
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 mixed with water and are emulsified before their
administration.        As a technology for preparing such emulsion, there has been disclosed a method
and a connector dedicated to the method. Specifically, in this method, a mixture of an oil 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, generally, the preparation of the emulsion is manuglly  conducted, and hence it is
complicated and a burden is imposed on those who prepare the emulsion, 



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 by the Invention         However, the
cooperating 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 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,
another plunger is inevitablyled. Further, in the preparation of the emulsion, in any case where 



an apparatus for a manual preparation or an automated preparation is used, when a dmamic force for
pressinq 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 syringe plunger, the air is entrained due to a pulling pressure from between the syringe
plunger and the cylinder, which are engaging in a pulling movement, or from the coupling bortion
between the cylinder engaging in. a pulling movement and the connector.         The emulsion having
al- bubbles in the above-mentioned manner cannot be used as a formulation. Thereforea need for
providing countermeasures for preventing the airom being entrained into the cylin.ders. In addition, the
emulsion is needed to be homogeneous. 



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 of the compaction of the emulsion by using the number of the reciprocation of the syringe
plungers In addition, pumping is continued even after the completion of the emulsion, and hence there
is a fear in that the stability of the emulsion is affected.  Conseguen ly, a determination whethernot the
emulsion is completed depends mainly on the sun:ectac cetermanacior of those who prepare the
emulsion. Thus, it is not easy to prepare a homogeneous emulsion_         Cue to the fact described
above, in order to set an objective anoacator of the completion of the emulsion, which iscable to the
preparation of the emulsi.on of various kinds of peptides, it is desirable to set the indicator which is
easily detected upon the preparation ofemulsion and which is common among the various 



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 Problems In order to solveabove-mentioned problems with the
conventional technology, according to the present invention, a syringe pressing apparatus includes: a
syringe fixing mechanism: 



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 for transmitting a movement of the driving source to the pressing sections so as to cause
the Pressing sections to linearly and reciprocatingly move.         Further,the syringe pressing apparatus
further includes plunger-p ssure easuring device for measuring a pressure with  which the pressing
mechanism presses the syringe plungers. Further, the syringe pressing apparatus further includes a
control device for controlling the pressing mechanism correspondingly to the pressure with which the
pressing mechanism presses the syringe plungers, the pressure being measured by the
plunger-pressure-measuring device.         Further, in the syringe pressing apparatus, the control device
controls the pressing mechanism, when the pressure of pressing the syringe plungers reaches a
pressure which is predetermined times as large as an initial pressure pressing of the syringe plungers
or when the pressure of pressing the syringe plungers reaches a predetermined pressing pressure. 



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 stopping of the pressing mechanism.           Further, in the syringe pressing apparatus,
each of press.ing sections is provided with an adjustigg member for a. di stance. hetweeach of the
pressing sectionseach of the syringe plungers.         The syringe pressing apparatus can be suitably
used as a syringe pressing apparatus for emulsion production, for producing an emul
sioagitatingaterial of the emulsion in. the s 



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 prepa the emulsion_ Further, the method of producing the emulsioner includes: measuring a
pressure of pressing the syringe plungers; and controlginpressing pressure of the syringe plungers
correspondingly to the measured pressure. Fumethod of evaluating completion of an emulsion
includes Installing two syringes, into which a raw material of  the emulsion is injected and which are
doubled to each other through    conr,prepsing apparatus; alternately pressing 



syrinqe 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.         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 easily repare
the homogeneous emulsion. In addition, as is possible to easily know the complet.ion of the emulsion_
Br if Description of the Drawings               1 is a top view of a first embodiment according to the present
invention in a used state. FIG. 2 is a top view of the first embodiment according to the  



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 



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  100object to be agitated 



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 



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  



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 being caused to move from one syringe 9 via the connector 99 into another syringe 9. Each of
the syringes 9 used in the syringe pressing apparatus 1 includes, as illustrated in FIG. 6, a syringe
body 90 and the syringe plunger 91. At a tip end of the syringe body 90, there is a tip end portion 92
formed so as to have a smaller diameter than a diameter of other portion of the syringe body 90. From
the tip end of the tip end portion 92, a most tip end portion 93 extends, which is formed so as to
diameter than the diameter of the tip end portion The connector 99 is formed into a cylindrical shape
so as to a flowing path 991 having both open ea small t: At the boch end portions of the connector 99,
there are provided f)tring portions 993 each having a larger diameter than the diameter of the flowing
path 991, into which the most Lip end portions of the syringe' 9 are fitted Into both of the fitting portions
993 



