DESCRIPTION DEVICE AND METHOD FOR AUTOMATICALLY PREPARING EMULSION DRUG
Technical Field. The present invention relates to an apparatus for automatically preparing an
emulsion and a method of preparing the emulsion, in particular, an apparatus suitable for automatically
preparing an emulsion of a biologically active peptide and a method of preparing such emulsion.
Background Art When immune induction is conducted by using a peptide as an antigen, the
peptide may be administered together with an adjuvant, which serves as an effective means for
promoting an immune response. In this case, the adjuvant is an oil component such as liquid paraffin,

and hence the peptide and the adjuvant are r%f‘x%%&vﬁﬁ%gter and are emulsified before their

administration. . ?g at cw%ﬁlgg%f r %re ring such emulsion, there has been disclosed a method
peyT0R AIRCNIRIQUY 1oL PrEpANiG SUER SMUSION GEMULSION DRUG .
and a connector cye icated to the met%o .”Spe%“lﬁca;ilg/%l%‘ ‘f’hlggmeptrﬁ%%\fﬂa ixtire Bt anoif adjuvant
serving as an oil component and a peptide solution is agitated by causing the mixture to repeatedly
move between syringes via the connector having a small diameter (refer to Patent Document 1).
However$‘ghe}r]1erall>§, thec_ﬂreparation of the emulsion is manuglly conducted, and hence it is

. LECHILC [ SRS .
complicated anda burden is imposed on those who prepare the emulsion,

The present invention relates to an apparatus for automatically
preparing an emulsion and a method of preparing the emulsion, in

particular, an apparatus sultable for autcomaticall

<

preparing an
emulsion of a biclogically active peptide and a method of preparing

such emulsion.

Background Art

When immune induction is conducted by using a peptide as an
antigen, the peptide may be administered together with an adiuvant,
which serves as an effective means for promcting an immune response.
In this case, the adjuvant is an oil component such as liquid paraffin,
and hence the peptide and the adjuvant are mixed with water and
are emulsified before thelr administraticn.

As a technology for preparing such emulsion, there has been
digelosed a method and a connector dedicated to the msthod.
Specificaily, in this method, a mixture of an cil adjuvant serving
as an oil compenent and a peptide solution is agitated by causing
the mixture to repeatediy move between syringes via the connector

having a small diameter {(refer to Patent Document 1.

However, generally, the preparation of the emulsion is manually



Thereioreo for automation of the prep there has been proposed a pumping apparatus. Specifically, this
apparatus performs pumping, by which the above-mentioned mixture is caused to move from one
syringe through a connector into another syringe (reciprocating movement of syringe plungers). This
apparatus includes: fixing tables for detachably fixing the syringes coupled to each other through the
connector; and cooperating mechanisms for causing the syringe plungers of the syringes to
reciprocatingly move in the same direction (refer to Patent Document 1). Patent Document 1: WO
2007/083763 Disclosure of the Invention Problems to be solved b{}/ the Invention However, the
cooperating mechanisma of the above-mentioned pumping apparatas press andpiit ach of the
plungers;ﬁiL;hqemfiéi}@(g tr@pj_%sw'g:hmerpgglvgi?&arse_: g&ed S0 as not to move. The cooperating mechanisms
cause thetabl.es to reciprocatinghy move if each of the plungers s fixed so as not to move.
Consequently, with hi configuration of the cooperating mechanisms, when one plunger ic pressed,

Loererors o Tor sUtonation O Y he premaraticn. of L the ISR
another plunger is inevitablyled. Further, in the preparation of the emuiision, ir any case whefe
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there has been proposed a pumping apparatus. Specifically, this
apparatus perfcrms pumping, by which the above-mentioned mixture

is caused to move from one syringe through a connector inte another
syringe {reciprocating movement of svrings plungers). This

apparatus Includes: fixing tables for detachably fixing the svringes
coupled to each other through the connector; and cooperabting
mechanisms for causing the syringe plungers of the syringes Lo
reciprocatingly move in the same direction (refer to Patent Document
iy,

Patent Document 1: WO 2007/08B3783

Disclosure of the Invention
Problems tTo be solved by the Invention

However, the cocoperating mechanisms of the above-mentioned
pumping apparatus press and pull each of the plungers if the fixing

tables themselves are fixed so as not to move. The cooperating

o

mechanisms cause the Iixing tables to reciprocatingly move if each
of the plungsrs is fixed sc as not to move. Conseguently, with this
configuration of the cocoperating mechanisms, when one plunger is
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presssed, ancther plunger is inevitably pulled.
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Further, in the preparation of the emulsion, in any case where
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an apparatus for a manual preparation or an automated preparation is used, when a dmamic force for
pressing and pulling is transmitted simult anly to each of syringe plungers of two syringes couplod to
each other, or when a dynamic force for pulling is transmitted to one syringe plunger in order to cause
right and left syringe plungers to reciprocatingly move in the same direction, the air may be entrained
into the cylinand hence: there may be formed air bubbles. That would be because, when a speed for a
pulling movement of the one syringe plunger is higher than a speed for a pressing movement of
another %yrin%e Qlyr]%(lar, tfhe,_aiﬂr is entrained due to a pulling Pressuyre from.between the syringe
Il jelohi 50 LG MEInUE L reparal ol OF Il automate GEEDAarat.l On .

plunger and the cyﬁn ér, which are engaéjlng in"a pulling' movement, or from?the*coup“nng bortion
between the cylinder engaging in. a pulling movement and the co§neclqr.. . The emulsion having

LB UBEed, wWherd Yliiamd o Torte TOT DrUeSSing &I oulli s L SM1cT
al- bubblés in the above-mentioned manner cannot be used as a formulation. Thereforea need for
pro"'d.'”%S%%ﬂ%%“&%?«%sJ%r preyenting the airom being entrained intg the cylin.der
emulsion is needed to be’homogeneous.

in.ders. In addition, the
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to sach other, or when a dynamic force for pulling is transmitted
Lo ong syrings plunger in crder to cause right and left syringe
plungers to reciprocatingly move in the same dirvection, the aix
may be entrained into the cylinders, and hence there mayv be formed

alr bubbles. That would be because, when or a pulling
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movemant of the one syringe plungsr 1s higher than a speed for a
pressing movement of another syringe plungsr, the air is entrained

due to

&

rulling pressure from between the syrings plunger and the
cylinder, which are engaging in a pulling movement, or from the

coupling portion bhetwsen the oylinder sengaging in a pulling movemsent
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The emulsion having alr pubbles in the above-menticonsd manner
cannot be used as a formulation. Therefore, theve is a need for
providing countermeasures for preventing the air from being
entrained into the coylinders.

In additien, the emulsion is needed to be homogsneous.

in the above-mentioned conventicnal technclogy, there has besen
disclosed a method. Specifically, in the methed, the numbsr of
pumping is taken ag an indicator of the completion of the smulsion.

The emulsion is obtained by performing thirtieth times or more of

pumping. However, in such method, due to some conditions upon the
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In the above-mentioned conventional technology, there has been disclosed a method. Specifihally, in
the method, the number of pumping is taken as an indicator or the completion of the emulsion. The
emulsion is obtained by performing thirtieth times or more of Pumping. However, In such mernoci, due
to some conditions upon the reciprocating speed of the syringe (speed of pumping), a moving speed
of the solution, the number of the reciprocation of the syringe plungers .e., the number of pumping is
varied, which is needed for the preparation of the emulsion. Therefore, it is difficult to obtain the
indicator o;(tahe gggl%@lctigg OIHQF eemuiscion by usin%the numbervqf the reﬁcigrhopatigln pf the syringe
plungers Th &déition, pumping is continlied 8ven after the complétioh of the enulSioR " aRd ence there
is a fear ij[‘l@t(l;]@t ;@J% g%atgziﬂtyﬂof@ thg _e)mutlﬁgncj;s?@ffﬁcgeq. Conseguen YLY a determination whethernot the
emulsion’is completed dépends mainly on the slin-ecta cetermanacior of those Who prepare the
emulsion, Thus, itJs not easy fo, prepare a homogeneous emulsion . , Cue fo the fact described
above, in Order to set an objective AnGAcator Of the complation of the emulion. which iStabl to the
preparation of the emu!asi.on{_%fe V%[jlq%% kinds o{} Qegtides, it isag%iéabl‘%to set the indi«ceaéor which is

. wrunagersil.e., T Til. O Hil 1.8 1N 18 MNeadt
easily detected upon the preparation ofemulsion and Which & comrnon ‘among the various

for the preparation of the emulsion. Therefore, it iz difficults
to obtain the indicator of the completion of the emulsion by using
the number of the reclpreocation of the syringe plungsrs. In addition,

pumping ig continued even after the completion of the emulsion,

F

and hence there ig a fear in that the stability of the emulsion

is affected. Conseguently, a determination whether or not the
emulsion 1s completed depends wmainly on the subjective determination
of those who prepare the smulsion. Thus, it is not sasy to prepars

& homogeneous emulsiocn.

Due to the fact descoribed above
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indicater of the completion of the emu
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to the preparation of the emulsion of varicus kinds of peptides,

ig desirable to set the indicator which is easily detected upon

kinds of the peptides.
Therefore, it is an object of the prassent invention, in the
preparation of the emulsion by causing the mixture te flow from

the one syringe through the connector into the another syringe,

to prevent the air from being entrained intco ovlinders and to prepare
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kinds of the peptides. Therefore, it is an object of the present invent ion, in the of the emulsion by
causingthe mixture to ow row the one syringe through the connector in.to the another syringe, to
prevent the air from being entrained into cylinders and to prepare the emulsion containing no air
bubble. In addition, it is another object of the present invention to setindicator,asily detected
upon the preparation and which is common among the various kinds of the peptides, so as to easily
prepare the homogeneous emulsion and so as to allow the completion of the emulsion to be easily
known. Means for solving the Prowbtjemvs In Ofgﬂ to solveatbO\ée-{‘%entig_@qu ggoplenli gvit{br\_the
conventional techinology, according to the present invention, a syringe pressing apparatus includes: a

Sy“ngef%%p%igg%ngpﬁghicator, which iz esagi
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and which is common among the various kinds of the peptides, so

as to easily prepare the homogenecus emulsion and so as to allow

the completion of the emulsion to be esasily known.
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oY 8clving the Problems
In order to solve the above-mentioned problems with the

conventional technology, according to the present invention, a

syringe pressing appavatus includes: a syrings fixing mechanism
for fixing two syringes to a casing, the two syringss being coupled

te each other through a connector; and a pressing mechanism for
alternately pressing syringe plungers of the ftwo eyringes.
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Further, in the syringe pressing apparatus fixing
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mechanism detachably fixes the two svringes to the casing, the two

syringes being coupled to each cother through the connector. Further,

n

the pressing mechanism includes: at least one palr of pressing

sections Ior alternately pressing the syringe plungers of the tCwo
gsectiong; and

a power transmission mechanism for transmitting a movement of the

ng seCtions® 80 as Lo cause the pressing

i

driving scurce to the press
sections to linearly and reciprocatingly move.

Further, the syringe pressing apparatus further incliudes =

plunger-pressure-measuring device for measuring a pressure with



for fixing two syringes to a casing, the two syringes being( coupled to each other through connector;
and a pressing mechanism for alternately pressing syringe plungers of the two syringes. Further,
in the syringe pressing apparatus, the syi,age fixing mechanism detachably fixes the two syringes to
the casing, the two syringes being coupled to each other. through the connector. Further, the pressing
mechanism includes: at least one pair of pressing sectionsalternately pressing the syringe plungers of
the two sy_tn es a driving source for driving the pressing sec-ions and power transmission
mechanism fﬂcy tir_gnsmi'gtin%ﬁ L movement of thevgrivin source to.the pressing sections so as to cause
the Presding sections o lineatfy Bhd raciprocatingly move: °Y* Fiitthér the"Syringe pressing apparatus
further includes plunger-p ssure easuring device for measuring a pressure with which the pressing
mechanism presses the syringe plungers. EUrther, the Syringe pressing Apparafus flrthet includes a
control dgf\(irg:tejgﬂir contr. (!Ii;ng g;)ﬂe p(r‘gﬁjggm}rpechgplisrg Vco{grugsrpondin‘gllg/ tp the pressure with which the
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pressing mechanism presses the syringe piluﬂgers, the pressdre being measured by the
plunger-pre§§ur%bmeasuglng%dﬁgv%%%. o FU“Q%%'Qﬁheﬁynng&%resrsé%% i’;qgl)([})aratugél ItﬂeS control device

orres flenlaiehvags L LTEeEs3uTe L rchn = i © m
controls the pressing mgchanlsm, when the pressire osf]pressmg hé syrlnger‘pmngers réaches a

pressure which is pg%determ_ined timqs as Iagge as an initialgpreSSLgepressing of thg S)éringehplungers
ﬁ%@SS@S Lne %Yllﬁge 8wuﬂﬁ$r Tne gres ure EH%% e %Pfe : [
or when the pressure of pressing the syringe plungersteaches a predetermine pressmé préessure.
plunger-pressure-measuring device.
Further, in the syrings pregssing apparatus, the control device
controls the pressing mechaniswm, when the pressure of pressing the
svringe plungers reaches a pressure which is predetermined times

ag largs as an initial pressure pressing of the syrings plungers

or when the pregsure of pressing cthe gyringe plungers reaches

a
predetermined pressing pressure.
Further, the syringe pressing apparatus further includes za
cooling device for cooling the driving source.
Further, the syringe pressing apparatus further inciudes a
timer fory managing a driving time pericd of the pressing mechanism.
Further, the syrings pressing apparatus further includes a
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Mgers reaches a predetermined pressure,

the pressure peing measured by the plunger-pressure-measuring
device.
Further, the svringe pressing apparatus Ifurther includes a

stopping-informing mechanism for informing stopping of the pressing

mechanism.



Further, the syringe pressing apparatus further includes a cooling device for cooling the driving source.
Further, the syringe pressing apparatus further includes a timer for managing a driving time period of
the pressing mechanism. Further, the syringe pressing apparatus further includes a
pressure-informing mechanism for informing that the pressure of pressing the syringe plungers
reaches a predetermined pressure, the pressure being measured by the plunger-pressure-measuring
device. Further, the syringe pressing apparatus further includes a stopping-informing mechanism
for informing stop;piggzpefltheip}!eggigg mYe;chanism. . Further, in the syringe pressing apparatus,
each of press.ing Sections is provided With an adjustigg Témber Tor' . di &tancé. hetieeach of the
pressing sectionseach of ie syringe plungets., , ., The syringe pressing apparatus can be suitably
used as a syringe pressing apparatus for emulsion production, for producing an emut- K

sioagitatipgcggerj‘a“l of ‘thgp«;rvggg);s;jon in, the.s. .

