located adjacent o each other and between the bypass and the plunger, said first
and second bypass stoppers each having an axial thickness such that, upon sliding of said
plunger in said tubular body, said first and second bypass stoppers are slidable to said
bypass so that one of the substances in one of said adjacent compartments can be
introduced into the other of said adjacent compartments; wherein said first and second
bypass stoppers further have a space therebetween prior to sliding of said plunger in said
tubular body, the distance between the stoppers defining said space being less than the
axial thickness of one of said first and second bypass stoppers, the space being empty;
and wherein each of the stoppers still further comprises annular and bridging ribs and a
cylindrical surface, each of said ribs lying on the cylindrical surface and sealingly
engaging said tubular body, and said bridging ribs extending between said annular ribs
whereby an area between the annular ribs is subdivided to prevent substance flow around
the stopper between the annular ribs at the bypass.

According to still another aspect of the present invention there is provided a
prefilled syringe body, comprising: a tubular body having front and rear end portions
and having first and second adjacent compartments therein, said front end portion being
sealed and engageable with a needle, and said rear end portion being sealed by a plunger
engageable with a push rod; a first substance disposed in a first of said adjacent
compartments and a second substance disposed in a second of said adjacent
compartments; a bypass in said tubular body in communication with one of said first and

o

he



3L a- dqubl e-poi nted needl e having a front end for injection and a-vear—
pi ecing end, the needl e being engagable to a front end of tHe syﬁ‘fﬁﬁgﬂa nd

a front plug for sealing the front end portion of the. tu}buig_j @ﬁm
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prefilled syfdRdfedl rohPbdBhlother ISt ddseldiFbypass stoppers having no liquid-or
solid therebetween and a cumulative axial length less than the axial length of said bypass,
and being located between said bypass and the other of said first and second adjacent
compartments.

According to still another aspect of the present invention there is provided a
prefilled syringe body, comprising: a tubular body having front and rear end portions
and having first and second adjacent compartments therein, said front end portion being
sealed and engageable with a needle, and said rear end portion being sealed by a plungér
engageable with a push rod; a first substance disposed in a first of said adjacent
compartments and a second substance disposed in a second of said adjacent
compartments; a bypass in said tubular body in communication with one of said first and
second adjacent compamnents;' and at least one bypass stopper axially slidably disposed
in said tubular body separating and sealing said first and second adjacent compartments -
from each other, said at least one bypass stopper being located between said bypass and
the other. of said first and second compartments, and said at least one bypass stopper
having at least two annular ribs thereon engaging said tubular body, a space between said
at least two annular ribs and bridging ribs extending between said annular ribs and
annularly subdividing said space. '

According to still another aspect of the present invention there is provided a
prefilled syringe body, comprising: a tubular body having front and rear end portions

and having first and second adjacent compartments therein, said front end portion being
sealed and engageable with a needle, and said rear end portion being sealed by a plunger
engageable with a push rod; a first substance disposed in a first of said adjacent
compartments and a second substance disposed in a second of said adjacent
compartments; a bypass in said tubular body in communication with one of said first and
second adjacent compartments; and a sealing means for separating and sealing said first
and second adjacent compartments from each other, said sealing means. being located in
said tubular body between said bypass and the other of said first and second adjacent
compartments, and said sealing means comprising a minimizing means for minimizing
the emanation of moisture from said sealing means. | |

According to still another aspect of the present invention there is provided a
syringe prefilled with a first substance and a second substance to be mixed in the
syringe, comprising: a syringe body comprising a needle end engageable with a needle
for injection of the substances, a plunger end, and a bypass between the ends, the bypass
having an axial length; a stopper being sealably engaged in the syringe body and
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that the substances are'_ stored separately from each other prior to mixing, the stopper
having an axial thickness less than the axial length of the bypass to permit one of the
substances to ﬂow.around the stopper at the bypass to be mixed with the other substance,
wherein the stopper comprises a cylindrical surface having annular and bridging ribs
located thereon and seélingly engaging the syringe body, the annular ribs having a space
therebetween and the bridging ribs extending between the annular ribs and subdividing
the space between the annular ribs; and a plunger sealably engaged in the plunger end of
the syringe body for driving the substances out of the needle end for injection, the
plunger comprising annular and bridging ribs and a cylindrical surface, each of the ribs
lying on the cylindrical surface and sealingly engaging the syringe body, and the
bridging ribs extending between the annular ribs whereby an area between the annular
‘ribs is subdivided to prevent substance flow around the plunger between the annular ribs
at the bypass. _
BRIEF DESCRIPTION OF THE DRAWINGS