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 sectional area equal in size to or larger than a sectional area of the flowing
path 991 portion having the small diameter in connector 99. However, it is preferred that the syringe
bodies be used, which have more than cc the sectional area of the flowing path 991 portion ha- the
small diameter in connector 99. In addition, though an inner diameter of the flowing path 991 having a
circular section in connector 99 is not particularly limited, it is preferably about 0.5 to 2.0 mm, and a
length of the flowing path. 991 portion having a small diameter is preferably about. 5 to 20 mm.
The syringe fixing mechanism 20 is a mechanism for restricting movement of t90 of the syringes 9 and
fixing the syringe bodies 90 and the connector 99 to the casing 10. The syringe fixing mechanism 20
includes: a pair of syringe foxing tables 2 provided on a top surface of the casing 10; and a syringe
supporting 



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 25 which pass through threaded holes provided to the horizontal piece 22. The vertical
piece 21 is provided with anrecessed portion 23 having a substantial U-shaped longitudinal section.
Into the installing recessed portthe syringe 9, specificallyinge body 90 is inserted from above 



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 supporting screw 26 is inserted into the supporting hole of the holding plate 24: and screwed
into one th.readed hole so as totatably support the holding plate 24 to the syringe fixing table 2. The
fastening screw 27 is screwed into another threaded hole, and the threaded portion of the fastening
screw 27 is then inserted into the fixing recessed portion 201. after rotatingholding plate 24. Thus, the
fastening 



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 shape such as a V-shape other than a substantial D-shape. It s preferred that, in order to
securely fix the syringe 9, a bottom portion of the installing recessed portion. 23 have an identical
shape to a shape of the syringe body 90 of the syringe 9 to be used. In addition, the installing
recessed portionmay have a depth D havi.ng the same length as a diameter of the syringe 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 smaller than the diameter of the syringe body 90, and specif.ically, be smaller than the
diameter of the syringe body 90 by 0.1 to 0.4 WM/ preferably by 0.2 to 0.3 mm. Despite that, a method
of fixing the syringe 9 is not limited as long asis possible to securely fix the syringe 9. 



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 portion 92 of the syringe body 90 is inserted from above for installation. A length U between    e
vertical pieces 31 and 31 is set toedual to or larger than a length or the connector 99 to be installed.
Similarly to 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 portion 33 may have a. shape other than a substantial U-shape. It is preferred that, in order
to securely  fix the syringe 9, a bottom portion of the installing recessed portion 33 have an identical
shape to a shape of the tip end portion 92 of the syringe body 90 of o'414' syringe 9 to be used. In
addition, 



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 9; a 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 4 so as to cause the pressing sections 4 to linearly and
reciprocatingly move. The pressing sections 4 are arranged in a pair on the top surface of the casing
10 so as to be opposed to each other. The driving source and the power transmission device 5 are
provided in the casing 10.         The power transmission device 5, as illustrated in FIGS. 1 and 4,
include a belt 51,a threaded shaft 52, a pulley 53, a pair of nuts 54, and a rotation-preventing shaft 56.
The threaded shaft           inserted into bearing holes 593 of earings 59 which are fixed to the casing
10 with threads 599, and the threaded shaft 52 is axially arntai-a r> supported by the beerin.gs 59. The
pulley 53 is fixed substantially in a center of the threaded shaft 52. The rotation-preventing shaft 56 is
fixed to the casing 10 so as to be parallel to the threaded shaft 52. Two bearings 59 are provided while
sandwiching the pulley 53, and support the threaded shaft 52 in an intermediate portion. However the
number and the position of the bearings 59 to be installed are not limited as long as it is possible to
axially and iotatably support the threaded shaft 