IlELEnce i each of the pressing sections ang

ach of the
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sSyringe plungers.
The syringe pressing apparatus can be suitably used as a syringe
pressing apparatus for emuision production, for producing an

ng a raw material of the emulsion in the svringss.

e

emulsion by agitat

Further, the syrings pressing apparatus can be suitably ussd
as a pressing force-measuring apparatus for the syringe plungers,
for measuring a pressure with which the svyringe plungers press an
chiect injected into the syringes.

In additicn, a method of producing an emulsion includes:
installing two syringes, into which a raw material of the emulsion
tg injected and which are coupled to each other through a connector,
in the syringe pressing apparatus; alternately pressing syringe
plungers; causing the raw material of the emulsion to move bebween
the syringes via the connector so as to be agitated; and preparing
the emulsion.

Further, the method of producing the emulgion furcther incliudes:
measuring a pressure of pressing the syringe plungers: and
controiling a pregsing pressure of the gyrings pl
correspondingly to the measured pressure.

Further, a method of evaluating completion of an emulsion

includes: installing two syringes, into which a raw material of



ther, the syringe pressing apparatus can be suitably i as a pressing force-measuring apparatus for the
syringe plungers, for measuring a pressure with which the syringe plungers press an object injected
into the syringes. In addition, a method of producing an emulsion. includes: installing two
syringes, into which a. raw material of the emulsion is injected and which are coupled to each other
through a connector, in the syringe pressingapparatus; alternately pressing syringe plungers; causing
the raw material of the emulsion to move between the syringes via the connector so as to be agitated;
and prepg the emulsion_ Further, the method of. {ggodﬁuvcin% the emulsioner includes: measuring a
pressure of pressing the syrings plungers: and controiginprassing pressite b thasyrirge pithgers
correspondLn{g%ygp the measured pressure. Fumethod of evaluating completion of an emulsion
includes Tnstalli ‘

S OO I Une SVIrings oresoir LANTA e G ertate i T ey S Y
hgtwo Syringes, info' which a‘raw material 6f the EmulSion is injéctéd and \which are

doubled o each other through _ conr,prepsing apparatus; alternately pressing

e plungers,; cauming Lhe or mat smuldion to move
between the syringes via the connector 8o as to be agitated and
measuring & pressure of pressing the syringe pilungers; and informing

that the measured pressure reaches a predetsrmined pressure.

i

Effects of the Invention

According to the present invention as described above, in the
preparation of the emulsion by causing the mixture to flow from
the one syringe through the connector into the another sgyringe,
it is possible to prevent the alr from being entrained into the
cyiinders, and hence possible to prepare the emulsion containing
no air bubble.

In addition, it is possible to use the indicator which is easily

detected upon the preparation and which is common among the various
kinds of the peptides, and hence possible to saszily prepare the

homogeneous emulsion. In addition, it ig possible to sasily know

the completion of the emulsion.

FIG. 1 is a top view of & first embodiment according to the

FIG. 2 is 2 vop view of the first embodiment according to thes



syringe pi ders; causing the raw material of the emulsion between the syringes via the connector so as
to be agitated and measuring a pressure of pressing the syringe plungers; and informing that the
measured pressure reaches a predetermined pressure. Effects of the Invention According to the
present invention as described above, in the preparation of the emulsion by causing the mixture to flow
from the one syringe through the connector into the another syringe, it is possible to prevent the air
from being entrained into the cylinders, and hence possible to prepare the emulsion containing no air
bubble. @‘»er‘!&%dd‘;itjl%@hi% isopossible to use the indicator which is easily detected upon the preparation
and which’is‘commion amolng‘t'he various kinds of the peptides, and hence possible to easily repare
the homogeneous emulsion. In qqgi;g_iqpl as ispo@s_yg[blgétocefasp_ilvxﬁkngv! the complet.ion of the emulsion_
Br if Description of the Drawings "1 iSa top view of aTirst embodiment according to the present
inventiont_i}[llea r,‘;;‘?SQe%E%‘tQ' FIG. 2 is aé'l;gpt\({i}%ww= g }Qenftrgg gr_nbodiment according to the

IV aenTion
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IG. 4 is & side view of the first embodiment according to

4]

the present invention in the used state, which ig 1llustrated in
a partially broken state.
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FIG. 6 is a side view 0of syringes coupled to each other through
a connector used in the present invention.

FTIG. 7 ig a top view 0f a second embodiment according to the
pregsent invention.

FIG. 8 i= a top view of

]

third embodiment according to the
present invention.

FIG. % 1s graphs showing changes of pressing forces of syringe
plungers.

FIG. 10 is photographs of results of drop tests.

FIG. 11 is microphotographs of enmulsion.

£

FIGS. 12 f{a) to (&) are graphs showing changes of pressing
Jray 9 g S S

1 syringe pressing apparatus
10 casing



present invention. FIG. 3 is a side view of the fi.rsL embodimentt'41(u)( to present invent.ion in the
used state. FIG. 4 is a si.de vicw of the first embodiment bcording to the present invention in the used
state, which is illustrated in a partially broken state. FIG.partially enlarged view of the first embodiment

according to the present invention_ FIG. 6 is a side view of syringes coupled to each other
through a connector used in the present invent on. FIG. 7 is a top view of a second embodiment
according to the present invention. FIG. 8 is a top view of a third embodiment according

100 cbiject to be agitated

2 svringe fixing table

24 holding plate

20 syringe fixing wmechanism
3 syringe supporting table
4 pressing section

40 pressing mechanism

44 adiusting member

47 adiusting screw

48 adiusting nut

5 power transmission mechanism
50 motor

52 threaded shaft

54 nut

56 rotation-preventing shaft
6 compressed load cell

9 gyringe

90 syringe body

21 syringe plunger

939 connector

Best Mode for carrying out the Invention
In the following, the embodiments according to the present

invention are described with reference to the drawings. BAs



present Invention. FIG. 9 is graphs showing changes of pressing forces of syringe plungers FIG.
10 is photographs of results of drop tests. FIG. 11 is microphotographs of emulsion. FIGS. 12 (a)e
graphs es of syringe plungers. Description of Symbols syringe pressing apparatus 10casing ges
of pressing 100o0bject to be agitated

illustrated in FIGS. 1 tfto 4, a syringe pressing apparatus 1 includes
a syringe fixing mechanism 20 and a pressing mechanism 40 in a casing
10. The syringe fixing mechanism 20 iz for fixing two syringes S
co the casing 10, the two syringes 9 being coupled to each other
thrcugh a connector %9%. The pressing mechanism 40 1s for alternately
pressing a pair of syringe plungers 91 of the syringses 9.

In the syringe pressing apparatus 1, the syringe plungers 51
are alternately pressed, and hence an object to be agitated 100
in the two syringes 9 ccupled to sach other through the connector
99 may be agitated while being caused to move from one syringe 9
via the connector %% into ancother syringe 9. Each of the syringes
9% used in the syringe pressing apparatus 1 inciudes, as illustrated
in FIG. &, a syringe body 90 and the syringe plunger 21. At a tip
end of the syringe body 20, there 1g a tip end portion 22 formed
s0 as to have a smallier diameter than a diameter of other portion
of the svringe body 50. From the tip end of the tip end portion

¢Z, a most tip end portion %3 extends, which is formed o as to

ot

have a smaller diameter than the diametser of the tip end portion

92. The comnector 99 is formed into a coviindrical shape so ag to
include a flowing path 391 having both open ends and a small diameter
Et the both end porticns ©f the connector 9%, there are providsed

fitting portions %53 each having a larger diameter than the diameter

[

of the flowing path %%1, intc which the mest tip end portions o

the syringes 9% are Iitted Into both of the fitting portions 253

O
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syringe fixing table 24holding plate 20syringe fixing mechanism 3syringe supporting table 4pressing
section 40pressing mechanism 44adjusting member 47adjusting screw 48adjusting nut power
transmission mechanis 50motor

of the connector 99, the most tip end portion %3 of esach of the

syringes % is inserted and fivted szo ag to couple two syringes &
via the connector $5% in a hermetically ssaled manner. Thus, they

become one set. Ncote that, the shape o©f the syringes 9 is not limited
to the above-mentioned shape as long as the two syringes ¢ are coupled
to sach other via the connector 99 in a hermetically sealed manner.

In addition, 1t is sufficient that, as the syringes 9 and the
conpector 9% used in the present invention, those conventionally
used for preparing the emulsion are used. For examplea, there are
used the syringe bodies 20, which have a gectional area egual 1n
size to or larger than a sectional area of the flowing path 991

portion having the small diameter in connector $3. However, it is

.

bty

preferred that the syringe bodies be used, which have more than
twice the sectiocnal area of the flowing path 291 portion having
the small diameter in connector 9. In addition, though an inney
diameter of the flowing path 991 having & circular section in connector
98 is not particularly limited, it ig preferably about 0.5 to 2.0
mm, and a length of the flowing path 2%1 portion having a small
diameter is preferably about 5 to 20 mm.

The syringe Ifixing mechanism 20 iz a nmechanism for restricting
movement of the syringe bodies 90 of the syringes 2 and fixing the

syrings bodies %0 and the connector 99 to the casing 10. The svyringe

o
h

fixing mechanism 20 includes: a pair of syrings fixing tableg 2

provided on a top surface of the casing 10; and

{u

ayringe supporting
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52threaded shaft 54nut 56rotationpreventing shaft 6compressed load cell 9syringe 90syringe body
91syringe plunger 99connector Best Mode for carrying out the invention In the following, the
embodiments according to the present invention are described with reference to the drawings. As

table 3 provided substantially in a center bpetween the pair of syringe
fiwing tables 2 and 2. The pair of syringe fixing tables 2 and the
syringe supporting table 3 are linearly arranged.

The syringe fixing tables 2 are members for retaining the
syrings bodies 90 of the syringss 9 and fixing the svrings bodies

90 to the casing 10. As illustrated clearly in FIG. 5, the syringe

fixing vables 2 are members each having an L-shaped section by

i
o
o

providing a vertical piece 21 to an portion of a horizontal

plece 22 so that the vertical piece 21 ig perpendicular to the

¥
pa)

norizontal piece The syringe fixing tables 2 ave fixed to the
casing 10 by using screws 25 which pass through threadsd holes provided
te the horizontal piecse 22, The vertical pilece 21 is provided with
an  installing vrecessed portion 23 having & substantial U-shaped
longitudinal section. Intoe the installing recessed portion 23, the
syringe §, specifically the syringe body 90 ig inserted from above
for installiation. &bove the vertical pilece 21, a holding plate 24

for covering the installing recessed portion 22 from above and holding

the installed syringe % iz axially and rotatably supported.

At one end portion of the holding plate 24, there is provided a
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supporting

Q5

suppoerting hole, into which
At another end portion of the holding plate 24, there is provide
a fixing recessed portion 241, into which a threaded portion of

,

a fastening screw 27 is inserted. On both sides of the installing

recessed portion 23 positioned on a top surface of the vertical

1z



strated in FIGS. 1 to 4, a syringe pressing apparatus 1 includes a syringe fixing mechanism 20 and a
pressing mechanism 40 in a casil 106 The syringe fixing me20 is for fixing two syringes 9 to the casing
10, the two syringes 9 being coupled to each other through a connector 99. The pressing mechanism

40 is for alternately pressing a pair of syringe plungers 91 of the syringes 9.

In the syringe

pressing apparatus 1, the syringe plungers 91 are alternately pressed, and hence an object to be
agitated 100 in the two syringes 9 coupled to each other through the connector 99 may be agitated

while bein causze,d to move from\gggiscyerglq:eng Vi

. pledce i,.C
the syringes 9 used in
body 90 and the syringe plunger 91. At a
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formed so as to have a'smaller diameter fHB

the tip end of Eth.~g§§§¢ portion 92, a mo
diameter than the diameter of the tip en
so as to a flowing path 991 hayin
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te that the holding plate 24 is

sandwiched betwesn a screw head 271 of the fastening screw 27 and

the vertical piece 21. As

With this configuration,
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of two syringes 9,

connector 9%,

the syringe % to be used and possible to prevent movement of

syri
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23 may have shape such as

bottom portion of the installing recessed portion 23 have

In addition,
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the syringe 9 to be used.
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nge 9 by the holding plate 24.

o

&

r €5
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The installing recessed portion
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U-shape.
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having the same length as a diameter of the svringe body 30 of

in order to securely



of the connector 99, the most tip end portion 93 of each of the 9 is inserted and fitted so as to
couple two syringes via the connector 99 in a hermetically sealed manner. Thus, they become one set.
Note that, the shape of the syringes 9 is not limited to the above-mentioned shape as long as the two
syringes 9 are coupled to each other via the connector 99 in a hermetically sealed manner. In
addition, it is sufficient that, as the syringes 9 and the connector 99 used in the present invention,
those convention.a used for preparing the emulsion are used. For example, there are used the syringe
bodies 90, which have a sectjonal area equal_in size 10 ar larger than a sectional area, of the flowing
path 991%&'[%%%5\%%@%3 small %?an%%?é’ﬁnacé)ﬁ héctd %@“ﬁo%ﬂg\?éﬁ it is preferred thatthe dyringe
bodies be used, which have more than cc the sectional area, of the flowing path 991 portion ha- the
small diameter in oh‘ne%fo?3 né}.‘jlnj Ecj;bldallti"i%in “noughan inner afan%g?é'r‘gf th‘"e?1 dwing path 891 Having a
circular section in connector 99 is not.particularly limited, it i;pg}ej@e@?ly\ about 0.5 t0 2.0 mm, and a
length of the flowing path: 9‘61“por$i‘bn%a\7ihg a small diamefer is preferably’abodt. 5 to 20 mm.