‘ This invention may be better understood and its numerous objects and advantages
will become apparent to those skilled in the art by reference to the accompanying
drawings as follows:

Figure 1 is a schematic cross-section view through an embodiment of the present
invention;

Figures 2(A) and 2(B) show a process of assembling the syringe, wherein Figure
2(A) shows a first step at which a vehicle is put in one compartment and Figure 2(B)
shows a second step at which a medicinal component is put in the other compartment;

Figure 3 is a cross-section through the syringe of Figure 1 which is provided with
a cap into which the piug slides and an injection needle fixed to the cap;

Figure 4 is a cross-section through the syringe of Figure 3 which is in use;

Figure 5 is a cross-section through the syringe which is provided with a stationary
plug and a double-pointed injection needle in the forward open end;

Figures 6 to 9 show various types of plugs and the front part
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compartments therein, each of said compartments having a separate substance therein,

said front end portion being sealed and engageable with a needle for injection of the

substances after they are mixed, and said rear end portion being sealed by a plunger
having a push rod connectable therewith for axially sliding said plunger in said tubular
body; .

a sealing means comprising a first bypass stopper for separating and sealing said
adjacent compartments from each other, axially slidably disposed in said tubular body
between said adjacent compartments, said sealing means being slidable in said tubular
body in response to sliding of said plunger in said tubular body; and

a bypass between said sealing means and said front end portion having an axial
length along said tubular body, said bypass permitting one of the substances in one of
said adjacent compartments to bypass said sealing means and be introduced into the other

_of said adjacent compartments; '

wherein said sealing means further comprises a second bypass stopper axially

; slidably disposed in said tubular body between said adjacent compartments separating
and sealing said adjacent compartments from each other independently of said first
bypass stopper, said first and second bypass stoppers being located adjacent to each other
and between said bypass and said plunger, said first and second bypass stoppers each
having an axial thickness such that the combined axial thickness of said first and second
bypass stoppers is less than said axial length of said bypass such that, upon sliding of
said plunger in said tubular body, said first and second bypass stoppers are slidable to
said bypass so that one of the substances in one of said adjacent compartments can be

introduced into the other of said adjacent compartments.

2. The prefilled syringe of claim 1, wherein the distance between said first and
second bypass stoppers, prior to sliding of said plunger in said tubular body, is less than
the axial thickness of one of said first and second bypass stoppers.

3. ~ The prefilled syringe of claim 2, wherein said first and second bypass stoppers are
spaced from each other prior to sliding of said plunger in said tubular body.

4. The prefilled syringe of claim 3, wherein each of said first and second bypass
stoppers has a confronting end, said confronting ends confronting each other and
defining a space therebetween prior to sliding of said plunger in said tubular body, and’
said space being empty.

5. The prefilled syringe of claim 1, wherein said first and second bypass stoppers
confront each other prior to sliding of said plunger in said tubular body.
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said space between said annular ribs.
7. . The prefilled syringe of claim 1, wherein said

plunger is sealably engaged in the end rear portion of the tubular body for driving
the substances out of the front end portion for injection, the plunger comprising annular
and bridging ribs and a cylindrical surface, each of said ribs lying on the cylindrical
surface and sealingly engaging said tubular body, and said bridging ribs extending
between said annular ribs whereby an area between the annular ribs is subdivided to
prevent substance flow around the plunger between the annular ribs at the bypass.

8. A prefilled syringe, comprising:

a tubular body ha\}ing front and rear end portions and front and rear compartments,
each of said compartments having a substance therein, said front end portion being
sealed and engageable with a needle for injection of the substances after they are mixed,
and said rear end portion being sealed by a plunger having a push rod connectable
therewith for axially sliding said plunger in said tubular body';

a bypass stopper axially slidably disposed in said tubular body between said front
and rear compartments for separating and sealing said compartments from each other,
said bypass stopper being slidable in said tubular body in response to sliding of said
plunger in said tubular body and said bypass stopper having an axial thickness; and

| a bypass disposed between said bypass stopper and said front end portion of said
tubular body having an axial length greater than said axial thickness of said stopper, said
stopper being slidable to said bypass in response to sliding of said plunger and said
bypass permitting one of the substances in one of said compartments to bypass said
stopper to be introduced into the other said compartment, when said stopper is slid
thereto; _

wherein said stopper comprises a cylindrical surface having annular ribs and

bridging ribs located thereon and sealingly engaging said tubular body, said annular ribs

having a space therebetween and said bridging ribs extending between said annular ribs

and subdividing said space between said annular ribs.