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 rotation-preventing shaft 56 is Inserted into
the inserting hole 542 A pair of the nuts 54 and 54 is installed on both sides of the threaded shaft 52 at
a predeter.mined spate while sandwiching the pulley 53. The threaded shaft 52 is inserted  into the
threaded hole 541. The ball screw nuts are mounted via balls rolling along threaded grooves.At the
same time, the rotation-preventing shaft 56 is inserted into the inserting hole 542. Note that, it is
sufficient that a space between the pair of the nuts 54 and 54 is set to be corresponding to the two
syringes 



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
reciprocating movement if needed. The power transmission. device 5 is not limited to the
above-mentioned configuration as long as it is possible to transmit the movement of the driving source
to the pressing sections. 4. Components of the power transmission device 5 may be appropriately
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 be used.         As the driving source, as
illustrated in FIG. 4, a motor 50 is used. The motor 50 is connected to an electric power supply (not
shown) and fixed to the interior of the casing 10. In addition, the motor 50 is connected to a control
device (not shown.) is .nstal led in the casing 10, and the motor 50 is set to repeat normal rotation and
counter rotation at each predetermined time 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, i is
possible to set driving and stopping of the driving source,e period and a speed of the normal rotation
and the counter rotation, and the like by using 



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 cooling device for cooling the driving source such as the motor 50. As the cooling device, as
ildustrated in WICcacoolimg far 8, a heat p pe, or the like may be used which s installed in vicinty of or
in contact with the driving source such as the motor 50. Each of the pressing sections 4 includes, as
illustrated  clearly in FIGS. 1 and 4, a member having an L-shaped section by providing a. vertical
piece 41 to an end portion, of a horizontal piece 42 so that the vertical piece 41 is perpendicular to the
horizontal piece 42. Each of the pressing sections 4 is fixed to the nut 54 by using screws 429 which
passes through threaded holes 421 provided in the horizontal piece 42 in such a manner that the
vemtical. piece 41 is opposed to a head 912 of the syringe plunger 91 of the syringe 9 to be installed.
Therefore, a pair of two pressing sections 4 is installed correspondingly to 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 formed so as to be elongated in the longitudinal
direction of the threaded shaft 52. Thus, the pressing section. 4 



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 9 is two, two  pairs of four pressing sections 4 are provided_         When the syringe
plungers 91 are pressed by actuating the syringe pressing apparatus 1, the heads 9142 of the syringe
plungers 91 may be pressed directly by the vertical pieces 41. It is preferred that adjusting members
44 be provided to the pressing section 4, for adjusting a distance between each of the pressing
sections 4 and each of the syringe plungers 91. Each of the adjusting members 44 includes an
adjusting screw 47 and an adjusting. nut 48. The vertical piece 41 is provided with a threaded hole
411. The adjusting screw 47 is inserted into the threaded hole 411 and then fixed by the adjusting nut
48. A flat tip end 477 of the adjusting screw 47 is opposed to and abutted against the head 912 of the
syringe plunger 91. As a result, the pressing section 4 is allowed to press the syringe plunger 91 at the
flat tip end 477 of the adjusting screw 47. With this configuration, it is possible to easily adjust the
distance between each of the syringe plungers 91 and the each of the pressing sections 4, and hence
it is possible to easily accommodate the position of each of the syringe plungers 91 which 



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 pressing the syringe plungers increases rapidly just before complste emulsification and exceeds
a force pressing the syringe plungers at an initial period of the preparation, that is, upon the start of
pumping. Thus, it was found that when mlxture of an oil component and of a peptide solution is
agitated by being caused to repeatedly move between the syringes via the connector so as to prepare
the emulsion, it is possible to use a pressing force of the syringe plungers as an indicator of the
completion of the emulsion. In light of this situation, it is clear that it becomes possible to prepare the
homogeneous emulsion by setting the pressing force of the syringe plungers as the indicator of the
completion of the e ision.Therefore, by providing the plungerpressure-measuring device, in the syringe
pressing apparatus 1, it becomes possible to use the pressing force of the syringe plungers as the
indicator, and hence possible to prepare the homogeneous emulsion. In addition, fy
providingplunger-pressure-measur ng 



device in the syringe pressing apparatus I 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-pressuremeasuring device, for example, a compressed load cell 6 may be used as
appropriately illustrated in FIGS. 1 to 4. The compressed load cell 6 may be installed 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 sections 4 or to the tip end 477 of one of the 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
device controls the pressing mechanism 40 correspondingly to a pressure with which the pressing
mechanism 40 presses the syringe plungers 91, the pressure heino measured by the compressed load
ce6 That is, a value of the pressure with wst the pressing 