The syringne fix'H1 mechanism 20 is a meghagi 1 for re tHctin movement of t90 of the syringes 9 and
. L . ite toat, & th L0 > 58 Tolimi .

fixing the syrlng%%t?oies qbaand“%hgi%oﬁ%ecct)orngrg}fé?ﬁestcaeélr?g ﬁbz.l%egsyr?ngnégﬁxmgmr:hi—é%ﬁanlsm 20
'S“UC[')‘;%‘?;% palr of syringe foxing tables 2 provided on a top surface of the caging 10; and a syringe

The syringe suppcorting table 3 is a member for retaining the
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ip end portions %2 of the svrings bodies 90 and restricting movement
of the syringe bodies 90. The svrings supporting table 3 is a member

having a C-shaped section obtained by providing vertical pieces

31 to both oppcesed ends of a horizontal piece 22 so that the vertical

pleces 31 are perpendicular to the horizontal plece 32. The syringe
supporting table 2 ig fixed to the caging 10 by using screws 235
which pass through threaded holes provided to the horizontal piece

32. The vertical piece 31 is provided with an installing recessed
portion 33 having a substantial U-shaped longitudinal section. Into
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the installing recessed porticn 33, tip end portion 22 of the syringe

pody %0 1s inserted from above for installation. A length L between
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the vertical pleces 31 and 21 is set to be equal to or

the connector 9% to be installed.

3]

a iength o
Similarliy to the installing recessed portion 23, a2 shape of
rhe installing recessed portion 33 is not particularl:
long as it is pessgible to install therein the syrings 2 fo be used.
The installing recessed portion 33 may have & shape other than a

substantial U-shape. It 1s preferred that, in order to securely



table 3 provided substantially in a center between the pair of syringe tables 2 and 2. 7ir of syringe
fixing tables 2 and the syringe supporting lablel are linearly arranged. The syringe fixing tables 2
are members for retaining the syringe bodies 90 ofe syringes 9 and fixing the syringe bodies 90 to the
casing 10. As illustrated clearly in FIG. 5, the syringe tables 2 are members each having an L-shaped
section by viding a vertical piece 21 to an end portion of a horizon piece 22 so that the vertical piece
21 is perpendicular to the horizontal piece 22. The syringe fixing tables 2 are fixed to the casing 10 by
using screws 23 WhICh ass throu h threaded holes provided to the horizontal piece 22. The vertical

piece 2178 provided Wi anrécessed T pFtiGR 23 haviny a' SubstahflarUshapéd faighatinars&ction.
Into the %stalllng recessed portthe styrlnge 9, spe%lflcallylnge body 90 is inserted frorg gbove
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a length L between the vertical pileces 21 and 31 ig set to ke equal
to or larger than the length of the connector 9% to be installed.
In addition, heights of the vertical pieces 31 and depths of the
installing recessed portions 33 are set to be corresponding to the
vertical pieces 21 and a depth of the installing recessed portions
23 of the syringe fixing tables 2. Thus, the two syringes 9 are
linearly retained, which are coupled to each other through the
connector 9% to be installed.

The pressing mechanism 40 includes: pressing secticns 4 for
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tely pressing the syringe plungers 91 of the two syringes
9; & driving source for driving the pressing sections 4 so as to
cause the pressing sections 4 to linearly and reciprocatingly move;
and a power transmission device 5 for transmitting movement of the

driving source to the pressing sections ¢ so as to cause the pressing
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linearly and reciprocatingly move. The pressing
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rranged in a palr on the top surface of the casing
10 80 as to be opposed to esach other. The driving socurce and thes
power transmission device 3 are provided in the casing 10.

The power transmission device 5, as illustrated in FIGS. 1



for installation. Above the vertical piece 21, a holding. plate 24 for covering the installing recessed
portion 23 from above and holding the installed syringe 9 is axially and rotatably supported. At
one end portion of the holding plate 24, there is provided a supporting hole, into which a supporting
screw 26 is inserted. At another end portion of the holding plate 24, there is provided a fixing recessed
portion 241, into which a threaded portion of a fastening screw 27 4s inserted. On both slues of
recessed portion 23 positioned on a -op surface of the vertical piece 21, there is provided threaded.
hole. The §upgogtin§$§%eé/v 26 is inserted into the sypporting hole of the holding plate 24: and, screwed
into one fi.readed hofe S0 as Focfaf)a%ﬁy support the holding plate 24 6 the syrinige fixing table 2. The
fastening screw 27 is screwed into another threaded hole, and the threaded portion of the fastening
screw 27'i8 tF?é% inserted i\é\vfo %He%xi‘hblr"éaé%késé%gp’orﬁ%% higli aftér Fqb?%f%g’ﬁgﬁjmg‘"bla‘it% 24. Thus, the
fastenin%y. .

sxially and rotatably supported by the hearings 59, The pulley &

Lad

wd
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is fixed substantially in a center of the threaded shaft 52. The
rotatlon-preventing shaft 56 isg fixed to the casing 10 so as to
be parallel to the threaded shaft 52. Two bearings 5% are provided
while sandwiching the pulley 53, and support the threaded shaft
52 in an intermediate portion. However the number and the pesition
of the bearings 59 to be installed are not limited as long as 1t
is possible to axially and rotatably support the threaded shaft
52. For example, the bearings 5% may be installed to both end portiong
of the threaded shaft 52. In addition, two fixing blocks 58 are
fixed to the casing 10 by using screws 583% at a predetermined spacs.
By being inserted into ingerting holes 581 of the two fixing blocks
58, the rotation-preventing shaft 5§56 1s fixed. Further, the
rotaticn-preventing shaft 56 may be rigidly fixed by bheing inserted
also into through-holes £%6 provided te the bearings 59.

As the nuts 54, ball screw nute are suitably used. In esach
of the ball screw nuts, there are provided a threaded hole 541 and
an inserting hole 542. The threaded shaft 52 is inserted into the

chreaded hole %41, and the rotation-preventing shaft 56 is inserted
wd
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intc the inserting hole 542Z2. A pair of
on both sides of the threaded shaft 52 at a predetermined space

while sandwiching the pulley 53. The threaded shaft 52 is inserted



screw 27 is fastened in such a state that the holding plate 24 is sandwiched between a screw head
27the fastening screw 27 and the vertical piece 21. As a result, the holding plate 24 is fixed. withis
configuration, it is possible to detachably fx a set of two syringes 9, which are coupled to each other
through the connector 99, to the casing 10. A shape of the installing recessed portion 23 is not
particularly limited as long as it is possible to install therein the syringe 9 to be used and possible to
prevent movement of the syringe 9 by the holding plate 24. The installing recessed portion 23 may
have a sfiape such as.a./ shane gther han g substantial D-shape, It s preferred that, in order to
securely fix the syringe §74 bottom portion o he insta ling recessed porﬁ’on. 23 'have ar identical
shape to a shape gt]tpg scyrinaq;e bodyﬁropoft e.syringe 9 to be used. In addition, the installin
recessed Sér'itigonrﬁé)y have a OFe%?ﬁ D héllv‘?.ﬁé]et%e ggr%%ﬁéﬁgth asa diglrﬁete?%r?ethe“siygﬁﬁge body 90 of
the syringe 9.to.be used. It is preferred that, in order to securely fix the syringe 9, the depth D be
slightly sm“étifét? than'thé diameter 6f’t5ffé”s§r‘f ngé bb‘d’y"90,”é‘nd“é%écﬁiéaﬂ%"ﬁé smal g’“ﬁﬁé‘in the
diameter of the gyringe body 90 by 0.1 t0.0.4 WM/ preferably by 0.2 t9 0.3 mm., De$§it§ that, a method

.. & . = PO LACh) i T [
of fixing the syringe 9 is not'limited as Ionglgélgrpossfﬁle to s@curelf |x¥f’ﬁgnsyr|rl1%

the nuts 54 and 54 is set to be corresponding to the two syringes
% coupled with each other through the connector %9 to be installed,
and amount of the obiect to he agitated 100 in syringes, that is,

a distance between heads %12 of the pair of the svyvringe plungers

kted
e

With this configuration, rotation of the nuts 54 due to rotation
of the threaded shaft 52 is prevented. In addition, the reciprocating

movement of th

it

nuts 54 in a longitudinal direction of the threaded
shaft 52 is allowed while the pair of the nuts 54 and 54 being alwavs
positionad at a predetermined space.

The power Transmissicn device 5 converts the movement of the
driving source into a linear reciprocating movement if needed. The
power transmission device 5 is not limited to the above-mentioned
ong as it is possible to transmit the movement
of the driving source to the pressing sections 4. Components of
the power transmission device & may be appropriatelyv alternated
with the other members. For example, in place of the threaded shaft
52 and the nuts 54, a rack and pinion mechanism or crank mechanism
may ke used.

As the driving source, as illustrated in FIG. 4, a motor 50

used. The motor 50 is connected to an electric power supply (not
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The syringe supporting table 3 is a member for retaining the tip end portions 92 of the syringe bodies
90 and restricting movement of the syringe bodies 90. The syringe supporting table 3 is a member
having a C-shaped section obtained by providing vertical pieces 31 to both opposed ends of a
horizontal piece 32 so that the vertical pieces 31 are perpendicular to the horizontal piece 32. The
syringe supporting table 3 is fixed to the casing 10 by using screws 35 whichthrough threaded holes
provided to the horizontal piece 32. The vertical piece 31 is provided with an installing recessed
portion 33 having a substantial U-shaped longitudinal section. Into _ e installing recessed portion 33,
tip end pc“fr%?o"ﬁ%Z%ﬁh%*s:)i/?lérllgLeobé 3? QDnltsel?]%g%te(Oi rct):ngleaIc():oa\féL for i“h%sfalla‘ﬁlor?.%ﬁjléﬁﬁtrﬁ’u between e
vertical pieces 31 and 31 s set toedual fo_or larger than a length or the connector 99 tq be installed.

gggg MOTOGL

Similarly fo the installing recessed portion 23, a shape of the inscallng recessed portion 33 is not

particularly lcmted..as long as it is possible. to install therein the syringe 9 to be used. The install.ing

recessed ﬁor’”t%%@ﬁ‘rﬁgy have a. sﬁé?p’g ‘other than a substantial U-shape. ‘1t“isu8reTé'ﬁéa that, in order

to securg{glﬁégh%gggri@gg 9, .a hottom portion of the installing recessed portion 33 gave an identical
sha

shape to a pe of the tip end pocfﬁgﬁ 92 of ﬁ'\lhedéfir?ﬁgg hoc yCSO"o?qflf'lsnifffﬁ%e 10 be used. In
addition

'which is preset in accordance with a preset program. Note that,
as the control device, it is possible to use a control circuit,
computer, or the like. Thus, it is possible to set driving and

opping of the driving source, a time periocd and a speed of the

ot

5
normal rotation and the counter rotation, and the like by using
a switch and a cock (not shown) which are provided to a control

ey 502 1s fixed to a rotational

pomt

beoard 7 provided on the casing 10. & pul
shaft 501 of the motor 50. The pulley 502 and the pulley 53 are
coupled to each other via the belt 51. Note that, the driving source
is not limited to the motor, and that it 1g azlsc pessgible to use
a publicly known driving source such asg an electric cvlinder, a
pneumatic cylinder, or a hydraulic cylinder.

Nete that, there ig a fear in that the emulsion to be prepared
iz deteriorated due to heat generating from the driving source such
as the motor 50, and hence it is preferred to install a coocling

device for cooling the driving source such as the motor 30. As the

cooling device, as iliustrated in FIC. 1, a cooling fan &, a heat
pipe, or the like may be used, which is installed in vicinity of

or in contact with the driving source such as the motor 50.

Bach of the pressing sections 4 includes, as iilustrated

1%



a length L between the vertical pieces 31 and 31 is set to be equal to or larger than the length of the
connector 99 to be installed. In addition, heights of the vertical pieces 31 and depths of the installing
recessed portions 33 are set to be corresponding to the vertical pieces 21 and a depth of the installing
recessed portions 23 of the syringe fixing tables 2. Thus, the two syringes 9 are linearly retained,
which are coupled to each other through the connector 99 to be installed. The pressing
mechanism 40 includes: pressing sections 4 for alternately pressing the syringe plungers 91 of the two
syringes C& eaadqivingnsg ce fo[ dariryén% th(g1 p&%%%g? s?_eac\;iﬂ_ps 4 so.as %}o cayse thg pressing sections 4
to Iinearlyi'smoiL r’éﬁiﬁroc‘a Ingly move; arid a power rafsmission device 5 for t?&ﬁs’rﬁﬁﬁnﬁ novement of
the drivir}gﬂsouge to the Qrgssing sections 4 so as to cause the pressing sections 4 to linearly and

. OV L l’ﬂ\? A _WerTlioal piece 41 U0 an endg portlion b T‘l IEOI;ZO?'E = .
reciprocatingly move. The pressing sections 4 are arranged in a pair on the top surface of the casing
10 50 as o be opposed ipeagh oner, The driving soujge and the power iransmission device 5 are
provided'in the casing 10."  The power trarismission device 5: as illustrated in FIGS. 1 and 4,
include g belt 51.a ttﬂreaded shgft 52.a pull 2y, 53, a pair of nuts 54, .and a rotatign-preventing shatft 56.

WOTL2ontal [ 4207 1 ressln o .18 Lax T .
The threaded shaft ~ " inserted mff)lcbez;)rlgngt holés %33;Léjl‘geasrflﬁr({’gsl 59 Which are fixed o the casing
10 with threads 5gg%agd the threaded shaft 22 | axiallg arntai-a r> su erked by the beerin.gs 59. The
pulley 53 ?%efixéld substa}ﬁt}éﬁlﬁﬁ a center of the threadéd shaft % .rfﬁégr?ot’atfﬁ%%?gve}hcﬁ%sshaft 56 is
fixed to thec sligg,,ilig 20 as to, he Qg[a”d to t@e thread%g shaft 52. Two bearir_;gsc§9 are.provided while
520 ‘ Sl 3 : & > T

sandwiching %e pul éey 5%, and supplort2 the threaded shaft 52 in an intermediate pc?r |0F1.kplg|owever the
number gnd the position of the bearings 59 tq be installed are not limited as long as it is possible to
axially and i”otjélt'ab'lj}l support the ’fhr\e%gesél shaft = o CoT UT TR S/ERROETRIURGEr

91 of the syringe % to be installed. Therefore, a palr of two pressing

sections 4 is installed correspondingly to the number of syringes

(i)

to be installed. The screws 429 are inserted into slongated holes
11. The elongated holes 11 are provided on the top surface of the
casing 10 and formed sc as to be elongated in the longitudinal

direction of the threaded shaft 52. Thus, the pressing section 4

f

on the top surface of the casing 10 and nut 54 in the casing 10

are coupled to each other. It is sufficient that the pressing
sections 4 are provided so as to be capable of zlternately pressing
the syrings plungers %1 and %1 of the twoe syringes % and 9 coupled
to each other through the connector 2% as one sst, corrvespondingly

£~

the number of the set to be installed of twoe svringes 9 coupled

ot
o

to each other through the connesctor $2. It ig sufficient that at
ieast cne pair of the pressing sections 4 is appropriately provided.

