
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 a.n 

emulsion of a biologically active peptide ana a method of preparing 

such emulsion. 

Background Art 

When immune induction is conducted by using a peptide as a.n 

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. 

A.s 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 manually 



conducted, and hence it is complicated, and a burden is imposed on 

those who prepare the emulsion. 

Therefore,- for automation of the preparation of the emulsion, 

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 20G7/083763 

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 the fixing tables to reciprocatingly move if each 

of the plungers is fixed so as not to move. Consequently, with this 

configuration of the cooperating mechanisms, when one plunger is 

pressed, another plunger is inevitably pulled. 

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 dynamic force for pressing and pulling is transmitted 

simultaneously to each of syringe plungers of two syringes coupled 

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 10 reciprocatingly move in the same direction, the air 

may be entrained into the cylinders, and 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 portion between the cylinder engaging in a pulling movement 

and the connector. 

The emulsion having air bubbles in the above-mentioned manner 

cannot be used as a. formulation. Therefore, there is a need for 

providing countermeasures for preventing the air from being 

entrained into the cylinders. 

In addition, the emulsion is needed to be homogeneous. 

In the above-mentioned conventional technology, there has been 

disclosed a method- Specifically, in the method, the number of 

pumping is taken as an indicator of the completion of the emulsion. 

The emulsion is obtained, by performing thirtieth times or more of 

pumping. However, in such method, due to some conditions upon the 



preparation of the emulsion, such as the kind of the peptides, a 

reciprocating speed of the syringe (speed of pumping), a moving 

speed of the solution, the number of the reciprocation of the syringe 

plungers{i.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 completion 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. Consequently, a determination whether or not the 

emulsion is completed depends mainly on the subjective determination 

of those who prepare the emulsion. Thus, it is not easy to prepare 

a homogeneous emulsion. 

Due to the fact described above, in order to set an objective 

indicator of the completion of the emulsion, which is applicable 

to the preparation of the emulsion of various kinds of peptides, 

it is desirable to set the indicator which is easily detected upon 

the preparation of the emulsion and which is common among the various 

Kinds of the peptides. 

Therefore, it is an object of the present invention, in the 

preparation of the emulsion by causing the mixture to flow from 

the one syringe through the connector into the another syringe, 

to prevent the air from being entrained into cylinders and to prepare 

the emulsion containing no air bubble. 
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In addition, it is another object of the present invention 

co set the indicator, which is easily detected upon the preparation 

and which is common among the various hinds 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 co solve the above-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 a connector; and a pressing mechanism for 

alternately pressing syringe plungers of the two syringes. 

Further, in the syringe pressing apparatus, the syringe fixin 

mechanism detachably fixes syringe bodies of 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 

sections for alternately pressing the syringe plungers of the two 

syringes; a driving source for driving the pressing sections; and 

a 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-pressure-measuring 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 the 

pressing sections is provided with an adjusting member for adjusting 

a. distance between each of the pressing sections and each of the 

syringe plungers. 

The syringe pressing apparatus can be suitably used as a syringe 

pressing apparatus for emulsion production, for producing an 

emulsion by agitating a raw material of the emulsion in the syringes. 

Further, the syringe pressing apparatus can be suitably used 

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 pressing apparatus; 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 preparing 

the emulsion. 

Further, the method of producing the emulsion further includes: 

measuring a pressure of pressing the syringe plungers; and 

controlling a pressing pressure of the syringe plungers 

correspondingly to the measured pressure. 

Further, a method of evaluating completion of 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 pressing apparatus; 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 

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 prepare the 

homogeneous emulsion. In addition, it is possible to easily know 

the completion of the emulsion. 

Brief Description of the Drawings 

FIG. i 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 
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present invention. 

FIG. 3 is a side view of the first embodiment according to 

the present invention in the used state. 

FIG. 4 is a side view of the first embodiment according to 

the present invention in the used state, which is illustrated in 

a partially broken state. 

FIG. 5 is a 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 invention. 

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 to the 

present invention. 

FIG. 9 is graphs showing changes of pressing forces of syringe 

plungers. 

FIG. 10 is photographs of results of drop tests. 

FIG. II is micrcphotographs of emulsion. 

FIGS. 12 {a} to (d) are graphs showing' changes of pressing 

forces of syringe plungers. 