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 to the control board 7 provided on the casing 10. Such control
device may be cooperated with a control device for controlling driving of the driving source and the
like.         Note that, as the plunaer-pressure-measuring device, in addition to the compressed load cell
6, other compressed load meters or other various kinds of the pressure sensors, which are publicly
known, may be used.In addition, the pressure measured by the plungerapressureameasuring device
may be displayed 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 plunger-pressure-measuring device reaches a predetermined value, a lamp (not
shown) may be illuminated. In other words, these display device 71 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, reaches a predetermined value.         In addition, the syringe
pressing apparatus 1 may be provided with a timer. The timer allows the following. Specifically, the  



may manage the driving time period of the pressing mechanist The timer may be set to au.tomatically
turn off a switch of an electric        sue motor 50 so as to stop the dreff tmotor 50. The timer 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 sensing the stopping of the motor SO, the control device may inform the stopping by
alarming via the speaker in accordance with a previously incorporated program.        In addition, an
upper portion of the casing 10, there are preferably provided a lid 13 for covering the connector 99 and
the syringes 9 which are installed, the lid 13 being axially supported on the casing 10 by hinge 130 so
as to be allowed to be opened and loses and covering the upper portion of the casing 1.0.         In the
following, operations and a method of using the syringe pressing apparatus 1 and a method of
producing the emulsion and a method of evaluating the completion of the emulsion by using the
syringe pressing apparatus I are simultaneously described 



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 installing recessed portion 23 of the syringe fixing table 2 from above, and each of the tip end
portions 92 of the syringe bodies 90 is inserted into each of the insta1ling recessed portions 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 tables 2 are
rotated and fixed by the fastening screws 27. Thus, the syringe bodies 90 are fixed to the syringe fixing
tables 2. in this anner, the movement of the syringe bodies 90 are restricted. Actually, the movement
of each of the syringe bodies 90 to the tip end direction is further restricted also by a step portion being
engaged with the vertical piece 31 of the syringe suPP0g table 3, the step portion situating on 



a base of the tip end portion 92 of the syringe body 90.       In the Stc tt ng 9 inst. a neg to the casing
10 as oescrThea abode, E.: heads 912 of the syringe p1ungers 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.         Next, the switch 76 of the electric power
suriagyi.e turned on- As need.ed, the agit at i q time pemdcpg, thg agitating speed, the value of 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 cook (non shown) wadi oh are orgvided on the control bpand
Thgn, the switmh 77 for starting the frivino of the motor 50 is depressed so as to actuate the motor 50,
The rotation: of oho motor 50, -ydnich repeats the normal notation and the. counter notation 



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
compressed load cell. 6 abuts acsahist and presses this head 917       of one svrimse plunger 91. As
a. result, the syringe plunger 915.s ;inserted into: the syringe body 90, and the object to ice agitated
1062 in the syginge body 90 is moved into the syringe body 90 of anbther syringe 9 via. the connector
99.           The syringe lunger. 91 of the syringe 9, into which the object to      be agitated. 100 flows, is
pressed hack from ihe syringe body 90 due to the pressure of the orb) ect to be. ac:. rated 100. The
pressing. section 4, which is opposed. to the syringe plunger 91 pressed back, moves in an opposite
alreetion to the eirection in wnhon time syringe 9 moves. Further, the pressing section 4 is not fixed to
the syringe:,- plunger 91, and hence the pressing section. 4 does never interfere with rThe. movement
of the syringe .....ringer 91, and does not have any action of pulling the syringe olunoer 91. Therefore:,
it is possible to prevent. the sits from being entrained into the cylinders, and  