For example, when the number of the set to be installed of two syringes
9 is one, a palr of two pressing sections 4 is provided, and when

the number of the set to be installed of two svringes % ig two, two

20



52 For example, the bearings 59 may be installed to both end portions of the threaded shaft 52. In
addition, two fixing blocks 58 are fixed to the casing 10 by using screws 589 at a predetermined space.
By being inserted into inserting holes 581 of the twoing blocks 58, the rotation-preventing shaft 56 is
fixed.Further, the rotation-preventing shaft 56 may be rigidly fixed by being Inserted also into
through-holes 596 provided to the bearings 59. As the nuts 54, ball screw nuts are suitably used.
In each of the ball screw nuts, there are provided a threaded hole 541 and an inserting hole 542. The t
ea dedaft 52 is inserted into the thraded hole 541, and the rotggon-preventing shaft 56 is Inserted into

JEL LT FoEOOYy nregad = aks o 4 my o - )
the inserﬁﬁghsolé)54‘20}§fp§ﬁ of the Nuts 5a'and 54 iSihstalldd o1 both sides of the threaded shaft 52 at

a predeter.mined %Qéate%webiIggg_:n]g_\g\{{:ich'Lngnth@erp_;ulle‘y 53. Tpgetgrggdebd shaft 52 %isvins;_efrg'g\ed into the
threaded hole 541. The ball Strew huts areé motinted via balls rolling AloRg thfeaded grooves.At the
same time, the rotation-preventi g shaft 56 is inserted into the inserting hole 542. Note that, it is

= paratyu

sufficient that ‘a’'space between the pair of tHe nuts 54 and 54 s Set t0 be Corresponding 16 the two

syringes . B L . . , ‘ .
ynng 51 may be pressed directly by the vertical pileces 41. It is preferred

that adjusting members 44 be provided to the pregsing section 4,

for adjusting a distance between each of the pressing sections 4
and each of the syringe plungers %1. Each of the adjusting members
44 includes an adjusting screw 47 and an adjusting nut 48. The
vertical pilece 41 is provided with a threaded hole 411. The adijusting
screw 47 is inserted into the threaded hole 411 and then fixed by
the adjusting nut 48. A flat tip end 477 of the adijusting screw

47 is opposed to and abutted against the head %12 of the svringe
plunger ¢1. As a result, the pressing section 4 iz allowed to press
the syringe plunger %1 at the flat tip end 477 of the adjusting
screw 47. With this configuration, it 1s posesible to gasily adiust

the distance between each of the syringe plungers 91 and the each

th

of the pressing sections 4, and hence it is possible to easily

accommodare the position of each of the

n

vringe plungers 91 which
ig changed due to the change of the amount of the chjsct te be agitared
100 in syringes 9, the length of syringes ¢ or the like.

Further, the syringe pressing apparatus 1 preferably inciudes

& plunger-pressure-measuring device for measuring a pressure with

}

which the pressing mechanism 40 presses the syringe plungers %1.



9 coupled with each other through the connector 99 to be installed, and amount of the object to be
agitated 100 in syringes, that is, a distance between. heads 912 of the pair of the syringe plungers 91.
With this configuration, rotation of the nuts 54 due to rotation of the threaded shaft 52 is prevented. In
addition, the reciprocating movement of the nuts 54 in a. longitudinal direction of the threaded shaft 52
is allowed while the pair of the nuts 54 and 54 being always positioned at a predetermined: space.
The power transmission device 5 converts the movement of the driving source into a linear
reciprocq}@ mgvegnnemtniggggggrd. Tpekggwgé%ralnesmiggiog dt%vice 5 if not limited to th@_ .
above-meéntioned configuration as fong as itis possible to transimit the movenent dt the HiHving source
to the pressing sections. g:,_Comgg@?@&g\f_thoenpg\gqer t[adr1wsmis\s!gp device 5 may be appropriately
alternated with thé othér members. For example, i place of the threaded shaft'52 and the nuts 54, a
rack and pinion mechanism or.crank mechanism may be used. . . As the driving source, as
illustrated in FIG. 4, a motor 50'is used. The motof 50'i connected to an electric power supply (not
shown) and %)é%% 1o the interior of the __pg%n 10, In ﬁaddit'&né tgevmot%r 50 is connected to a control
device (not s ”own.? is .nstal led’in t%eLcasmgpfd:, and the motor 50 i& set Bl}gbxe%t normar rotation and
counter rojafjon at each predeterminedtime whiefis.areset 1o acoardance with,a preset program. Note
that, as the contfol evice, it Is possfg?e to use a cont ofcwcwt, computer., or the |ke.CFhus, 1is
possible Lo sel ciying,and.stopping pfihe driving source.e, perigd.and:a.speed ofthe normay rotation
and the counter rotation, and the like by using '

that ils, upon the start of pumping. Thug, it was found that when
mixture of an cil component and of a peptide solution is agitated
by being caused to repeatedly move betwesen the svringss via the
connector 8o as to prepars the emulsion, 1t is possible o use a
pressing Iforce of the syringe plungsrs as an indicator of the
completion of the emulsion. In light of this situaticn, it is clear

that it becomes possible to prepare the homogenecus emulsion by

setting the pregsin
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syringe plungers as the indicator
of the completicon of the emulsion. Therefore, by providing the
plunger-pressure-measuring device, in the syrings pressing

apparatus 1, it becomes possible to use the pressing force of the
gyringe plungers as the indicator, and hence possible to prepare

the homogenecus emulsion.

In addition, by providing the plunger-pressure-measuring
device in the syringe pressing apparatus 1, in addition to its suitable
use for preparing the emulsiocon, it is possible to use the syrings
pressing apparatus @ according to the present invention as a

presging-pressure-measuring instrument for the syvrings plungers



a switch and a cock (not shownare provided to a control board 7 provided on the casing 10. A pulley
502 is fixed to a rotational shaft 501 of the motor 50 The pulley 502 and the pulley 53 are coupled to
each other via the belt 51. Note that, the driving source is not limited to the motor, and that it is also
possible to use a publicly known driving source such as an elect:render, a pneumatic cylinder, or a
hydraulic cylinder. Note that, there is a fear in that the emulsion to be prepared is de eriorated
due to heat generating from the driving source such as the motor 50, and hence it is preferred to install
a coolinqueyicejgr%gglig%hg dri)/ln% source §.ychkas the motor 50. As th{ewcoolin degicg, as
ildustrated in WICcacoolimg far 8, a heat p pe, or the fike may B& used which € instaiied in vicinty of or
in contact with the driving source. sych as the motor 50. Each of the pressing sections 4 includes, as
illustrated “clearly in FIGS. 1 and 4, 4 member having an L-shaped sectich by providing a. vertical
piece 41 to an end portion, of aéhqorézq_r}atgl RL?-CET-‘}% 50 that the vertical piece 41 is perpendicular to the
horizontal piece 47" Each of the pressing sec ions 4 is fixed to the nut 54 by using screws 429 which
passes through threaded holes 421 provided in éhglhgggpgtala%iﬁggm 2in Eug@ a manner that the
vemtical.“piece'“fl Is opposed o a head ‘917 of thé s'yrlné”e%lu ﬁer” 81t the syr"ln“\qu"SS‘L to be installed.
Therefore,,a.pair of 00 pressing sections, 4 is nstalled correspondingly fo the number of syringes 9 to
be installed. The Screws 429 are inserted into elongated holes 11. The elongated holes 11 are
provided.on the top surface of the casing, 10 and farmed so a5 to be elgngated in the longitudinal
direction of the threaded shaft 52. Thus, the pressing section.

As the above-mentioned plunger-pregsure-measuring device,
for example, a compressed load cell § may be used as appropriately
illustrated in FIGS. 1 to 4. The compressad load cell 6 may be
installed by cppoging to cone of the heads 912 of the syringe plungers
91 and being fixed to the vertical piece 41 of one of the pressing
sections 4 or to the tip end 477 of one of the adiusting screws
47 with adhesive or the like. L cable 66 of the compressed load
cell 6 1s connected to a control device (not shown). The control
device controls the pressing mechanism 40 correspondingly to a
pressure with which the pressing mechanism 40 presses the syrings
plungers %1, the pressure being measured by the compressed load
cell 6. That is, a value of the pressure with which the pressing
mechanism 40 presses the syringe plungers 91, the prsssure being
measurad by the compressed load cell & is send to the contrel device.

In the contro
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device, a signal of the value of the pressure from
compressed load cell 6 is computed in accordance with a control

program which is previcusiy incorporated. The driving scource and

evern the pressing mechanism 40 are controlled correspondingly to

b
[



on the top surface of the casing 10 and nut 54 in the casing 10 are coupled to each other. It is
sufficient that the pressing sections 4 are provided so as to be capable of alternately pressing the
syringe plungers 91 and 91 of the two syringes 9 and 9 coupled to each other through. the connector
99 as one set, correspondingly to the number of the set to be installed of two syringes 9 coupled to
each other through the connector 99. It is sufficient that at least one pair of the pressing sections 4 is
appropriately provided. For example, when the number of the set to be installed of two syringes 9 is
one, a pair of two pressing sections 4 is provided, and when the number of the set to be installed of
two syringes §1S o, two “paird of four pressing sections 4'are provided” ®= =Wt the syiifige
plungers 91 are pressed by actuating the syringe pressing apparatus 1, the heads 9142 of the syringe
plungers 91 may Bejﬁrésgé{%ﬁifeééfg bﬁﬁé%vge?tigéﬁﬁisétrég f@%fi’sar)F‘e"'fe%reﬂsthé‘f%tojﬁs*tziln%dmembers
44 be pr%vided to the pressing section 4, for adjusting a distance hetween each of the pressing
sections 4 and each of the syringe bﬁ?ﬁgecflr‘é ‘91 "Each of the adjusting members 44 ncludes an
adjustingcs:gr&y\! a7 %rg)gn an at%jusggg%plut 4§ The ¥Igrticgj Qie%es41 iglpr[,oviggdt\{yci} %glfreaged hole
411. The adjusting Scret 47 i< inserfe in""toktﬁ'e threaded hoie 411 Shd then fixe by the adjusting nut
48. Aflat tip end 477 of the adjustir%%gcrev(\ﬁ 47 is opp sed (o} and abutted against the head 912 of the
. i k" h - i th - . 4 £ 307 y
syringe |cr)riﬁ%ge(r:3 ol As resﬁlt,st‘ﬁe presaslﬁng SEction 2 |s{§llf>owes& ?g%fregs %ﬁqél sﬁnﬁleoﬁfﬁﬁsgr 91 at the
flat tip end 477 of the adjustin screw 47. Wit%this Cc nfi%uration, tis pgssible to easily adjjust the
. tr T . ¥ a T? 0. 1. AETe
distance Oetwqeeencggcﬁ%#?ﬁ% sryrlngé*:> pmfnlge%s 91 and the 6ach oJT the pFlecsrélr?é) %%Eﬁgn% 2, ahd hence
itis possjhle to easily accommedate the position of each of.the syringe plungers 91 which
of the driving source and the like.

Note that, ag the plunger-pressure-measuring device, in
additicon to the compressed load cell &, other compressed load meters
or other wvarious kinds cof the pressure sensors, which arve publicly
known, may be used. In addition, the pressure measured by the
plunger-pressure-measuring device may be displaved on a display
device 71 (refer to FIG. 3) which is provided to the control board
7 sequentially or when the pressure reaches a predetermined value.
Further, when the pressure measured by the
pvlunger-pressure-measuring device reaches a predetermined value,

a lamp (not shown! way be illuminated. In other words, these display

device 71 and lamp are pressure-inforwing mechanisms for informing

t

that the pressu

H

e pressing the ayringe plungers 91, which is measured

by the plunger-pressure-measuring device, reaches a predetermined
In addition, the syringe pregsing apparatus I may be providsd with

a timer. The timer allows the following. Specifically, the

B
i



is changed due to the change of the amount of the object to be agitated 100 in syringes 9, the length
of syringes 9 Or the like. Further, the syringe pressing apparatus 1 preferably includes a
diunger-pressure-measuring device for measuring a pressure with which the pressing mechanism 40
presses the syringe plungers 91. In order to solve the problems when the number of pumping is used
as an indicator of the completion of the emulsion as in a case of the prior art, consideration was made
on the other indicator and a force press .g the syringe plungers was featured. it became clear that a
force pre*_shs’igg‘the S QQ%@ (pjuq%ers Increases garlrgidglﬁlyjst l:__)ef(%re %omté_lsgg e_:r‘_gulsific‘ationj, and exceeds
a force préssing thé syringe plungers al aminitial period of the preparation, that iS. upon the start of
pumping, Thus, it was found that when mixture of an oil component and of a pepfide solution is _

Lt ELeCT Yt -

,,,,, [ e

. e L Imer Man, e Sl SUTOMRT I O3 4 1L CUrnn .ol 2.8 i * I3
agitated by being caused to repeatéedly move between the sSyringés via the connéctor so as to prepare
the emulsion, itis possible to use a pressing force of the syringe plungers as an indicator of the

Ll S

completion of the emulsion. In light of this SitUation, it is clear that it becomes possible 16 prepare the

homogen ous,\enr_gulﬂ%r%yby 1sat_ettln,g_F’[h%pregglﬁngj fto"rce of th% ?élgggdplygggr%gg the indicator of the

completion of the'e |S|orif'l'ﬁer}éfosr“ef by Sroﬁdina thggplﬁﬁaer ressure-meastfing device, in the syringe

pressing apnaralls, 1, Lbecomes possile (o use the pressing fojos of the syringe plungers s the
indicator: and hence possible to prepare the homogeneous emulsion. T addition.

FXOVM”“¥¥”Q98? §%§%J§H$§¥§¥££§%d in the control device, or may be configured

H

by a timer device which isg publicly known and is separated from
the above-menticned contrrol device.

In addition, there may be provided a stopping-informing
mechanism (not shown) for informing the stopping of the pressing
mechanism 40, The stopping-informing mechanism may include =
centrol device and speaker, for example. Upon sensing the stopping
of the motor 50, the control device may inform the stopping by alarming
via the speaker in sccordance with a previously incorporated program.

In acdition, an upper portion of the casing 10, there are
preferably provided a 1id 13 for covering the connecter 9¢ and the
syringes % which are installed, the 1id 13 being axially supported
on the casing 10 by hings 130 s0 as to be allowed to be opened and
closed, and covering the upper portion of the casing 10.