Description of Symbols 

1 syringe pressing apparatus 

10 casing 



100 object to agitated 

2 syringe fixing table 

24 holding plate 

20 syringe fixing mechanism 

3 syringe supporting table 

4 pressing section 

4 0 pressing mechanism 

44 adjusting member 

4 7 adjusting screw 

48 adjusting nut 

5 power transmission mechanism 

5 0 motor 

52 threaded sh«ft 

54 nut 

56 rotation-preventing shaft 

6 compressed load cell 

9 syringe 

90 syringe body 

91 syringe plunger 

9 5 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. As 

10 



illustrated in FIGS. 1 tc 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 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 I, 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 

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

92. The connector 99 is formed into a cylindrical shape so as to 

include a flowing path 991 having both open ends and a small diameter. 

At the both end portions of the connector 99, there are provided 

fitting portions 993 each having a larger diameter than the diameter 

of the flowing path 991, into which the most tip end portions 93 

of the syringes 9 are fitted Into both of the fitting portions 993 



of the connector 99, the most tip end portion 93 of each of the 

syringes 9 is inserted and fitted so as to couple two syringes 9 

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 conventionally 

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 

twice the sectional area of the flowing path 991 portion having 

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 the syringe bodies 90 cf 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 fixing tables 2 

provided on a top surface of the casing 10; and a syringe supporting 
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table 3 provided substantially in a center between the pair of syringe 

fixing tables 2 and 2. The pair of syringe fixing tbibles 2 and the 

syringe supporting table 3 are linearly arranged. 

The syringe fixing tables 2 are members for retaining the 

syringe bodies 90 of the syringes 9 and fixing the syringe bodies 

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

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

providing a vertical piece 21 to an end portion of a horizontal 

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 

an installing recessed portion 23 having a substantial U-shaped 

longitudinal section. Into the installing recessed portion 23, the 

syringe 9, specifically the syringe 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 is inserted. On both sides of the installing 

recessed portion 23 positioned on a top 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 threaded hole so as to rotatably support the 

holding plate 24 to the syringe fixing table 2. The fastening screw 

2 7 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 rotating the holding plate 24. Thus, the fastening 

screw 27 is fastened in such a state that the holding plate 24 is 

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

the vertical piece 21. As a result, the holding plate 24 is fixed. 

With this configuration, it is possible to detachably fix 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 

2 3 may have a shape such as a V-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 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 portion 23 may have a depth 

D having the same length as a diameter of the syringe body 90 of 

the syringe S to be used. It is preferred that, in order to securely 
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fix the syringe 9, the depth. D be slightly smaller than the diameter 

of the syringe body 90, and specifically, be smaller than the diameter 

of the syringe body 90 by 0.1 to 0.4 mm., preferably by 0.2 to 0.3 

mm. Despite that, a method of fixing the syringe 9 is not limited 

as long as it is 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 3 2 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 

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 

the installing recessed portion 33, tip end portion 92 of the syringe 

body 90 is inserted from above for installation. A length L between 

the vertical pieces 31 and 31 is set to be equal to or larger than 

a length of the connector 99 to be installed. 

Similarly to the installing recessed portion 23, a shape of 

the installing recessed portion 33 is not particularly limited as 

long as it is possible to install therein the syringe 9 to be used. 

The installing 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 S2 

of the syringe bodv 90 of the 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 tc 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 far 

alternately pressing the syringe plungers SI 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 apposed 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 
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52 is inserted into bearing holes 593 of Dearmgs 59 which are rixea 

to the casing 10 with threads 599, and the threaded shaft 52 is 

axially and rotatably supported by the bearings 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 rotatably 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 58S at a predetermined space. 

By being inserted into inserting holes 581 of the two fixing 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 5S. 

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 threaded shaft 52 is inserted into the 

threaded hole 541, and the rotation-preventing shaft 56 is inserted 

into the inserting hole 542. A pair of the nuts 54 arid 54 is installed 

on both sides of the threaded shaft 52 at a predetermined space 

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



into the threaded hole 541. The bail 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) which, 

is installed 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, it is possible to set driving and. 

stopping of the driving source, a time period and a speed of the 

normal rotation and the counter rotation, and the like by using 

a switch arid a cock (not shown) which are provided to a control 

board 7 provided on the casing 10. A pulley 502 is fixed to a rotational 

shaft 501 o-f 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 electric cylinder, a 

pneumatic cylinder, or a hydraulic cylinder. 