hence possible to prepare tlee emulsion containing no air bubble. W 171 EM the one. syrimge plunger
91 i S completely inserted into the svrinbe body 90, amd dischamges 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, n]unoer 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 while bejnb caused to move from the one syringe 9 via the ennead=
99 into fh.e smother syringe 9. Thus, the ehmdbsion is pmebaared.         For finishing the ab ation, the
electric. power sumehebe may be mbmubb ly turneo. off, and specificaidy, a stopping switph 78 may
be dep s ed: .owe var, aut om at ic stopping i s. pred:erahly used .As   Ine t 0:73 for: automatic st
(c)pp'. ng, the foi lowing me h od ma cc mu..oveo . Spec.i ficaliv, in the method, the motor 50 is
automatically stopped. by using the timer, bv which the agitating time period. is preset ro a.
prebeMermdLnmsd time period so as to 7.1.2.rn off the el ectrim pcsmver supply after the
pmedeMermined ti. me period Hs passed. Tbusy the c   at cm 50 may he strfop.ed. In addition, the
foil:pm:Ting meMhpb pay be a:. - .serr-played_ 



by using the plungpf-pressubesmeasuring device such a.s the plunger-pressuresmeasuring device 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 pressers pressing the syringe plUZigerS 91 reaches a preset p,.1- e de t. c:r-rnj. n ed.
pressure. In another method, the pressinp mechanism 40 May be stopped by turning o power supply,
after the pressure pressing the. svremege bregbgers 91 reaches a preset predetermined pressure and
then a. preset time period is passed. In still another method, tin. p press too mechanism 40 m. be
stopped by t grning or f the electric Dower supply when the. pressure:. Tgrederbermined times as
farce as a ,,umfure (initial Ott'' e the initial period of actuation, that is., upon the start of r gimping. 1m.
sT, .j, T i. anc.t her method', tbe pressing mechanism 40 may ne ,t or,Qed by turning of f the electric p
0 wer supply, after t he. pressure pressing the syringe plungers 91 reaches a pressure which. ls
precieterbgned  times as large as a pressure risnitial pressure', upon the initial. period of actuation,
that. is, upon thp start of purmpid apd then. a. preset tHille period is caSSSlis         The compressed
load cell 6 fixed, to the one pressing SESitiLon  abuts adalnst. the syringe olunoer 91 in accordance
with the reciorocati.ncmovement of the pressing section 4. The compbressed lcaid cell 6 then
measures the pressure. 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: the eectnpl',/... dower supply, for exampd.e, when the measured pressure reaches a preset
precis:tern:sped pressure, or when the measured pressure reaches a pressure is rpredetermined
times as large as a presude upcin tThe initial period of actuation. In s manner, the control device
controls the pressing mechanism 40 and controls a pressing pressure of the surdnde plungers 91.
Thup, it becdmes possible to prepare the nomodendas emulsion. by setting the pressing forces of the
syringe pig ers as the Hndiciator of the completion of the emal.sion. Further, the oressure pressing the
Ey03..110e plungers 91, WhiCh is measured by comprdssed load cell 6, is. displayed on. the. dispa.ay



device 71 secu-anoia8jv or when one pressure reaches a.oredepe.rmined repsure m.easirauM 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 syringe pThandars 91 uonn the start of oummrmno; a pressure value for
pressing the springe oThrinqters 91 upon the completion of the emuesiong a ratio between such
pressure and the pressure value upon thp start of pumping:  a. rime oerroo for compdpii ha emulsion;
anal the like. 