In the following, operations and & method of using the syringe

rregsing apparatus 1 and a method of producing the emulsion and

]

a method of svaluating the completion of the emulsion by using the

ot

syringe pressing apparatus are simultanecusly described (refer

to FIG. 1, FIG. 3, and FIG. 43. At first, the connector %%, the



device in the syringe pressing apparatus | in additionable use for preparing the emulsion, it is possible
to use the syringe pressingaccording to the present invention as a srecs g-pressure-measuring
instrument for the syringe plungers so as to measure a pressure with which the syringe plungers
press an object injected into ieag'e an object to which is a raw materof the emci also possible to use
the syringe pressing apparatus 1 according to the present invention as a tool for research and
development of the preparation of a various kinds of the formulations. As the above-mentioned
pluncer-gr§§su5%m§a€§uring devic% g)rwe&a?mpg, ao%omgre%%ed load cell 6bma3/ be used as
appropriétefy iiistrated in FIGS. 1 to 4.“’Tf'héfc't)rﬁpress”eciE load" celf 8 may be instafiéd by opposing to
one of the heads 912 of the syringe. plungers 91 and being fixed to.the vertical piece 41 of one of the
pressing %é%ﬁ()ﬁé 4“'5r%5: the Tiﬁaggﬁg 4"%?0% 6$tﬁ§ adjusting Screws 47 with adhesive or the like. A
cable 66 of the compressed load cell 6_is connected to a control device (not shown). The control

. SOLUL Lo are prepared. | Thne Yaw material 18 gucysed wnto thne /oy mores |
device controls the pressing echanism 40 correspondingly to a pressure with which' the pressing
mechanism 40 presses the syringe plunders 91, the presgure hieing measured by the compressed load
ce6 That'is, a value of the pressure with wst the pressing

of the two syringss &, or different raw materials may be sucked

into each of the syringss 9. Then, the two syringss 9 are coupled

ot

to each cother via connector 99%.

Next, the two syringes % coupled to each cother via connector
99 are fixed to the casing 10 of the syrings pressing apparatus 1 by the
syringe [ixing mechanism 20. Specificalily, each of the
syringe bodies 9C is ingerted into the installing recessed porticn
23 of the syringe fixing table 2 from above, and sach of the tip
end portions 92 of the syringe bodies 90 is inserted inte esach of
the instaliing recessed portions 32 of the syringe supporting table

3. At the game time, the connector 9% is inserted bstween the vertical

pleces 31 and 31 of the syringe supporting table 3. Then, the holding

plates 24 of the syringe fixing tables 2 are rotated and fixed by
the fastening screws 27 Thus, the syringe bodies 90 are fixed to
the gyringe fixing tables 2. In this manner, the movement of the

syringe podies 90 are restricted. Actually, the movement of each
of the syringe bodies %0 to the tip end direction is further restricted

also by & step portion being engaged with the vertical piece 31

a base of the tCip end porticn %2 of the syringe body 90.



mechanism 40 presses the syringe plungers 91, the pressure being measured by he compressed load
cell 6 is send to the control device. In the control device, a signal of the value of the pressure from
compressed load cell 6 is computed in accordance with a control prociram which is previously
incorporated. The --,Jang source and even the pressing mechanism 40 are controlled correspondingly
to the pressure with which the pressing mechanism 40 presses the syringe plunger, 91. Thus, the
syringe pressing apparatus 1 is controlled. Note that, as the control device, it is possible to ube a
control circuit, computer, or the like. In this case, such control device may be set by the switch and the
cock (not shown) which is provided tg the control board 7 provrded .on the, cgslpg}O Such control
device may be cooperated with 4 control dévice for controﬂlng drrvrng of the™ “driving’ $ourceand the
like. Note that,.as:the plunager- pressure- measyrlug device mvaddltlon to the compressed load cell
6, other compressed load meters or other various kinds of the pressure sensors, which are “publicly
known, may: be usegd:In.addition,.the pressuremea,sured, by the plquerapressur,eameasurmg device
may be displayed on a dlsplay device 71 (refer to FIG. 3) which i provided to ' the control board 7
sequentially-er-when e pressute reaches:a predetepmined value. Further, when the. pressure
measured by the plunger-pressure-measuring device reaches a predetermined value, a lamp (not
shown) may be:itluminated: da0ther waerds; these. display: device 7d-and lamp are;pressure-informing
mechanisms for informing that the pressure pressing the syringe plungers 91, which is measured by
the plunder{pressure=measuring device; redches apredetermined value: == -~iv.addition; the syringe
pressing apparatus 1 may be provided with a timer. The timer allows the foIIowrng Specifically, the
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may manage the driving time period of the pressing mechanist The-ti -be-setio.
turn off a switch of an electric sue motor 50 so as to stop the dreff tmotor 50 The tlmer may set
the agitating time period to a preset predetermined time period. Note that, the timer may be configured
by a program incorporated in the control device, or may be configured by a. timer device which is
publicly known and is separated from the above-mentioned control device. In addition, there may
be provided a stopping-informing mechanism (not shown) for informing the stopping of the pressing
mechanism 40 The stopping-informing mechanism may include a. control device and speaker, for
example. Upon sensmg the stopping of the motor SO, the control device may |nform the stopping by
alarming via the ‘$pedket it aécordance with aprévicushyaricorsorated programy=s ~ imaddition, an
upper portlon of the cqsm ) 10, there are preferably provided a lid 13 for covering the connector 99 and
the syringes g which'a re installed; the fid 13 beitigfaxiatly stipporteti-on the casirig 10'byehinge 130 so
as to be allowed to be opened and loses and coverlng the  upper portion of the casing 1.0. In the
following, operations and a method of using the syringe préssing appardtis 1-8nd afRéthod of
producing the emulsion.and-a. method of eyaluating the completlon of t the emuIS|on by usmg the
syringe pressing apparatus ) are S|mu1taneously described ~0F FrEsS section 4, an

henca

o cve-manticoned movament of the nuts 54, & nair
of the pressing ssctions 4 also moves crnearly and reciprocatingly
anThne longaitudinal direction of the thrsaded 52, while being
aiways retained at an identical soace Dug to the movament of —he
pressing sections 4, the flizt tip and 477 of the actuas ng sore
47 or the compressed load cell & abuts agairst and prasses The ez
8.2 of one syringe plunger 91 As a2 result, the syringe plunger
1 i3 inserted into the syringe hod v 90, and the ob Tatad
100 in the syringe body 90 ilg moved into the svrings body 90 of
anotner syringe % via the connecstcr 99

The syringe plunger 81 of the syringe §, into wnich the obhiect
to be agitated 100 flows, is presssd back from the syrings Dody
20 due to the pressure of the cbiect Tobe agirtates 104 The pressing
section 4, whicn is opposed to the syringe plungey © pressad Dacs,
moves 1n an opposite dirsction 1o the divection in which rhe SYIinge




to FIG. 1, FIG. 3, and FIG. 4). At first, the connector 99, the two syringes, and a raw material of the
emulsion to be prepared (object to be agitated 100), such as an oil adjuvant and a peptide solution are
Prepared, The raw material is sucked into the syringes 9. In this case, all the raw material may be
sucked into one syringe of the two syringes 9, or different raw materials may be sucked into each of
the syringes 9. Then, the two syringes 9 are coupled to each other via connector 99. Next, the two
syringes 9 coupled to each other via. connector 99 are fixed to the casing 10 of the syringe pressing
apparatus 1 by the syringe fixing mechanism 20. Specifically, each of the syringe bodies 90 is inserted
into the insfalling recessed portion 23 Of | the Syrlnge fixing table 2 from above, and each of the tip end
portions 92 of the Syringe bodies 90 7§ nserted into &ach of the’ mstathing récessed pdrﬁ0ﬂ§ 33 of the
syringe supporting table 3, At the same time the connector 99 is inserted. between the vertical pieces
31 and 31 of the syringe supporting table 3. Thenholding plates 24 of the syringe fixing tabies 2 are
rotated and fixed. by thefaetemng screws 2.7. Th,...LLS the sy[mge hodies 90 are fixed to the syringe fixing
tables 2. in this anner, the movement of the syringe bodies 90 are restricted. Actuaﬂy, ‘the mbvement
of each of the.syringehodies 90.tg the tip; gnddmectlon Js further restricted atso Ry.a step portion being
engaged with the vertical piece 31 of the syringe suPPOg table 3, the step portlon situating on
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a base of the tip end portion 92 of the syringe body 90.

10 as oescrThea abode, E.: heads 912 of the sy

In the Stc tt ng 9 inst. a neg to the-casing—
ringe plungers 91 are ODD S ednhe verticaS ce IC

41 of the pressing e 0 t ons 4 of the cress-jug Irlechani sm 40, respective-1The adjusting screws 47
and the adjusting nuts 49 arm?. then adjusted, resrectiyeThen, the fret tic and 477 of each of the
adjusting screws 47 is brought intm a cdose contact with or abuted. against the head 912 or the

syringe ;plunger 94 or thg compressed load cell

6 is brought into a close contact vnith or abutted

against the head 912 of. each of the syringe plungers 91 if the compressed load cell 6 instal .1 ed to

the tirend 477 or": one of the edgusteng screws 47.

suriagyi.e tifned on- As neéd.&d, thé agit ati

Next, the switch 76 of the electric power

tinfe péimacp; thy Agitatii speed, the valieof the
pmgsdure for pressing the syringe. :plungers 91,

‘at. which the motor should he sturppd, and the

1.11cc are set by the switch and the ¢ook (noh shownj Wadi‘oh are orgvided-on thé’ control'bpand
Thgn, the switmh 77 for starting the frivino of the motor 50 is depressed so as fo actuate the motor 50,

ke T

The rotation: of 6ho motor 50, -y

dnich repeats the normal notation and the. courter fotatiomn

which contrels the pressing mechanism, when tThe pressurs press ng
The syringe plungers 91 reaches 2 pressures which is predesermined
Lim&s &8 large as a pressure {inliial prassure) upon the iniztial
period ¢f actuation, that is, upon the start of pumping, or e
gvringe

speclliic exaemple of thnis method, the
tollowing methods may be emploved. Spacifics 1y, in & method, the
pressing mecnanism 40 may be stopped by turning off the elsctric
power supply when the pressurs pressing the syringe plungers 92
reaches & ined prezsurs in another method, ths
pressing mechanism 40 may be stopped by turning off <he slectric
power supply, a2fteyr the re presging the syrings plungers 52
:aa;heseap:a;e:prgqetcrm;nﬁjpfegsureaﬁdthen;;p:pae:?t*%%pw*iod
ig In still another method, the pressing mechanism 40 may
e stopped by Turning off the electric power supply when the pressurs
prazzine the svrings wluangers 53 raazches 3 is
predetiermined Times as large 23 2 pressure (initiszl prassurel upo
the initisl of pumping
noge ot T T o
LTy RTLL AL 3nNg e =
P e D L R T e - -
oy turrning oif the slect DOWEX SUDRpLY, aller 118 Dressure pressing
the syrings plungers %1 reaches z pressurs which s predetermined



under control of the control device, is transmitted to the threaded. 502, the belt 5.1, and the rmdley-53.-
As a result, the threaded shaft 52 repept tPle ntyhmad rotat.l.onand the fefunter rotation. flue to o he
movement of the threaded shaft 52" a pair of the nuts 54 and 54 moves linear-I and rec yeatingly in
the longitudinal direction of the threaded shaft. 52, while being always retained at an identical space.
Each of the nuts 54 is fixed to the pressing. section. A , and hence, due to the abpve-mentibnpd
movement of the nuts 54, a Dair of the pressing: sectional Ealso moves linearly and recipfocatiingly in
the 'longitudinal direction of tire threaded shaft 52, while being always retained at ap identical space.
Due to the movement of the pressing sectios 4, the flat tip end. 477 of the adjustip. screw 47 or tho
compressedf6ad ¢ell. 6 ablits acsatistand’ presses thisthead 91717 ¢ lof g sviimserpltriger 91. As
a. result, the syrlnge plunger 915.s mserted into: the syrlnge body 90, and the object to ice agitated
1062 in the Syginge body 90 is moved-into the syrifigé body %ofanﬁt‘herws‘ifrmge g Via. thé connector
99. The syringe Iunger 91 of the syrlnge 9, into which the objectto  be agitated. 100 flows, is
pressed hack from ihe & syringe body“90 dus 1o the | pressure of the orb) ect to be. ac:. rated 100. The
pressing. section 4, ANhch;L,Js opposed, to the syrrngeplunger 91 pressed back, moves in an opposite
alreetion to the eirection in wnhon time's syringe § MOVES. ﬁurther the pressing secJtlon 2 s ot fixed to
the syringe;,- plunger 91, and:hence the pre%srng section. 4.does never ,rrlterfere wrth .r'The. movement

of the syringe .....ringer "91, and does not have any action of pulling the’ syrmge ‘olunoer 91. Therefore
it is possible:to: prevent. the sits,from-being entrained.into, the cylinders; and . ...,

40 and contrels & pressing pressure of the syringe plungers 97
Thug, It pecomes possible To prepare the NOMOSENecus emulsion by
i £ SYrIngs plungsers &5 Lhe Indicator

ot the completion of fhe amu o1
Turther, The pregssure pressing the Sy inge ¢ ngers L1, wnict
s measured by comprzssed load ce 5, L5 d iayed on the displa
device 71 seguentially or when the pressure reaches a predetermined
VELue Linadortion, when the pregssure measured Dy compressed load
CeELL L orsaches a pregetermined values, e LT 1S r
this manney, these cisplay device U1 and The lamp inform that the



hence possible to prepare tlee emulsion containing no air bubble: W-171-EM-the-eRe«s

91 i S completely inserted into the svrinbe body 90, amd dlschamges the object t.o be C. mmnlated
InDO, the rotation of the morer 50 is reversed by rne control oar the control device, and the direction of
the movement of the pmessing section 4 is changed. As a result, tine =nevinor, nJunoer 91 pressed
back. is _ pmessed by the bressing section 4. The same action and abr.:Is:Pi= as described above are
performed and further repear.ed. Thus, by alternate pressing the: syringe plunger 91, the object
to3-..)e agit ated 100 in the two syringes. 9 coupled to eaci-', other through the connector 99 having a
small inner diameter is abHdated Whl|e bejnb caused to move from the one syringe 9 via the ennead=
99 into fh.e smother Syfingé 9 Thus! thé Ehmidhsion :iSpmebaarecf“ “EFor fi ’Fnr’shmg th’éab ation, the

be dep s ed: -owe Var, aut om at’ic stopplng i's. pred: erahly lised ‘AL tﬁe 10773 For Gutormatic st