9. The prefilled syringe of claim 8, wherein said annular ribs extend about said

stopper at a right angle to the axis of said tubular body.

10. The prefilled syringe of claim 8, wherein said annular and bridging ribs extend at

right angles to each other.
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bridging ribs spaced equidistantly from each other in each of said spaces.__ _
13. The prefilled syringe of claim 8, and further comprising a second bypass stopper
axially slidably disposed in said tubular body between said front and rear compartments
for separating and sealing said front and rear compartments from each other
independently of the first bypass stopper, said first and second bypass stoppers being
located adjacent to each other, said first and second bypass stoppers each having an axial
thickness such that the combined axial thickness of said first and second bypass stoppers
is less than said axial length of said bypass such that, upon sliding of said plunger in said
tubular body, said first and second bypass stoppers are slidable to said bypass so that one
of the substances in the one of said compartments can flow around both of said bypass
stoppers at said bypass and be introduced into the other of said compartments.

14. A prefilled syringe, comprising: "

a tubular body baving front and rear end portions and adjacent compartments
therein, each of said compartments having a separate substance therein, said front end
portion being sealed by a plug therein, said rear end portion being sealed by a plunger
having a push rod connectable therewith for axially sliding said plunger in said tubular
body, and said rear end portion having a fingergrip;

a needle collar engageable with said front end portion of said tubular body and
adapted to engage a needle for injection of the substances after the substances are mixed,
said needle collar comprising a receptacle for receiving said plug upon a sufficient
amount of axial sliding of said plunger;

a sealing means comprising a first bypass stopper for separating and sealing said
adjacent compartments from each other, axially slidably disposed in said tubular body
between said adjacent compartments, said sealing means being slidable in said tubular
body in response to sliding of said plunger in said tubular body; and

a bypass between said sealing means and said front end portion having an axial
length along said tubular body, said bypass being adapted to permit one of the substances
in one of said adjacent compartments to bypass said sealing means and be introduced into
the other of said adjacent compartments;

wherein said sealing means further comprises a second bypass stopper axially
slidably disposed in said tubular body between said adjacent compartments for separating
and sealing said adjacent compartments from each other independently of said first
bypass stopper, said first and second bypass stoppers being located adjacent to each
other, and said first and second bypass stoppers each having an axial thickness such that



24.«Thg prefilled syringe of claim 23, wherein the m pisa-zi

conpri ses anot her I the bypass stopper drRERUIACEMENTOSKERT
powder. 25. The Hﬂl’iﬁm* t!m’iﬁmaeof claim 23, wherelin the |igyeg GFh
sterilized after beirg seakeds b en t hgg pl unger and|jtixee bypass..st.opper;
and wherein the bypass stopper includes a body porti ob=susceptibt e to=="
taking in poisture, the ass stopper taking in _noisture when the liquid
i s hegt St@piqqrx;ggedaﬁgalsa)éﬁcﬁﬁ et § 18 first apd se%ond bypass stoppers is less than sC.J:nd

axial length of said bypass such that, upon sliding of said plunger in said tubular body,
said first and second bypass stoppers are slidable to said bypass so that one of the
substances in the one of said adjacent compartments can flow around both of said bypass

stoppers at said bypass and be introduced into the other of said adjacent compartments;
and '

wherein each of said bypass stoppers comprises- a cylindrical surface having
annular and bridging ribs located thereon and sealingly engaging said tubular body, said
anmual ribs having a space therebetween and said bridging ribs extending between said
annual ribs and subdividing said space between said annular ribs.

15. The prefilled syringe of claim 14, wherein said needle collar further comprises a
passage about said receptacle for conveying the mixed substances around the plug to a
needle for injection.