Therefore, in the preparation of the emulsion under acme conditions such as the kind and the amount
of raw material, the agitaticlg sppedg and the like, under which the prpcpciation has not been
)uertorrilao 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 period after this time point is passed, the pressing
me cmani sla 40 S then caused to :Pe 23 039 . this manner, the preparation of the emulsion may be
performed. In. addit on, in thic first preparation, it is possible tp know and daritre the above-mentioned.
pressure value, time, mult le, and the like, which are set in. oraet to audompelgally stop the prdssing
mechanim 40 under such congtmion. Thus, in the ',.Paacseeiuer drepdrations ad the emulsion after
the firsn pmeparation under the same condition, it is QcssMitAp tu) preset one pressure maemae,
tape, o00.:r pie, and the Like in order to automatically stop the pressing mechanism 40 in this.
manpep, it is:r5..piabid to artpmete cal I m stop the pressing mechanism 40, and hence it is possible tp
automate the preparation of ape emu S On.         Note that, the object to be agitated 100 in the
syringes 9 lia nut limited to nhe raw material of the emgisiony The object to be apt; rated 100 in the
syrincies 9 may be various kinds of formulations, their now materials or the like, and the measurement
of e crpssing prssure of tnp. sgripge n aners May be. performed in. trnd abome-mgpntioned mannpr.
These processes may bp used in abiparc:ates amd a method for a researph and develoeppnh of
various ki -add of formulations. After the electric power supolyturned off and. the reiribtocating
movements of the pressing sections 4 are stopredd, the twer smignge 9 coupled to each. othpf
thmough the egnnectet 99  



are bet oh ed from the syringe fi min qme 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-shaupd connecter 99 lv installed in one set, the syringe pressing apparatus I according to the
present. invention is not limited to thas forme As illustrated in. FIG. 7, another confioPmation may be
errsaPlc.yed. 



in thi.s conf gurrflr., the SWD Syringes 3 agog 3 coupled to each other thropqt 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 syrlmge
slupger 91 arranoed in parallel to each other. Farm ler, sr I 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 coupled. be eson. other through the connector 99 are linearly nnstalied in. three sets
or more in parallel to each other. In addition, when the two syringes   and 9 couplad to each other
through the connector 99 are linearly installed in two sets 0 TT moine, it is net necessaby to install.
each of the sets in parallel to each other. In this case, it is, sufficient      spTildipriately increase the
ramtber of the pbessing mecharnIsm 40 and the syringe iixino mechanism 20 to be provided_ In these
-numb, .,,hfat-Mmnsn other configurations not described. may 'name a configuration similar to that of
the above-mentioned. embodiment. 



Turther,a syringe pressing apparatgs I, as .H.lustnated ih FIG. E., a cursr a t. n. may also he
employed. Spmcibbical111, 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 trItIno 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 210 is prsynbied with. two installing recessed portions 23 havino a
sgbbtantial d-shaped lorpt fugina7 section. nto the installing: recessed portions 20, the by iuge dodies
90 are inserted from above 110 anstaufasion,  The: syringeable 200 is pdavvided with a holding plate
240 4 are idbMballed in. oneft. be arranged in ba onthetobsufaceofthecabing10.
Thepowertrahsrssionmechaniso 5 and the mptgas serdng as the driving source, which are similar to
those of the above-mentioned embodiments, are provided in two sets correspondingly tb each of the
pressing sections 4.        Note, that, the syringe pressing agoaratus according to the present invention
is not limited to thgbe described above in the embfaiimentp, and the egniPgardtions described above
in the embodiments may be aloprobriately combined with each other:. 



Example 1         In the above apptipned sytippe pressing. abparatus I 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 .I CI) 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 basen inner diameter' of 1.0 mak of. a. flow path having a smald
diameter, and has a len<          Graphs of FIG- 9 show results of changes of pressing forces of the
syringe plungers. According to the results, under a condition that re:aiprocating movement was. 88
reciprocation/min, the pressing pressure increased. rakdddy after about 17 minutes from the startt of
agitaii.no. The p.ressing pressure increased about 2.0 times in average in comparison with the
pressing pressure upon the start of agitating, that is, the start 3 I reciprocating movement of the
syringe plungers 91. In addition, it was clear teat this increase took less than 1 minute of time period
and was achieved rapidly within a few SECOn 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. 