Note that, there is a fear in that the emulsion to be prepared 

is deteriorated 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 illustrated in FIG. 1, a cooling fan 8, 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. 

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 

vertical 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 S 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 co 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 
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pairs of four pressing sections 4 are provided. 

When the syringe plungers 91 are pressed by actuating the 

syringe pressing apparatus 1 , the heads 912 of. the syringe plungers 

51 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 All of the adjusting screw 

47 is opposed to and abutted against the head S12 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 piunger-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 pressing the syringe plungers was featured. As a resnrlt, 

it became clear that a force pressing the syringe plungers increases 

rapidly just before complete 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 

mixture 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 emulsion. Therefore, by providing the 

plunger-pressure-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, by providing the plunger-pressure-measuring 

device in the syringe pressing apparatus 1, in addition to its suitable 

use for preparing the emulsion, it is possible to use the syringe 

pressing apparatus 1 according to the present invention as a 

pressing-pressure-measuring instrument for the syringe plungers 
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so as to measure a pressure with which the syringe plungers press 

an object injected into the syringes, for example, an object to 

be agitated which is a raw material of the emulsion. Thus, it is 

also possible to use the syringe pressing apparatus 1 according 

to the present invention as a tool for research arid development 

of the preparation of a various kinds of the formulations. 

As the above-mentioned plunger-pressure-measuring device, 

for example, a compressed load cell 6 may be used as appropriately 

illustrated in FIGS. 1 to 4. The compressed load ceil 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 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 pressure being 

measured by the compressed load ceil 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 

program which is previously incorporated. The driving source and 

even the pressing mechanism 40 are controlled correspondingly to 
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trie pressure with which the pressing mechanism 40 presses the syringe 

plungers 91. Thus, the syringe pressing apparatus 1 is controlled. 

Note that, as the control device, it is possible to use 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 plunger-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 

plunger-pressure-measuring 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 zhe pressure pressing the syringe plungers SI, which is measured 

by the plunger-pressure-measuring device, reaches a predetermined 

value. 

In addition, the syringe pressing apparatus 1 may be provided wit 

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



timer may manage the driving time period of the pressing mechanism. 

The timer may be set to automatically turn off a switch of an electri 

power supply or the motor 50 so as to stop the driving of the motor 

5G. 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 timex" 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 50, 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 

closed, and covering the upper portion of the casing 10. 

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 1 are simultaneously described (refer 

to FIG. 1, FIG, 3, and FIG. 4; . At first, the connector 99, the 
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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, ail 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 installing 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. 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 syringe fixing tables 2. In this manner, 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 supporting table 3, the step portion situating on 

a base of the tip end portion 92 of the syringe body 90. 
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In the syringes S installed to the casing 10 as described above, 

the heads 512 of the syringe plungers 91 are opposed to toe vertical 

pieces 41 of the pressing sections 4 of the pressing mechanism 10, 

respect 1vely. The adjusting screws 4! and the adjusting nuts 48 

are then adjusted, respectively. Then, the frst tip end 47"? of each 

of the adjusting screv;s 4"? is Drought into a close contact with 

or abutted against the head 312 of the syringe oiuncer 91 or the 

compressed load cell 6 is brought into a close contact vnitn or abutted 

against the head 912 of each of the syringe plungers 61 if the 

compressed load ceil 6 is installed to the tic end 477 of one of 

the adjusting screws 47. 

Next, the switch 73 of the electric power supply is turned 

or:. As needed, the agitating time period, the agitating steed, the 

value of the pressure for pressing the syringe plungers 91, at which 

the motor should be stopped, and the 1 c te are set by the swncn 

and the cock i.nc-t shown) wnich are provided on. the control board 

Then, the switch "7 for starting tne driving of the motor 50 

is depressed so as to actuate the motor 50. The rotation of tne 

motor 50, which repeazs the normal rotation and the counter rotation 

under control, of the control device, is transmitted to the threaded 

shaft 52 via the rotational shaft 501, tne pulley 502, the celt 

51, and the pulley 55. As a result, the threaded shaft 52 repeat 

the normal rotation and the counter rotation. Due to the movement 



of the threaded shaft 52, a pair of the nuts 54 and 54 moves linearly 

and reciprocatingly in the longitudinal direction of tne threaded 

shaft 52, whlie being always retained at. an identical, space. 