(c)pp'. ng, the. foi IQWlng me hp,cl ma,_cc mu..0veo . Spec i flcallv in the method, the motor 50 |s
automatically stopped by usmg ‘the tlmer bv Whld1 the agltatlng time perlod is presetr

pmedeMermlned ti. me perlod Hs passed Tbusy thec at cm 50 may he strfop ed. In addltlan the
foil:pm:TinganeMhpbrpaysbe & seu-played

preparation oi the

LN BN the amount

iike: a pressure value for pressing the syringe plungers 90 upon
the sTart ol pUNPLINg; a pressure value For pressing the s ring=
e et ST i i oemrmr e I ™t o = o

S L <ooGApiorl o LTiE COMD et Lo [ R TR DLELON, 3 O TAEUVLD DeTwosT
Such pressure ant Tne pressure value upon the start of pumping;
4 TIme perlod Ior completing the emulsicon; and the 1lke
Therefore, in the oreparation of the emulsion under soms

condltions such as the kingd and the ameount of ra materisl, the
agltating spesd, anc the like, under which the praparastion nas nos
Deen periormed before, it fg difficult to set the above-mentioned
Lreszure vasue, Time, muliiple, and the like, v Gre ST in order
YO automatically stoy ¢ pressing mechanlism 20 nen The
preparationisperiormed forthe first time under aoertain condit i or ,
stissuiflcientcoperformone £ owing, fTorewampls Specifically,
The pressure value 1or pressing the syringe plungers 91 which ‘s
iisplayed on the display device 71 seguentizlily is ith
YES 50 a8 increases rapidlv. When




by using the plungpf-pressubesmeasuring device such a.s the plunger-pressuresmeasuring-deviee-is—-
used., a method may be employed,. which controls the bessing mechanism, when the pressure
pressing the syringe bdumgers 91 reaches a prAssure which is prbdeterbdned times as large as a
pressure (initial pressured upon the inidial period. ef amtuatsion, that 1. 5, up on the start of pumpinp,
or when the pressure pressing the syringe T.:Jungers reaches a predetermined pressing pressure. As
a specific exampr- of anis method, the owing methods may he emrsdosgad, SuecirTically, in a
method, the pressing mechanism 40 :Uay be stooped by turning off tine eieCtil0. ,,,Yower supdolv
when the presserspresslng_ the syrrnge pIUngerS 91 reaches a preset p,.1- e de t. cir-rnj. n ed.
pressure. In another method, thepressrnp ‘mechanism 40“IVIayJoe”stopped by tUrhiTG 6 powet supply,
after the pressure. | pressrng tpe svremege bregbgers 91 reaches a preset predetermrned pressure and
then a. preset time perrod is passed. In‘still’ another method: in. P presstoo mecharfism 49 m. be
stopped by.tgrning or f the QlthHC [Power supply when the, _pressure:. Tgrederbermlned times as
farce as a ,,umfure (|n|t'|'al Ott" e the initial perrod of actuatron thatis., upon thé Start of ¢ glmprng im.
sT, J, T i. anc.t:her method', the pr:esstmg mechanism.40 may ne, LT Qed by turnrng of fthe electric p
0 wer supply, after t he. pressure pressing the syringe plungers 91 reaches a pressure which. Is
precieterbgnec times-as large as apressure risnitiak pressiire’, upon the initial. perrod of.actyation,
that. is, upon thp start of purmpid apd then. a. preset tHille period is ¢aSSSiis The compressed
load cell 6 fixed sto:the-one pressing SESitiLon -abuts adalpst.the syringe.olunget, 91 in.acgordance
with the reciorocati.ncmovement of the pressing section 4. The compbressed Icaid cell 6 then
measures thecpressure. pressing the 3i/diode, plungers 91:and-transfers a. measurement result the
connrbd device via the cadle 66. 'line. contrei cevice, correspondinady to tine. measured pdessure,
turns off: theveectapl’,/ s Ldewet supply; for exampd:e,:whenrthe-measured-pressurereaehes a preset
precis:tern:sped pressure, or when the measured pressure reaches a pressure is rpredetermined
times as large a3 prestdeupeinstThesinitial petiodref actuation: Ims manaer, the control device
controls the pressing mechanism 40 and controls a pressing pressure of the surdnde plungers 91.
Thup, it becdris' possibfeto prépard the iemodetidas effulsions by settifg the prassifg fofces of the
syringe pig ers as the Hndiciator of the completion of the emal.sion. Further, the oressure pressing the

Ey03..110€ pitihg&fs 8T "WhiCh i$ nidasiired By coniprdséed iodd cell 6587 dispayed<or: the. dispa.ay

mechanism 40, and hence 17 15 possible To zulomate “he Dreparation
of The emulsio

Note that, the ohlizc o e agitated 100 ir gyringes &

in = - — Ll AN AL R A e e -

13 not Limited (o the raw material of fthe emulsior The chisct o

Deagizatec LU0 lnthe syringes Smavbevaricus kinds of formulations,

-heir rawmaterials or the Jlke, and the mezsurement of The pressing

Pressure of  The syringe plungers may be performed in The

bove-men ned manner These Drocesses may oo 20 Ln anDRraty

and a method for a resear and development of varicus kinds of



device 71 secu-anoia8jv or when one pressure reaches a.oredepe.rmined repsure-m-easiauM.by..
compressed Thad ce.11 6 remmhnes a. predetermined value, the lamp is illugni :genre dh. In this
manner, these dispay device 71. arid the lemig inform chat. the pressure pressing the syrinpe
plungers 91 reaches a .credetermined resulni even when ;Eno p. .555 i..flO mechanism 4C) is riot
aumornaticaleN it is possible to evaluate and know whether or not the emulsion is completed.

Note that, as is clear also in the folinikind examples, in the preparation of the emulsion, the following is
varied due to the kind. and the amount of raw material, the agitatino sppedg and the likpn a cressurp
value for pressing the svringe pThandars 91 uonn the start of oummrmng; a pressure value for
pressing the springe oThringters 91 Upori the completion of the Bniuesiong 4 ratio between tich
pressure and.the.pressure value upon thp start of pumping; a, rime oerroo for compdpii ha emulsion;
anal the |Ike poo WAL LD L AR Lt s DT LT D el O 08 agluaETad UL,
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Therefore, in the preparation of the emulsion under acme conditions such as the-kind-ane-the-amouts-
of raw material, the agitaticlg sppedg and the like, under which the prpcpciation has not been
Juertorrilao befprpe it is Cal flicul t to set the aPpmesmentioned pressure value, time, multiple, and the
like, which, are sat in order s.top the pressing mecricanipm 40. Thus, when tne
preparation is os- f ormed fort he ft rat t ime under a 09 rtCan d IL en it iS sutfroient to 'calif arm

thecaw nq , for example the pressure value for pressing the syring,e cinngers 91 which is displayed on
the desneay device 71 sequentially is observed with eyes so as to know that the pressures value
increases racidl y.When a. p.i.edeterneined time perlod after this time pomt is passed, the pressing

b

me cmani si& 40°S tfien catsed to :Pe 23°039 - this mariner, the preSparatIOn "ot the“émitilgion fay be
performed. In. addit on, in thic first preparatrpn itis possrble Rish know and daritre the above-mentioned.
pressure value, time, mult le, and the llke which are séf in. oraet to audompefgally stop the prdssing
mechanim 40, Ltnderqsu\chpan,g,tmton Thus ,Jrhthe Paacseeluer drepdratlons ad, the emuIS|on after
the firsn pmeparatron under the same condition, |t is chletAp tu) preset ‘one pressure maemae
manpep, |t is: r5 plabld to artpmete caI I m stop ) the pressrng mechanlsm 40 érid hence |t i p055|ble tp
automate the-preparatiop.of ape emu:SOn.-r «Noete;that; the object:to be; agitated 100.in the
syrlnges 9 Ila nut I|m|ted to nhe raw materlal of the emg|S|ony The obJect to be apt; rated 100 in the

of e crpssmg prssure of tnp sgrlpge n aners May be performed in. trnd abome mgpntloned mannpr
These processes:may. bp used i abiparcates.amd armethod-fof a researph and:develoeppnih of
various ki -add of formulations. After the electric power supolyturned off and. the reiribtocating
movements of #i& prESSing sections 4earesstoptedd;thertwer simignge 9=coupled to gachrothpf
thmough the egnnectet 99
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are bet oh ed from the syringe fi min gme chant. sm 20 . Then the emulsion is ejected, which, is prepw
rod from the object. to be agitated 100, As described in roe tothe syringe pressing apparatus ma.y be
used. for the production of the emulsion. In addition, when syringe pressing apparatus incd ones
the plunge-pressure-measurinp. device, the syringe pressing appaphates 1 may be also used as a
pmew*sg-pressurp, measuring instAruntent for the syringe plungers or for the evaluation of hp
compPetion of the emulsion. Though the above-mentioned syringe pressing abooaratus 1 is described
as one having the Gonna Lire on where the two serinpes and 3 coupled to each other by the

linear- shaupctconnecter 99. Iv Jinstalled.in one, set, the syrlnge pressing apparatus | I accordlng to the

present. invention is not limited to thas forme As llistrated it FIG 7 Fafiothet ‘confioPation may be
errsaPlcyed.. . . oo v o,

GLOYLOE WO IVIINGges S 1O De tnsTa L iaed he o
S oo vy oy o - <
oY e 2 o = e o e ms g g o v g - t -
sosA L LRG0 D s Al Tanged 1n Dalalie O &
ey A e rEaen o F S - L e - .
crnthetopsuriace of the casing L0 Thopowsr Transmisad "hanism

&l
£ o
P
PR
Lal e
amiootl mart o =3 v 0y s e T ey R o by e
SMOCaLmants, (R0 Ciie CONTLgUIrations descyinsad [SROTRRYEC AT e
o r‘z‘m —'M,—4 Ny o s =T ' Yy
SHDS] LT Y DS ADNTONrIiate sy ComD 20 Wil SN CUNE
I ] T
rammosle |
Tr e Tk < w4 P, [ . - ol |
In the above 1nioned SYILLIDYe pressing avparatuzs 1 for the
sy oot e A F R e i HRTTe -
SEOCLUCULIDN O The SMUiSion T WHLCH TS TWE Syringes Y oourled =
e e . Pl oy F— & o < TN
@& JLIEX ThTougr e COnnsEcto DoOWSre Iixsed o e Zazsing &

NOTma fagiat ooy ey {5
It [ RN W Vo H
TERT om

£
I3
5H
[
B

oy



in thi.s conf gurrflr., the SWD Syringes 3 agog 3 coupled to each other thropgt the connector 39 are
linearly instal led in two sets while being. arrard parallel to each other. Pach of the srAiernes 9 is risen
by the syritsge fixing mecharh= 2.0 simi:mar to that. e.f. f.1e a bps e -trasetamhfn ed embode 7sS
SPre.=.uping menben.; 473 are. installed to the tip ends oh the a a sting screws 17 ofs pressing. sect
lords 4, tO a pressing paasut e r s 47:3. bp ng ca fAablp of lore aouthd to heads 9fl cf the two syrimge
slupger 91 arranoed in parallel to each other. Farm ler, sr | ancs'rep confa duration ma. be effdol
Specifically, in this configuration, if is possible 4,1. 0 a 18 0 employ a copfigurat:ion in whi.ch the two
syringes 9.and 9. QQupleci be eson. other through the connector 99 are Ilnearly nnstalied in. three sets

or more in paraIIeI to each’ other In addltlon When the two syrlnges and gceupléd 10 each other

each of the sets in paral el to each other In thls case it is, sufficient spTlldlprlater increase the
ramtber of the pbessing meeharnism-4Q and the syringe iixino mechanism 20.to be provided_ In these
-numb, .,,hfat-Mmnsn other conflguratlons not described. may 'name a conflg'uratlon similar to that of

the above-mentioned. embedimeMter: ioned sequence of the paptide is descrined
by one-letler aming acid codes
The connector 2% was used, which has an inner diamerer of 1.0
mm of & flow path having & small diameter, and nas a length of L0
Graphe of TIG. 2 show resulis ¢f changes of pressing forces
cf the syringe plungers According tothe results, under a condition
that reciprocating movement was 88 reciprocation/min, the pre sing
pressure increased rapidly after aboutr 17 minutes from the start
of agitating Ihe pressing pressure increased about 2.0 mes LT
sverage Ln Ccomparison with the pressing pressure upon the start
O agltating, that Lz, the start of reciprocating movement of the
syringe plungers 82 In addivion, 1T was ¢lear thar is increase
toox less than I minute 0f time periocd and was achieved rapildly
Witnin 2 few seconds Further, agillating was continuad for Dminuts,
and thnen agitating Wwas stopped at the Time whern the pressing pressure
Creaseq apout Z.1 times in average
lanwhi g, under 2 condition That reciprotating me Was
lersgiprocation/min, tnepressingpressurs increzses rapl Ter
ahout 14 minutes Tromthne zhart oFf asitating . The mreo oo o
. B . ol WX SRl e LA LKL i L R 3"»44'\:; P =
CLWES 10 aVEerags In COmparison Witlh ihe pressing




Turther,a syringe pressing apparatgs I, as .H.lustnated ih FIG. E., a cursr a t. n. may also he
employed. Spmcibbicall11, thiS configuration, a connector 990 having a. 0-shape is used, and the two
syrinoes 9 are arranged in parallel to each other so as to be onp set. When such configuration is
employed, the syringe fixing mechanism 20 La constituted by one s fixing table 200. The syr.Moge
fixing table 200 is a member hayihg an. T-shaped sectien  oro trltino a vertical. plebe 210 to .an end
portion of a null Tented piece 223 so that the vertical piece 210 is perpendicular to the nor"tor-a:el
niece 220 The vertncan piece 2101is prsynbied With two installing recessed portions 23 havino a

nged |n ba onthetobsufaceofthecabinglo

‘the mptgas serdng as ‘the dnvrng SOurce, viihitfh arésimilar to

vvvvvvvvvvv

pressing sections 4 ~“Note, that the syringe pressrng agoaratus according to the present invention
is not limiteg:to; thgbe,described abave.in the enbfaiimentp, and the egniPgardtions. desgribed above
in the embodiments may be aloprobriately combinéd with each other:.

agitating was continued for I minvte ina state inwhich the nress ng
pressure remained increased about 1.8 times Iin averags, and then
agritating was stopped

- ; , ‘ .