Meanwhiunder: a condition that reciprocating movement was ,,ressing pressure  pressure >map tpe
Start or agitating, that is, the start of    cidurocattng m.vdment o I.the syr..inge phlung.rs 91, I TI
adatni.tion, it was clear that this increase tosk less than, I 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 >-....:Jcsufd 2s dropped into water, the cii S nor .ntmadf
a23la.37 diffused and retains its sphericad shape is set to be aj> indicator, and the emulsjohication.
was evaluated. Sop the following processes (refer to FIG. 10) :  1. dkunboing one drop of the obtained
emulsion solution onto wateer surfaced and  2. evaluatino that the emulsCon. is c OMPietea, wit an
the emu1sicd solution is not immediately din-fused. in the water; 0. epaluatind thdd :he emulsification
is not completed, when the emu Is Mon s o I EP.1 on i s.iTEME!:73,f.a t: a 11 :7 CPL. f -.Laded in. t
hd. w a troll:        As shown in the shotchrapho of FIG. 10A when the emnd.sdon solution of after thA
pmessing pressurd incrdased radial y or after 30 secchas after its rspdd increase was dropp. 73 into
water, a partial diffusion: was observed and it was evaluated that. thd  



emliaiv. cat ice was not completed However, even when the emuC..sron solution, agitating cf which
was continued l'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 pressino pressure increased I:acidly, .after. 1 minute, 3 minute, and S. m4 hoibe after its rapid
irgrrease. Thos the lated. confirmation could be evaluated as rhe completion. cif the emulsion.          As
to S or H bed On the foregoing, under a condition that reciffrocatinp mossement was Hi recOroced a
chfiri nt Ob took 1 minute or I esd, abcvernsmateJy 20 to 40 seconds, for the pressing por'essaire to
increase rapidly and then stop its rabic increase. Thus, it w aid     nC_mreJ mat tale emulsion may be
comps. et ea rrit he 0 H....bowing: sett ing a. target value to an arbitrary slue. between400 t and 2,
CMG 0 as the pressing 'pressure, or to an .abbitrary value between 1.4 times and 2.0 times as farce
as the pressing. pressure upon the start, agitating, for 1 monute oraftar reaching the tareet value,  and
then stopping the reciprocating movement. of the ay:ringers' fders 



it is be1: 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 q and 1,800 g, or may be an arbitrary value between 1.6 times and 1.6
tbms as Ia roe as the pressing oressucb noon the start.           Ti the same manner, under a cbnditichi
that. recipbccatibq 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 upen the start" abi te t 1 nb for 1. minute or more after reaching the target value,
and then stamping the reciprocating movement of the syringe blubbers 91. MIL is desbrabbe that the
farbel value be. larger than the above-mentioned value and the t abget value be a value: which can be
reliably reached. Under the above-mentioned condition, the target value may be an arbitrary: value
between 1,800 g and 2,000 g, or :Tay be an achlt.rary value between 1.4 times and1.6 times as Large
as the pres s in a pressure upon the start. abm5 e 2 the ahcee-mentienbe syringe press': nc abceratbh
Ebb the  production of the emulsion in. which the two syeempes 9 coupled tm each othor theocch this.
connector 99 were fimpai. to the casing 10 as illustrated in FIG. I, a sample was. agitated under such a
Oen 1.1 that the speed of the reciprocating movement, of the syringe plungers 91 was set to 60
reciprocationlmfm or 79 rciprocation/min. As a. sampie for the emul".sificationu normal saline Boleti=
1.8 Trni.. 2 ml 



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 agetatina. The  the =art of reciprocating movement of
the syringe pit:tigers 91, In. addition, it was clear that this increase took less than 1 minute Of time
period and was achieved. rapid! y wi thin a few seconds. Further, agitating was continued for l minute
in a state in whichitte. pressing ciossure remained increased about: 2.0 times in average, and then
atidtatHng was stopced.          Meantiitri leu under a condition that reciprocating movement was 79
redcation/min, the pressing pressure increased after the start of agitating.. The pressine ressure
increased about 2.1 thirties in averats,e in ccemearison with the oressihte pressure upon, the start of
aci.ei tatii,g" threat is, the start. of reciprocating movement of the syringe plungers 91. In addition, it
was- clear that this increase took: less than 1 minute of time se rod en. d: is achhieverli               thin a
few seconds. Further., agitating was continued for 1 minute in estate in which the pressinct pressure
remained increased about 2.2 times in average, ante then acliaLing was stuccoed. 