Each of the nuts 54 is fined to the pressing section 4, and 

hence, due to the above-mentioned movement of the nuts 54, a pair 

of the. pressitc sections A also moves linearly and reciprocatingly 

in the longitudinal direction oi the threaded shaft 52. while being 

always retained at. an identical space. Due to the movement of the 

pressing sections A, the fist tit; end. 4~H of the adtuso.i.ng screw 

47 or the compressed load cell 6 abuts against and presses tne head 

922 of one syringe plunger 91. As s result, the syringe plunger 

91 is inserted into the syringe body 30, arid the object to be agitated. 

iOC in the syringe body 30 is moved into the syringe body 9G of 

anoth~r syringe 3 via the ccnnectcr 39. 

The syringe plunger 91 of tne syringe 9, into which the object, 

to be agitated "00 flows, is pressed cacr from the syringe body 

90 due to the pressure of the ob j ect to be acitsted 100 . The pressing 

section 4, which is opposed to the syringe plunc-er 91 pressed back, 

moves in an opposite direction to the direction in which the syringe 

9 moves. Further, the pressing section 4 is not fixed to the syringe 

plunger 91, and hence she pressing section 4 does never interfere 

with the movement of the syringe plunger 91, and ooes not have any 

action of pulling the syringe plunger 91. Therefore, it is possible 

to prevent the air from being entrained into the cylinders, and 



hence possible to prepare the emulsion containing no air bubble. 

Knsn the one syringe plunger 91 is completely inserted in::o 

the syringe body 90, and discharges the object to be agitated ICC, 

the rotation of the motor 50 is reversed by the control of the control 

device, and the direction of the movement of the pressing section 

4 is changed, As a result, the syringe plunger 91 oressed back is 

pressed by the pressing section The same action and actuation 

as described above are performed and further repeated. Thus, by 

alternately pressing the syringe plunger 91, the obj ect to be agi t a ted 

100 in the two syringes 9 coupled to each other throuoh the connector 

99 having a smell inner diameter is agitated while being caused 

to move from the one syringe 9 via the conn.ec:. or 99 into the another 

syringe 9. Thus, the emulsion is prepared. 

For finishing the agitation, the electric power supply may 

be manually zurned off, and speciileal 1v, a stoppmo switch IB may 

be depressed. However, automatic stopping is preferably used. As 

a method for automat i c stopping , the following method may be emo loved. 

Specifically, in the method, the motor 50 is automatically stooped 

by using the timer, by which the agitating time perioc is oreset 

to a predetermined time period so as to turn off the eleci.r_.c power 

supply after the predetermined time period is osssed. Thus, the 

motor 50 may be stooped. 

In addition, the following method may be also emoloyed. 

Specifics 1iy, in the method, tne motor 50 is aucomatica__y stoooeo 



by using the plunger-pressure-measuring device such as the 

compressed load cel.] 5 and tine control device. In addition, if the 

plunger-pressure-measuring devi ce i s used, a method ma y be employed, 

"which controls the pressing mechanism, when one pressure pressing 

the syringe plungers 91 reaches a pressure which is oreder.erm.ined 

times as large as a pressure (initial pressure) upon the initial 

period or actuation, char, is, upon the start of pumping, or when 

the pressure pressing the syringe plungers reaches a predetermined 

pressing pressure. As a specific example of this method, the 

following methods ma3; be employed. Specificaiiy, in a method, oho 

pressing mechanism 40 may be stopped by turning off the electric 

power supply when the pressure pressing the syringe plungers 92 

r e a c h e 3 a p r e s e t p r e d e t e r mine d p r e s s u re. 1 n a n o t. h er men n o d, o n e 

pressing mechanism 40 may be soopped by turning off the electric 

power supply, after tne pressure pressing she syringe plungers 91 

reaches a preset predetermined pressure and men a preset, time period 

is passed. In still another method, the pressing mechanism 40 may 

be stopped by turning off the electric, power supply when the pressure 

pressing the syringe plungers II reaches a pressure which is 

predetermined times as i.arge as a pressure 'initial oressure) upon 

the initial period of actuation, that is, upon the start, of pumping. 