ReEgaraing  Lhe agitated sampls, the o of  the
emulizafication was 1Dy the drop tesst method n the drop
Test, The NnETUTe Tnan, I oesmuasiiication Ls comwpleted to form
Eppropriate smulsion particles, sven when the liguid is cropped
into water, the Iiguld is noet immedizatselyv diffused and retaine its
spnerical shaps 185 set Lo be an indlicator, and the icavion

as evaluated py the Iclliowing processes (refer <o FIa, 10

1. dropping one drop of the obizinsd emulsion solution onto water
suriace; and
<. evaluating that the emulsion is compleied, when the emulsion
BCLiUTIONn 18 diffused in the water; or
J.ooevaliuating that the smulisification is not complated, whnan “he
SIMULELON BOIUTION 18 lmmediately diffussd in the

A3 snown it the phot of FIG. 10, when the smulsior
solution of Just after the pressing pressurs rapidly or
Eara. 3 - el o o JER— : B -
aiver 30 sagonds after 1 nE Inorezse wog droppsd InTo water,
a partial diffusiocn was observed and 1t was evalustsd that rhe



Example 1 In the above apptipned sytippe pressing. abparatus | for. thb production of the
emulsion in which the two syringes 9 coupled. to each other thmodoh the connector. 99 were fixed the
casing 15 abifb.ustrated.iriFIG. 1, a sample was aoltatedunder-sucha condition that the sbeedoftThe
reciprocating: movement of fhb syringbplunderb 91 was set .l Cl) 88 recilp:pmationfan or 114
recdprocation/min. As a samnjb for the emulsificationy normai aemiaa c..01,-.DI,n 0,2 Tj. dMS.41
(c=faHhing. 2 mg of seetide(ceffl...1.5219kTE)) 0,T mi were inject.ed into one syringe of sane syringes
9 oci.upg.ed so :spear! he c cm nect cat 9.9. Hefeiindicames an incomplete Freund's. adjuvant. In.
addition, the above-mentioned sequence of the peptide is described by one-letter amino acid codes,
The connector 99 was used ‘which basén inner diameter”of 1.0'mak of. 4. flow’ path “ha hg a smald
diameter, and has alens . ; . .. Graphs.of FlG; 9 show.results of changes of pressing forces of the
syringe plungers ‘Accordi g to the results under a condition that re alprocatlng “movement was. 88
reciprocatignr#min, theﬁpressmg pressute.increased. rakdddy afger about 17 minutes from.the startt of
agitaii.no. The p.ressing pressure increased about 2.0 times in average in comparléd‘n with the
pressing pressare upen.the start pf-agitating; thatiis; the start 3-Lreciprtocating.movement of the
syringe plungers 91. In addition, it was clear teat this increase took less than 1 minute of time period
and was aehieved rapidbswithin-a ewSECON S Further, agitating was continued. for 1 minute, and

then agitating. was stopped at the sime when the pressing pressure increased about 2.1 times in

average. in the same manner, regarding the agitared sample, thne
completion of the emulsificaTtion was evaluated by the svenness of
the particie sizes Fic. 131 shows microphotographs of emulsions
aT exch time of ggitating Tt was confirmes that the particiae sizeas
were not even before the start of agitating, just after the pressing
pressure norsased rapldly, and after 20 ssconds a rapnd
increass Twas contlivmed thet the particle sizes ware even after
Lhe Dressing pressure incrsased rapidly, alter | minute, 3 minute,
and o minute after 1ts rapld increase Thus tne later conlirmation
could bhe evaluated as the completion of the emulsion

Rz describped In the foregoing, under a2 condition that

FRCLTIoCcatIng movement was HE reciprocarion/mir i Iminute
or iess, approximately 20 to 40 seconds, for the pressing pressure
o increase rapidly and thsn stop its rapid increase Thug, 1t was
coniirmedthat tne Tol Lowing: setting
a Larget va.ue To an arcitrary value beTwesean 1,400 o and 2,000 g
a5 TOe Dressing prassiure, or Lo an arbitrary val 1.4 times
el e oo e T T T i O A S b L
= [ A S v AT Lol ge GO L LoD liY DIeZula UDa [EERS = AN
s S - 3 . - \
&GQiTaving Ior L omonule Cr more efter reaching the targer valius,



Meanwhiunder: a condition that reciprocating movement was ,,ressing pressure pressure >map tpe
Start or agitating, that is, the start of cidurocattng m.vdment o Il.the syr..inge phlung.rs 91, | Ti
adatni.tion, it was clear that this increase tosk less than, | Mi. nut a0 f time period and was achieved.
rapidly within a few seconds. Furthdr, agitating was continued for 1 minute in a state in which the
dressing. pressure remetnned increased about. 1.9 times in aedmage, and then agitating was
stoPpdg. Regard’, no the agitated sample, the corG.eloi on of the emulsification was evaimpreP
by the drop test met.hod, in the ddop test, the nature that, t emuls.i4t cat-i on is coirdeted to form
approrite emulsion particles., emdn when >-....:Jesufd 2s dropped into water, the cii S nor .ntmadf
a23la.37 diffused and retams its sphericad shape is'set to be aj> indicator, 'and tHe‘emiigjohication.
was evaluated. Sop the following processes (refer to FIG. 10) : 1. dkunbaing one drop of the obtained

.....

) I e ER R e R S S S TS S e TR N P S I N R O R R N X
emulsion solution onto wateer surfaced and 2. evaluatino that the emulsCon?1s'c OMPietea; wit an

the emuLsicd.solution, is:notimmediately. din-fused. in the water; 0. epaluatind thdd :he.emulsification

is not completed, when the emu Is Mon s o | EP.1 oni s.iTEME!:73,f.at a 117 CPL. T-.Laded in. t
hd. w a trolt= -=As showniintheshotchraphe of FIG. 10Awhen the emnd.sdon, solyfion of after thA

pmessing pressurd incrdased radial y or after 30 secchas after its rspdd increase was dropp. 73 into

water, a partiakgdiffusion: was:observed ard itwas evaluatedthat.thd, - co0 5 ana 200
9, ©F may be an arbitrary value between 1.6 times angd 1.8 “imsas
25 laryge 28 Lhe pressing pressure upon the start

in the same manner, under & conditicn that reciprocarting
movement was 116 reciprocetlon/min, 1T was con that the
muIision may ba completed by the following: setting a target value
o S R s e Y R P o - oAy . o
LOoan @roprilrary valus Detwee POWVGoand £, JU0 g as the pressing
pressure, or I0 an arpitrary value Detwsen 1.2 times and 1.9 fimes
25 .arge as the pressing pressure upen the start, agitating for
- minute or more after reaching “he target value, and Then STODEing
thie recliprocating CL The 8yrince plungers Y1 It olisg
desirable That the targst value be larger than the above-mentioned
valus and the ftarget value be 3 value which can be reliaply roacnsd
wndsr tne above-mentioned condition, the target value may booar
arbhiirary value 5
value Detwean 1 b
Unon tne start
In the above-men BYIInGgS DYressing appiratus L for the




emliaiv. cat ice was not completed However, even when the emuC..sron solution, agitating cf which
was continued I'or minute or mor e after its rapid inereaeei was dropped into wat erh en immediata
diffusion was net, performed and it could. to be evaluated that the emulsion was completed. dc

the same manner, reparirno the agibah.ed samele, the comp talon of the emu.] da fa cation was
evaluateo by to the particib sizes. FIG- at each time of ;agitating. It was confirmed that the particle
sizes were not even before the start of agitating, lust after the pressing p.redsure increased rapiely,
and after 30 seconds after its rapid increase. It was confirmed that the particle sizes were even sifter
the pressmg pressure increased l:acidly, .after, 1 minute, 3 mlnute and S. m4 hoibe after its rapid
irgrrease. Thos the lated. confirmation could be evaTuated as rhe complef on. cif the 'emitsion. As
to S or H bed-©On the foregoing, Under.a condition that. recn‘frocatmp mossement was H| rec;Qroced a
chfiri nt Ob took 1 minute or | esd, abcvernsmateJy 20 to 40 seconds for the | pressing por éssaire to
increase rapidly and-then.stop its-rabi¢ increase: Thus, itw aid. . .nC_mreJ mat tale e mulsmn may be
comps. et ea rrit he 0 H.. bowmg sett |ng a. target value'to an arbltrary slue. between400 t and 2,
CMG 0 asithe pressing pressure; Or-to-an :abbitrary,value between 1.4.times and 2.0 Umes as farce
as the pressing. pressure upon the start, agitating, for 1 monute oraftar reachlng the tareet value and
then stopping thesreciprocating mevement: of the ay:ringers'fders - proczs ton/min.

Es 2 sample for the smulsification,
normas saiins sc utlon g omi
IFA 7 mi
OMEG (conteining 4 mg of peptide [(OYDPY] 2 omi
total 4.0
were injected into one syringe of the syringss 9 coupled 1o sac
cther through the connectar 04

Here, IPA indlicates an incom Freund’s adnuvant It
addition, the above-mentioned sequence of the peptide i descripsd

¥ one-ietier aming acid codes

S S P T SISHUY & 8 o S . [ o P s

Sne o DL LD W OWalh GS5ed, Whil 12 E &l ngEr Glgmeter o1
mm ol a flow path having & small dismerer, and has 2 lencth of i
I

Grapns of FIG. 9 show results of changes of pressing forces
o Lungers Aooordinotothe ves s, under s conditior
Lhat recliprocating movement was 60 reciprocation/min, the pressing
cressure increased rapicly Just sfter the start of agitating The
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WiItH LNe DYressing Dressurs apoe e srart of zgltaring, that is,



it is bel: ha. thb tatiet vs I.be larger than. thb, abbye-mntioned value and thb target value be a value
which can be reT iabb , reached_ Under the abbve-mentionbd condition, the tarbet value may be an
arbitrary value between 1,600 g and 1,800 g, or may be an arbitrary value between 1.6 times and 1.6
tbms as la roe as the pressing oressucb noon the start. Ti the same manner, under a cbnditichi
that. recipbccatibg movement, was 116 re procatiorbimin i was confirmed that the emulsion. bey be
completed by t.he fodic:wiTIC." settbrig a target value to an arbitrary value 'between 1,50 g and 2,300
g as the bressinb pressured or to an arbitracy value between 1.2 times and. 1.9 tbete,s as large as the
press inb breshdhre upenthe start” abr te t 1 nb for 1. minute or more after reaching the target value,
and then stamping the recrprocatrng niovenient of the syrlngeblubbers*gr MILis désbrabbe that the
farbel value be. Jarger. than the above: mer:rtroned value and the t abget vaIue be a value: which can be
reliably reached Under the above-mentioried condit tron ‘the’ target value t may be an ar‘brtra‘ry’ value
between 1,800; -¢.and 2,000.g, or. ;Tay be an.achlt. fary, value petween. 1.4 trmes andl.6 times as Large
as the pres sin a pressure upon the start abm5 e 2 the ahcee-mentienbe syringe press” nc abceratbh

connector 99 were frmpar to the casrng 10 as |IIustrated in FIG. I a sample was. agrtated under such a
Oen 1.1 that the: speed-of the reciprecating-mayement; otth,e:aaérénge plungers 91 was set 10 60
reciprocationlmfm or 79 rciprocation/min. As a. sampie for the emul".sificationu normal saline Boleti=

1.8 Trni.. Z2mitating was stopped.
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014150 (conforming 4 m.o of oe (4IFIDPVAAILF)0.2 ml total 4.0 ml were inaectpd into ono syringe c.f"
the syringes 9 coupled to each. othor through thp connector 99. Here, IFA indica:Mes an
incomplete Freund' s adjuant . In addition, the above-meramioned sequemce of the peptide is
descrih*ul be one-letter amino acid codes. The comfg.mff or 99 was used, which has an jamige
diameter of 1.0 mm of a flow oath having a. small di amfmier, and has a. length of 10 mfr. Graphs
of FIG- 9 show reseito of changes of Pressing femme:: of the syringe plungers . Pa000rdC. no t..othe
re su S, Un der a cum-J.it that reciprocating movement was 60 reciprocation/min, the pressing
oressure increased. .rapidly just after the start of agetatlna The the =art of remprocatlng movement of
the syringe pit:tigers 91, In. “addition, ftwas clear that this increase took fess than minute OFf time
period and.was achieved, rapid! y.wi thin a few seconds. Further, agltatmg was contmuedffor | minute
in a state in whichitte. pressing ciossure remainéd increased about: 2.0 times in ‘averdge, and then
atldtatHng was fstopcedﬂ e PMeamum leu,under a condttlonihatfeclprogatlng movement was 79

increased abaul 2:ikthirties in-averats;e:-in csemearlg,ea with.the mes&hte pressure upgn,, .the start of

aci.ei tatii,g" threat is, the start. of reciprocating movement of the syringe plungers 91.1n adcfltlon it
was- clear that this increasestook:dess than-1 minuterof time;se rod en., diis;achhieverli,.: .~  thina
few seconds. Further., agitating was continued for 1 minute in estate in which the pressmct pressure
remained intreased-about2.2 times.inaverage; ante thenacliaking-wasstuyecoed, -+ s

desivable that the target value De larger than tha above-mentionsd
value ana the Target value pe s value ich can be reitabnly reached
Under the above-mentionsd condition, the LEYget Vaius MmEY De ar
aroiirary valuse betwesn 2,000 and 2,400 g, or may be

vaiue petwean 1.5 times and 1 Erimes as large as Chepressingpressure
upon the start,