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 I 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 I minute
or more after reaching the target value, and then stopping fhb reciprocating. mbvement of the syringe
plungers 92. It is oesirarme than the target_ value be 2 rger snan the amove-ment one value and the
target value be 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 mav be aembheted by she followic: setting serge ye-lila fo an arbitrary value
between 1,400. g and 2, 900 g as the o ressinq pressure, or to an arbitrary value ye Pbtaysen 1.1
times anti 2 1 times, as Aroe as the pressing pressure upon the start, agatating for 1 minute or move
after reachirsi the tarbet value, and then stonbi ng t*e reci.orocating nurverthent of the syringe
plungers 91. it is denirab" that the target vbghb he.l argier than this abover-mehrdbaed 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 pressure upon the :iffhigs. Examrie           In). the above-mentioned syringe pressin:g
apparatus 1 for thp proddr-Micri of the emulsion in which the two syringes 9 coupled to each other
through one connector 99 were t-j.xeol to the capin 



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 ( pont a i ni na 2 m or pep t lded 0.1 dd.
tict.ai 2.0 me were injected into one syringe: of the syringes 9 counied to each other thrduqh 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 



-ioIitcts RI No. , K1 RQE7?4())1J1.1 Ng. 3 No. 4.144194gST-994-0-il:  IL ^7,7- 7 77"I No. 4244(i-2444 ,
The above gmentlemymd  sequences of( fps OSIOt. I.des shown in. Tainlp are aesoriised by ne-letter
Arain0 acid codes.           The connector 99 was used, which has an inner diameter of 1.0 mm cif a
flow path having a small. diameter, and has a length of 10. 



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 II 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 by the drop test method, it:. could. bb evgduated that the emulsibn was completed. in. any
of the peptides.        As described in the foregoing, it was confirmed that, irrespective of the. kinds of
the peptides, the rapid :crease of the pressing force occurs. Due to the presscino force of the start Of
agitating and the pressHng force after the rapid increase int each of the peptides, it was confirmed that
the emulsion may be completed under a condition that reciprocating movement was 68
reciprocationlmin by the following: seating an arbitrary value between 1,200 g and 2,200 g as a target
value at which the emsicin in common with these peptides ib onampdetea, agitating for he target
valued and thbn aropictna the reciurocaMing movement of the syrdnge plungers ln addition, also in
view of thke results of Example I, under the above-mentionea condition, it was cent iambs. trier in: is
more gesiracde          kTedefecm'neo ma-ac petweek 1,409 g and 1,002 g be sea as the target value
which is capable of cempaoring TOemuIsion Mtrespecrave of the kinds (little cepr'des. =cob-gar --was
confinmeo that the emIsion may be complet ed ox 7,:rejeterrr.: rieo ma]se petween 1,000 c and 0,B00
c depend :kg on the khnds pi tie eeptrdes, ano :nen 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
pressing mechanism for a 1.t rnate y -dressing syringe ii.uners of the two syringes. 



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 v1ng
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 Iy 'Mr', 77 '2)                s yrinq e presinq apicarotmm according to claim 1. or 2, further
car,riS ns plungerepressure-seosurimg 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-pressure-measuring cevice.         5 . The syringe pressing apparatu.s.
according tio claim 4, wherein the control device contra's the pressing mechanism, wnen the pressure 



ressin the svringe plungers reacham a presgure is predetermimed times as large as an initial pressure
of presming Ihe 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    f 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 sonessuredheasuring dvices.          9. The syringe pressing apparatus according to any
one. of claims 1 to 8, flintier comprising a stopping-infer:frog mechanism for informing stopping of fhe
pressing mechanism.          10. The syrluage pyre:testing aphrentatus according to any one of claims 1
to a wherein each of the pressing sections is provided with an adjusting member for adjusting a.
distane between each of the pressing senator's and each of the syringe rehingers.          11. The
syringe pressing apparatus according to any one of claims I to 10, wherein the syringe pressina
apparatus is a syrinse pressing apparatus for emulsion. production, toirn-0 



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 I 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".' ....I 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.ers; and control-tine, a pTessinc
pTepsure of flCT syringe plungers coTrespondihgly to th.e measured, pressure. 15 .met hod o f eyd
cat TCCT.C) C 0,71.CH at i cn of at emul si or, 



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. 