In still another method, trie crossing mechanism. ~0 may be stopped 

by turning off the electric power supply,, after the pressure pressing 

the syringe plungers 91 reaches a pressure which _s predetermined 



times as large as a pressure 'initial pressure) upon the initial 

period cf actuation, that, is, upon the start of pumping and then 

a p r e s e t t i in e p e r J... o d i 55 pas s e d. 

The compressed load cell 6 fixed to the one pressing section 

4 abuts against the syringe plunger 51 in accordance with the 

reciprocating movement of the pressing section 4. The compressed 

load ceil 6 then measures the pressure press ing the syr inge plungers 

91 and transfers a measuremen: result, to the control device via 

the cable 66. The control oevice, correspondingly to the measured 

pressure, turns off the electric power suoply, for example, when 

the measured pressure reaches a preset, predetermined, pressure, or 

when the measured pressure reaches a pressure vhi ch is predetermined 

times as large as a pressure upon, the _r.it.ial period of actuation. 

In obis manner, the control device controls the pressing mechanism 

40 and controls 5 pressing pressure of the syringe plungers 91. 

Thus, it becomes possiole to prepare the Homogeneous emulsion oy 

setting the pressing forces of the syringe plungers as the indicator 

of the completion of the emulsion. 

Further, tne pressure pressing the syringe plungers 91, vjhich 

is measured by compressed load eel: 6, is d: solayed on tne display 

device ~71 sequentially or when the pressure reaches a predetermined 

value. In addition, when the pressure measured oy compressed load 

ceil 6 reaches a predetermined value, me lamp Is illuminated. 7n 

mis manner, these d.isolay device 11 end tne lamp inform that, the 



pressure pressing the syringe plungers 91 reaches a predetermined 

value, that is, they inform that the. emulsion is comoieied. lis a 

result, even when the pressing mechanism 4C is not automatically 

stopped, it is possible to evaluate and b.ov whether cr not the 

emulsion is completed. 

Mote that, as is clear also in the following examples, in the 

preparation cf the emulsion, the following is vsr.ied due to tne 

hind 2nd the amount of raw material, the agitating speed, arid the 

like: a pressure value for pressing the syringe oiungers 91 uoor. 

the start of pumping; a pressure value for pressing tne syringe 

plungers 51 upon the completion of the emulsion; a ratio between 

such pressure and the pressure value upon tne start of pumping; 

a time period for completing the emulsion; and the like. 

Therefore, m the preparation of the emulsion under some 

conditions such as the kind and the amount of raw material, the 

agitating speed, and the like, under which the preparation has not 

been performed before, it Is difficult to set the above-mentioned 

pressure value, time, multiple, ana the like, which are set in order 

to automatically stop trie pressing mechanism 40. Thus, when tne 

preparation is performed for the id. rst time under a certain condition, 

it is 5tf f icient to perform, the f cl • owing, for example . Sneci f ically, 

the pressure value for pressing the syringe oiungers 91 which is 

displayed on the. display device 71 sequentially is observed with 

eyes so as to know that the pressure value increases rapidly. When 



a predetermined time period after this time point is passed, the 

pressing mechanism 40 is then caused to be stopped. In this manner, 

the preparation of she emul.si.on may be performed. Ir addition, in 

this first preparation,, it. is possible to know and derive the 

above-ment ioned. pressure va 1 ue , rime, multiple, and me like, which 

are set in order to automatically stop the pressing mechanism 40 

under such condition, thus, in the subsequent preparations of the 

emulsion after the first preparation under the same condition; it 

is possible to preset the pressure value, time, multiple, and. the 

like in order to automatically stop the pressing mechanism 4 C . In 

this manner, it is possible to automatically stop the pressing 

mechanism 40, and hence it is possible to automate the preparation 

of the emulsion. 

Note that, the ocject to oe agitated ICO in the syringes 9 

is not limited to the raw material of the emulsion. The object, to 

oe agitated 100 in the syringes S may be various kinds of formulations , 

their raw materials or the like, and the measurement of the pressing 

pressure, of the. syringe plungers may be performed in the 

above-mentioned manner. These processes may be used in apparatus 

and a method for a research and development of various kinds of 

f o rmulations. 