16. A syringe prefilled with a first substance and a second substance to be mixed in the
syringe, comprising: :

a syringe body comprising a needle end engageable with a needle for injection of
the substances, a plunger end having a plunger for driving the substances out of the
needle end for injection, and a bypass between the ends, the bypass having an axial
length, and the syringe body including the first and second substances; and

a pair of stoppers sealably engaged in the syringe body and disposed between the
bypass and the plunger end prior to mixing of the substances such that the substances are
stored separately from each other prior to mixing, each of the stoppers having a stopper
confronting end and a substance confronting end, the stopper confronting ends directly
confronting each other and the substance confronting ends facing away from each other,
each of the substance confronting ends directly confronting one of the substances prior to
mixing of the substances, the stoppers sealing the syringe body independently of each
other, each of the stoppers having an axial thickness, and the combined thickness of the
stoppers being less than the axial length of the bypass such that one of the substances can
flow around both of the stoppers at the bypass when the substances are mixed. |
17. A syringe prefilled with a carrier substance and a drug substance to be mixed in
the syringe, comprising:

a syringe body comprising a needle end engageable with a needle for injection of
the substances, a plunger end having a plunger for driving the substances out of the
needle end for injection, and a bypass between the ends, the bypass having an axial
length; and .

a sealing arrangement sealably engaged in the syringe body and disposed between
the bypass and the plunger end prior to mixing of the substances such that the substances

t
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the needle end, the stopper confronting one of the substances and the minimizing means
confronting the other substance prior to mixing of the substances, the stopper and
minimizing means being adjacent, and the sealing arrangement having an axial length
less than the axial length of the bypass such that one of the substances can flow around
the sealing arrangement at the bypass when the substances are mixed.

18. A syringe prefilled with a carrier substance and a drug substance to be mixed in

the syringe, comprising:

a syringe body comprising a needle end engageable with a needle for injection of
the substances, a plunger end having a plunger for driving the substances out of the
needle end for injection, and a bypass between the ends; and

a stopper sealably engaged in the syringe body and disposed between the bypass
and the plunger end prior to mixing of the substances such that the substances are stored
separately from each other prior to mixing, the stopper comprising a cylindrical surface
having annular and bridging ribs lying thereon, each of the ribs sealingly engaging the
syringe body, the annular ribs having a spacing therebetween and the bridging ribs
extending between the annular ribs so as to subdivide the spacing between the annular
ribs to limit annular flow of one of the substances around the stopper at the bypass.

19. A syringe prefilled with a pair of substances, comprising:

a syringe body comprising a needle end engageable with a needle for injection of
the substances, a plunger end having a plunger for driving the substances out of the
needle end for injection, and a pair of adjacent compartments between the ends, one of
the compartments containing one of the substances and the other compartment containing
the other substance; and

a pair of stoppers sealingly engaged in the syringe body between the adjacent
compartments such that the substances are stored separately from each other, each of the
stoppers having a stopper confronting end and a substance confronting-end, the stopper
confronting ends directly confronting each other with no liquid or solid therebetween and
the substance confronting ends facing away from each other, each of the substance
confronting ends confronting one of the substances prior to mixing of the substances, and
the stoppers sealing the syringe body independently of each other.

20. A syringe prefilled with a pair of substances, comprising:

a syringe body comprising a needle end engageable with a peedle for injection of
the substances, a plunger end having a plunger for driving the substances out of the
needle end for injection, and a pair of compartments between the ends, one of the
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a pair of stoppers sealingly engaged in the syringe body between the compartments
such that the substances are stored separately from each other, each of the stoppers
having an empty space confronting end and a substance confronting end, the empty space
confronting ends facing toward each other with no liquid or solid therebetween and the
substance confronting ends facing away from each other, each of the empty space
confronting ends confronting an empty space in the syringe body, each of the substance
confronting ends confronting one of the substances, and the stoppers sealing the syringe
body independently of each other.

21. A prefilled syringe comprising:

a tubular body having front and rear end portions and having adjacent
compartments therein, each of said compartments having a separate substance therein,
said front end portion being sealed and engageable with a needle for injection of the
substances after they are mixed, and said rear end portion being engageable with a
plunger having a push rod connectable therewith for axially sliding said plunger in said
tubular body;

a sealing means comprising a first bypass stopper for separating and sealing said
adjacent compartments from each other, axially slidably disposed in said tubular body
between said adjacent compartments, said sealing means being slidable in said- tubular
body in response to sliding of said plunger in said tubular body; and

a bypass between said sealing means and said front end portion having an axial
length along said tubular body, said bypass permitting one of the substances in oné of
said adjacent compartments to bypass said sealing means and be introduced into the other
of said adjacent compartments;

wherein said sealing means further comprises a second bypass stopper axially
slidably disposed in said tubular body between said adjacent compartments separating
and sealing said adjacent compartments from each other independently of said first
bypass stopper, said first and second bypass stoppers being located adjacent to each other
and between the bypass and the plunger, said first and second bypass stoppers each
having an axial thickness such that, upon sliding of said plunger in said tubular body,
said first and second bypass stoppers are slidable to said bypass so that one of the
substances in one of said adjacent compartments can be introduced into the other of said
adjacent compartments;