Lt Tha same manner, undsr & condition that reciprocating
movemenc was Jyrecliprecation/nin, it was confirmed that the emulaior
may De completed Dy the sefting & target valus ToO ar
arbhlTrary value herv 1,800 gend 2,800 ¢ as the pressing pressure,
or Lo an arbitrary valus pet 1.1 mimes and 2.1 times as large
as Lhe Dpressing pressure upon the start, agitating For 1 minuze
Or omorse ziter reaching the FRLUe, and Then zlopping the

oL tie syrings plungsrs 47 it is desirable
tnat the target value be larger than the above-mentioned and
the target value De a value which can be reliably rsached Jnder
h ol ST P S N L P de e g e - o =
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When., regarding the sample after the stopping of the agitation, the completion of the emulsification
was evaluated by the drop test met:nod, it could be evaluated that: the emulsion was cot-gal-teed
under any of the conditions. Sits described in she foregoing, under a condition that reciprocating
=clement wasreciprocation/min,700K | mmngto to increase rapidly and Then stop irs rapid increase.
Thus, it was gong ironed that the anvilS ion rfay be comp” eried by Srtho": setting a. target value tr.>
offy axhitrary value be 1, 480 p a\d.,L.,;00 as the press inb pressure, or to an arbitempcv vaiue
betwbbin 1.1 times and 2 times as large as tse pressing pressure upon the start, agitating for | minute
or more aftetteachlng the target value, and.then stopplngfhb reuprocatmg mbvement of the syringe
plungers 92.It Is oesirarme than the t target “valte e 2" rgef snan the- afove:ment oneVamié and the
target valug.he a value which can be reliably reached. Under the abovb-mentioned condition, the
target value may be an ‘arbitrary value between 1,000 p and 2, 400 g, or may be .an arbitrary value
between 5 times and 1. 8 times .as large as the pressing pressure up= the start In the same
manner, under a condition that reciprocating movement was "79 reciprocation/min, it was confirmed
that the. emulsion mawbe aembheted by she followic: setting serge ye-lila fo an arbitrary value
between 1,400. g and 2, 900 g as the o ressing pressure, or to an arbitrary value ye Pbtaysen 1.1
times anti 2 1 timesr.asiArosas the:pressing pressure-upen the start,-agatating for 1-minuyte.or move
after reachirsi the tarbet value, and then stonbi ng t*e reci.orocating nurverthent of the syringe
plungers 9¢ritds denirab? that thestargeti vhghb he:largierthan.this abovermehrdbaed-gaart. env, the
target value be a value which can be reliably reached. Under between Li times and 1.9 times as large
as the pressing préssire uponthe iffrigscExamrier ©° wa):¢he abeve:mentiened syringe pressin:g
apparatus 1 for thp proddr-Micri of the emulsion in WhICh the two syringes 9 coupled to each other
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as illustrated in FIG. 1, a sample was agitated under such a condition that the speed of the
reciprocating movement of the syringe plungers 91 was set to 99 reciprocation/min. As a sampde for
the emolsificistiod, normal saline solution 0. Si ma. EXI30 ( pontainina 2 m or peptlided 0.1 dd.
tict.ai 2.0 me were injected into one syringe: of the syringes 9 counied to each other thrdugh the
connector: 99. Fede, IFA indicates an incompdetes adjuvant . In aadfdiony the sequences of toe peat
ides which were used. are snown in Table 2. ITabde Pen r de No.Sec ence No 4

No. & | TLFWLLLTL

Th shown in
1 are descriped by one-letter aminc acid codes

The connector 2% was used, which has an itnner diameter of 1.0
mn of & flow path having a small diameter, and has a lengih of 10
T,

FIGE. 12 la) to {2 shows results of chanages of pressing forces
C{-‘ The Ssurinoe n fale =R e o e memt oo Tk B

I ihe & jgRe pLungers Ln GoooLhe DenTIOes N L L 4 5 o

In FIGE. 12 (a] to (e}, the peptide No. 1 indicates {2}, the peptide
Ne. 2 indicates (b, the peptide No. 3 indicates (o), the pentide
He tndicates (di, the peptids No. b indicates () Asillustrated

regarding e ot Ths papt . e gsing =
Wwas measzured twioe in any of the peptides, the forces
upon the start of agitating and the pressing forces afier rapid
increase did not 8 substantiz betwesn I
and second-time mszsursements.

of the pressing pressure,
agi minute, and then agitating
28 stopped. When, regarding the agitated sawmple, the




IL A7,7-7 77" No. 4244(i-2444

The connector 99 was used, which has an inner diameter of 1.0 mm cif a

The above gmentlemymd sequences of( fps OSIOt. I.des shown in. Tainlp are aesoriised by ne-letter

-iolitcts RI No. , K1 RQE7?4())1J1.1 Ng. 3 No. 4.144194gST-994-0-il;
ArainO acid codes.

flow path having a small. diameter, and has a length of 10.
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FIGG. 12 (a) to (e) shows results or changes o pmessfnp formes of the smrinme simmsers in each of
the peptides No. 1 to No. S. In FIGS. 12 (a) 11.0 (e), the peptide No. 1 indicatem (a), the peptide No. 2
indicates (ha, the per:Misie No 3 indicates (.4), the pePtaltaie Ns. 4 indicates. (d), the sestido No,5
indicates (eP. As illustrated in FIGS, 11 Ka) to le), the ra.144d increases of the Cress no pressures
occurred: within 3 minftes after the start of agitatin in any of peptides. These rapid inimeases of the
pressin pressures occurred with 1 minute .me Il of the per:tides. In addition., repard4nq each of t

ar rides, the chamge of the. press:4ns force was measempd M.,,Pdpe. In tine peptides, the sressimg
forpes uppn.the.start. of agitating and thg, pressing forges aftem rapid increase did not lave a
subsfantYs) differenpe betweaar, fart-teme an,d. second-time measurements. After confirming
the increase of the;ppessinp pressure,.agitating was further continued for.1 minute, and then agitating
was stosmgd. Whgn regarding tINe asiMated sampded the comasietian of the emndsHfication was
evaluated bythe:drop-test:method;. it:- could; bb evgduated thatthe.emulsibn was completed. in. any
of the peptides. As described in the foregoing, it was confirmed that, |rrespective of the. kinds of
the peptides, the-rapid: :erease of the-pressing.foree occurs: Bue;to-the presscine force,of the start Of
agitating and the presang force after the rapid increase int each of the peptides it was confirmed that
reC|procat|onIm|n by the followmg seating an arbitrary value between 1, 200 g and 2 200 g as a target
value at which-thesemsicinin ‘colmorn withtheserpeptides iz ohampeetea; agitatingfor hedarget
valued and thbn aropictna the reciurocaMing movement of the syrdnge plungers In addition, also in
view of thke fesiits~6f Exafmple 1, uAder the abovesmentiorea condition it was cént iambs Atrier in: is
more gesiracde _  kTedefecm'neo ma-ac petweek 1,409 g and 1,002 g be sea as the target value
which is c&pablé of cempddiitiy’ TOeMUISISR Mifedpéciave of tie kinasxlitlercepi'des. =cob:gar --was
confinmeo that the emlision may be complet ed oX 7, reJeterrr rieo majse petween 1,000 ¢ and 0,B00
¢ depend kg on the KARAS | prie €eptrdes’‘and ™ Wert at'oppd rne reciprocaning mcvemerd of the
syringe DJ: naggers 01 efter reach:Mg the sarget gadras.



Indestrtal Appl catde aPa preparation of the emulsion, it is the air from ostnp entrained, int:O:he
cylinders, and hence possible to Prepare the emulsion. containing no air bubtle. In. addition, it is
peissilile to use the indicator which is easily detected upon the preparation and which is cc:1=n anions
the va r taus kinds of the pep des , and hence possible ts easily p ee the homogeneous emulsion. As a
resuls, it is possible to use the syringe pressinevapparatus suitab for thp preparation of the emulsion.
CLArmrs. A. syringe oiessime apparsg:us, comps :smhidi a syringe f ix ins mecha.nisrn for fixing two s
...Fris to a oe c;-, frig the two syrimges being ccmpled to each other through a connector; and a

P eyringe IiXingmechaniam for fixing two syringes Lo a casing,
e LWo Syringss peing coupled Lo szach other through & connechoer;
and
doressingmechant
of the two svringes
Z The avrings Dregsing SDDaratus socording oo | m
K EaR A AL m oy i L - L O sl e S o e O B3
whersin:
the syringe Iidingmechanismdetachably fizes the two syringes
Lo Lhe casing, The Uwo zyringss belng coupled 1o sach other fthrough
Lne COnneiorr anc
The mressing mechanlism comprisss
&0 ieast or ol pressing sscuions
sressing the syringe plungars of the two syringes;

movemantT Of
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2. The syringe pressing apparatus according tm claim. 1, wherein: the syringe faxirig mechanism
detachably fixes the WO syringes to the casing, the two syringes being co, rimed rm each other-
rirroueh the connector; and the pressing mechanism comicises: at. least one pair of pressing
sections for alternately oressimm the syringe a:! lingers of the two syringes; driving source tor gib ving
she pressing sectipmc; and a power transmission mechanism for transmiti mg a movement
of the driving source to the pressing sections so as to cause the pressing sections to 11:meal:Hi and
recierproti ly ‘Mr', 77 '2) s yring e presing apicarotmm according to claim 1. or 2, further
car,rs ns plung,e;eprassuneasaosurlmg device fc.r. measuring a pressure with wrl.iairtr rho piessimg
mechanism cioas.ses the syringe plinprs- 4 . The pyrinde pressing apparatus according toola iv,
3, hurt copmvisi no a control: device for controlling the pressing gmmhhahfhmh correspondingly to the
pressure with which the pressing mecharMsrp presses the syringe plungers, the pressure being
measured by the plunger-pressuye-measuring-cevice.- us «5zJhe syringe pressing-apparatu.s.
according tio claim 4, wherein the control device contra's the pressing mechanism, wnen the pressure

. R 1 [ P T T T PR - - 3 i
ST T;_.Aw-._ti}g & control devioe for contrelling Lhe pressing mechanl sm
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presses Lne syringe plungers, The pressure being measured by the
PLUNger-pressure-measuring gevioe
Z Mies grrrae o P - - - 1. ;
>, Ine syringe pressingapparatus acoording toclaimd, wherein

the contrnl devicecontrolst hen the pressurs
0l pressing the syringe plungers reaches a pressure which is
precetermined TImes as large as an initial ol pressing
Lhe SYIINgE DoUNgers or when the pressure of pressing the syrings
ol Ing pressurse

©. The syringepressingapparatus accerdingtoanyone of
£ to b, furtner comprizing e cooling device for oooling the drivinog
EOUTCE

Yo Thesyringepressing apparatus accordingtoanyone of ol aims
1t 6, 1 & driving time period
ot ihe
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ressin the svringe plungers reacham a presgure is predetermimed times as large as an initial pressure
of presming lhe syringe plungers or when the pressure of press'. rm: the nge plungers reachem a
predetmh7iined Pmess' nig pressure. 6. The syringe pressing apparatus according to any one
col claims 2 to 5, further cc:mrisina a cooling de vice for midi? source. 7. The syringe pressing,
apparatus accord.:up any one of claims 1 to 6, further comprising a timer for managing a, driving time
berimd 1 to 7, fun-trier comprising a pressuresinforming mechanism for {0 me in at th, p "se ssUre
3:f press ngthes y findepl "gets reaches a preaticterrinsd pressure, the pressure be:" ng. ersgsured ley
the plunget senessuredheaswlngglmcesm: ne 9. Thesyringe pressing. etpparatus accordmg to any
one. of claims 1 to 8, flintier comprising a stopping-infer: frog mechanism for mForrﬁl'ng stopping of the
pressing mechanisms - -z - 10, The sytluage pyre:esting aphrentatus.accerding to any, one of claims 1
to a wherein each of the pressing sections is provided with an adjusting member for adjustlng a.
distane between:each of the:pressing:senator's.and.each of-the:syringe rehingets; ., 1l..The
syringe pressing apparatus according to any one of claims | to 10, wherein the syringe pressina
apparatusis arsyrinse:pressing-apparatus foremulsion. production, toirn-0

Z. Thesyringeprassingapparatus accordingtoanyonac? claims
L oto B, further comprising a STOPRIng-LnIorming mechanism for
nforming stopping of the pressing mechanism

10, The syringe pressing apparatus according Lo ary one of
ceoalms Loto 8, whersin sach of the ig providad
With oan acjusling membaer for adiusting a distance between sach of
the pressing sections and sach of The syringe plungers

1. The syringe pressing apparatus according Lo any one of
cieims 1 to 10, whnerein the syringe pressing appara LS & svri
pressing apparatus Ior emu.sion production, for produsing ar
EmuLsLon by agitaiing a rawmaterial of the emulsion in the syringes

e he BYringe Dressing apparatus acoo tooany one of
cisims 3 to 10, wherein the syringe) Goapparatis 1§ a pressing
force-measuring apparatus for the syringe poungers, Ior mezsuring
& DIresIure WoLn whLoD Tne syrings plungsrs nrass an ohhect inSeoTe
inTo tne syringes



emulsion by agitating a raw material of the emulsion in the serrinpies. 12. The syringe pressing
apparatus according to any one of oh.a"ms | to 10, wherein the syringe pressing apparatits is a
pressing force-measuring apparatus for the serinde plungers, for mdasuring a orwith which the syringe
plungers cress an. Object injected into the syringes. methc,d of mrodhiro.:..:: an emulsichy
comprTpifig: itstall , two syringes, into which a raw mailer:In" of the emulsion is injected and
which are coupded to each other through a connector, in the syringe pressing apparatus accordd.ng to
claim on; CT. ausing the raw ITS t. a 1"." ....] th.e emulsion. to nios a between the syringes yia the
connector so as to be edit ated by iternately press ing syringe plungers, and consequently the
emulsion is pTepadeda 14. The method of producing an emulsion according to claim 13, further
comprising: ~ measuring a-pressure of. pressing the.syringe pdung. ens,rand control-tine, a pTessinc
pTepsure of fICT syringe plungers coTrespondihgly to th.e measured, pressure. 15 .met hod o f eyd

cat TCCT.C) C 0,71-CH:atiiicn;ot atemul sher s, = which & raw material of the
emulsion Is injected and which are coupled to eash other th rouch
& CONNECLoY, 1n The $yringe pressing apparatus acoording to a1m
1y
Causing the raw material of the emulsion Lo move DeTweern the
syringesviatheconneciorscastobeagitatedbyaitarnatel Dressing
Syringe pounders, and consequently the emulsion is prepared.
4. The method of producing an emulsior aooording to clalm
12, further comprising
measuring a pressure of pressing the syrings plungers; and
conTrelliing 2 cf the rings plungers
Cerrespondingly Lo the measured orossure
3. A& method of evalusting completion of an amizlsion,
comprising
INSTALILIANG TWO sYringes, Into which & raw material of the
emu.ision 15 injected, and which are coupled 1o each other throuah
& COnnectar, in the syringe pressing 2pparatus according Lo claim
21
TELUSING The raw matsrial of the emulzd Loomove petween ths
i e ) s g et W SRR s
syringesviathe connector 30as $0De BTalY D




comprising: Inc two 5)J1' (71ntn which a raw material of the emulsion is injected, and which. are
coupled to each other througt a. connector, in the syringe pressing apparatus accord q to ciaTip
syringe. plungers and measuring 2 pressure of ores sins the syrHoce plunders; and informing
that tine measured pressure reach:es a predetermined pressure.
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