After the electric power supply is turned off ano. the 

reciprocating' movements of the pressing sections 4 are stopped, 

the two syringes 9 coupled to each other through the connector 99 



are detached. from the syringe filing mechanism 2 0 . Then, the emu I si ox: 

J.s ejected, which is prepared from the object :o be agitated 100. 

.As described ir: the foregoing, the syringe pressing apparatus 

1 may be used for the production of the emulsion. In addition, when 

the syringe pressing apparatus 1 includes the 

plunger-pressure-measuring device, the syringe Dressing aooaratus 

1 may be also used as a pressing-pressure measuring instrument for 

the syringe plungers or for tne evaluation of ore completion of 

the emulsion. 

Though the above-mentioned syringe pressing apparatus 1 is 

described as one having the configuration where tne two synnaes 

9 and 9 coupled to earn other by tne linear-shaped connector 99 

are linearly installed in one set, the syringe Dressing apparatus 

1 according to the present invention is not limited to this form. 

As illustrated in TIG. ?, another configuration may be employed. 

Speci ficslly, in this conf iguratior:, the two syringes 9 and 9 coupled 

to each other through the connector 39 are linearly installed in 

two sets wniie being arranged parallel to each other. Isch of the 

syringes 9 is fixed by tne syringe fixing mechanism 20 similar to 

that of the above-mentioned embodiment. Pressing members 413 ire 

installed to the tip ends of the adjusting screws 41 of the oressino 

sections 4, tne pressing members 413 being useable of pressino the 

heads 912 of the two syringe plungers 91 arranged in parallel to 

each other. Further, still another conflouration mav be emnloved. 



Specifically, in this configuration, in is possible to also employ 

a configurarion in which one two syringes 3 and 9 coupled 00 each 

other through the connector 99 are linearly installed in three sets 

or more in parallel to each otrier. In addition, when the two syr i nges 

9 and 9 coupled to each other through the connector 99 are linearly 

installed in two sets or mo-re, it is not necessary to install each 

of the sens in parailei to each other . In this case , it is suf f icient 

to appropriately increase the number of the pressing mechanism 40 

and the syringe fixing mechanise 20 to be provided. In these 

•configurations, other configurations net described, may have a 

configuration similar to that of the above-mentioned embodiment. 

Further, in a syringe pressing apparatus 1, 33 illustrated 

in FIG. 8, a configuration may also be employed. Specifioa.il y, in 

this configuration, a connector 990 having a C-shape is used, and 

the two syringes 9 are arranged in parallel to eacn other so as 

to be one set. When such configuration is employed, trie syringe 

fixing mechanism 20 is constituted by one syringe fixing table 200. 

The syringe fixing table 200 is a member having an L-shapec section 

by providing a vertical piece 210 to an end portion 01 a Horizontal 

piece 220 so that the vertical piece 210 is perpendicular to the 

horizontal piece 220. The vertical piece 210 is provided with tv-o 

installing recessed portions 23 having a suoscantiah 0-sbsped 

longitudinal section. Into the installing recessed portions 21, 

tne syringe bodies 90 are inserted from above for msta... 1 at ion. 



The syringe fixing table 200 is provided with 5 holding plate 240 

for holding tne two syr i.nges 9 to be installed. Tne Dressing sect ions 

4 are installed ir: one pair to oe arranged in oarallel to each ether 

on the top surf see of the casing 10 . The power transmission mechanism 

5 and the motor serving as the driving source, which are similar 

to those of the above-mentioned embodiments, are Drovided in two 

sets correspondingly to each of the pressinq sections 4. 

Note than, the syringe pressing apparatus according to the 

present invention is not limited to those described above in the 

embodiments, and the configurations described above in the 

embodiments may be appropriately combined with each other. 

Example 1 

In the above-ment;ioned syringe pressing apparatus 1 for the 

production of the emulsion in which the two syringes 9 couched to 

each other through the connector 99 were fixed to the casing 1C 

as illustrated in TIG. 1, a sample was agitated under such a condition 

that the speed of the reciprocating movement of the syringe plungers 

91 was sei to B8 reniprocation/min or 116 reciprocaf.ion/min. 

h:s a sample for tne emuisifiran:onr 

norrnal saline solution 0.9 ml 

I F.A 1 n-1 

Dr-550 •; containing 2 mg of peptide •: QYDPVAAlFh C.l ml 

total 2.0 mi 



injected into one syringe of the syringes 9 coupled :c eacn 

outer through one connector 99. 