wherein said first and second bypass stéppers further have a space therebetween
prior to sliding of said plunger in said tubular body, the distance between the‘stoppers
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engaging said tubular body, and said bridging ribs extending between said annular ribs

whereby an area between the annular ribs is subdivided to prevent substance flow around
the stopper between the annular ribs at the bypass.
22. A prefilled syringe body, comprising: _

a tubular body having front and rear end portions and having first and second
adjacent compartments therein, said front end portion being sealed and engageable with a
needle, and said rear end portion being sealed by a plunger engageable with a push rod;

a first substance disposed in a first of said adjacent compartments and a second
substance disposed in a second of said adjacent compartments;

a bypass in said tubular body in communication with one of said first and second
adjacent compartments; and

first and second bypass stoppers axially slidably disposed in said tubular body
separating and sealing said first and second adjacent compartments from each other, said
first and second bypass stoppers having no liquid or solid therebetween and a cumulative
axial length less than the axial length of said bypass, and being located between said
bypass and the other of said first and second adjacent compartments.

23. A prefilled syringe body, comprising:

a tubular body having front and rear end portions and having first and second
adjacent compartments therein, said front end portion being sealed and engageable with a
needle, and said rear end portion being sealed by a plunger engageable with a push rod;

a first substance disposed in a first of said adjacent compartments and a second
substance disposed in a second of said adjacent compartments;

a bypass in said tubular body in communication with one of said first and second
adjacent compartments; and

at least one bypass stopper axially slidably disposed in said tubular body separating
and sealing said first and second adjacent compartments from each other, said at least
one bypass stopper being located between said bypass and the other of said first and
second compartments, and said at least one bypass stopper having at least two annular
ribs thereon engaging said tubular body, a space between said at least two annular ribs
and bridging ribs extending between said annular ribs and annularly subdividing said
space. '

24. A prefilled syringe body, comprising:
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adjacent compartments therein, said front end portion being sealed and engageable with a
needle, and said rear end portion being sealed by a plunger engageable with a push rod;

a first substance disposed in a first of said adjacent compartments and a second
substance disposed in a second of said adjacent compartments;

a bypass in said tubular body in communication with one of said first and second
adjacent compartments; and

a sealing means for separating and sealing said first and second adjacent
compartments from each other, said sealing- means being located in said tubular body
between said bypass and the other of said first and second adjacent compartments, and
said sealing means comprising a minimizing means for minimizing the emanation of
moisture from said sealing means. '

.25. A syringe prefilled with a first substance and a second substance to be mixed in the
syringe, comprising:

a syringe body comprising a needle end engageable with a needle for injection of
the substances, a plunger end, and a bypass between the ends, the Bypass having an axial
length;

~ a stopper being sealably engaged in the syringe body and disposed between the
bypass and the plunger end prior to mixing of the substances such that the substances are
stored separately from each other prior to mixing, the stopper having an axial thickness
less than the axial length of the bypass to permit one of the substances to.flow around the
stopper at the bypass to be mixed with the other substance, wherein the stopper
comprises a cylindrical surface having annular and bridging ribs located thereon and
sealingly engaging the syringe body, the annular ribs having a space therebetween and
the bridging ribs extending between the annular ribs and subdividing the space between
the annular ribs; and

a plunger sealably engaged in the plunger end of the syringe body for driving the
substances out of the npeedle end for injection, the plunger comprising annular and
bridging ribs and a cylindrical surface, each of the ribs lying on the cylindrical surface
and ‘sealingly engaging the syringe body, and the bridging ribs extending between the
annular ribs whereby an area between the annular ribs is subdivided to prevent substance
flow around the plunger between the annular ribs at the bypass.
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PREFILLED SYRINGE

ABSTRACT ' -

A prefilled syringe capable of separate storage of different substances before

~use. It includes a tubular body (1) having an injection needle at one end and a plunger (2) at

the other end, and a paftition slidable axially in the tubular body (1). The partition includes

a front part and a rear part independent of each other, and as a whole dividing the interior

space of the tubular body (1) into a front compartment (4) and a rear compartment (5) ina

sealing manner for storing mutually different substances. A bypas;s.is disposed generally
between the front and rear compartments (4,5) to introduce the substance in the rear
compartment (5) into the front compartment (4) when the partition is slid under pressure
provided by the plunger (2) to be adjacent to the bypass to thereby mix the substances
immediately prior to injection. '

Fig. 1