Here, "FA indicates an incomplete Freund's adjuvant. In 

addition, one above-mentioned sequence of the peptide is described 

by one-letter amino acid codes. 

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

mm of a. flow path having a small diameter, and has a length of 10 

mm. 

Graphs of FIG. 9 show results of changes of pressing forces 

of the syringe plungers . According to the resul t s f under a condition 

that reciprocating movement was 88 reciprocal!on/ruin, the pressing 

pressure increased rapidly after about 1" minutes from the start 

of agitating. The pressing pressure increased about 2.0 times if. 

.average in comparison v/lth tne pressing pressure upon the start 

of agitating, thai is, the start of reciprocating movement of the 

syringe plungers 91. In addition, it was clear mat this increase 

toon less than. 1 minute of time period and was achieved rapidlv 

w i thin a few seconds . Further , agitating was continued, for minute, 

and men agitating was slopped at. the time when the pressing pressure 

increased about 2.1 tiroes in average. 

Meanwhile, under a condition that reciprocating movement was 

116 reciorocat ion/mi r., tne press in g pressure increased rapidly after 

about ] /; minutes fr cm the start of agitating. The pressing pressure 

increased about 1.9 times in average It: cortrcarison with the oressinc 



pressure upon tne start oi aqitatinq, char is, the scar" or 

reciprocating movement of the syringe plungers 91. In addition, 

it. was clear that this increase took less than 1 minute of time 

period and was achieved rapidly within a few seconds. Further, 

agitating was continued, for 1 minute in a. state in which the pressing 

pressure remained increased about 1.9 times in average, and then 

agitating was stopped. 

Regarding the agitated sample, the completion cf the 

emuisification was evaluated by the crop test method. In the drop 

test, the nature that, if emulsification is completed to term 

appropriate emulsion particles, even when the liauid is dropoea 

into water, the liquid is net immediate!y diffused and retains its 

spherical snape is set to be an indicator, and the emulsiiication 

was evaluated by the following processes (refer to FIG, 10; : 

1 . dropping one drop of the obtained emulsion solution onto water 

surface; and 

2. evaluating that, the emu is-ion is comDieted. when the emulsion 

solution is not imrrtediately diffused in tne water; or 

3- evaluating that the emulsification is not completed, ween me 

emulsion solution is imrnedi atei y diffused in the water. 

As snown in the photographs of FIG. 1C, when the emulsion 

solution of just after the pressing pressure increased rapidly or 

after' 30 seconds aider its rapid increase was dropped into water, 

a p a r t i a 1 d i f f u s i o n w a s o b s e r v e c a n o 11 v; as e v a 1 u a ted t h a t r h e 



emulsiiioation was not. completed. However, even when the emu] si on 

solution, agitating cf which was continued for 1 minute or more 

after its rapid increase, was dropped into voter, an immediate 

diffusion was noc performed and it could to be evaluated tr.st the 

emulsion was completed . 

In one same manner, regarding one agitated sample, the 

completion of one emulsification was evaluated bv rbe evenness of 

ohe particle siz.es. PIG. 1J shows microphotographs of emulsions 

at each time of agitating:.. It was confirmed chat trie particle sites 

•were not even before the start of agitating, lust after the pressing 

pressure increased rapidly, and after 30 seconds after its raped 

increase. It was confirmed that ohe particle sices were even after 

the pressing pressure increased rapidly, after 1 minute, 3 minute, 

and 5 minute after ios rapid increase. Tnus the later confirmation 

could be evaluated as the completion of the emulsion. 

As described in the foregoing, under a condition that 

reciprocating movement was 88 reciprocatiou/miru it took 1 minute 

or less, approximately 20 to 40 seconds, for toe pressing pressure 

to increase rapidly and then stop its rapid increase. Thus, it. was 

confirmed that the emulsion may be completed by the fcd i owing: settinc 

a target value to an arbitrary value between 1,400 g and 2,000 g 

as the pressing pressure, or to an arbitrary value between 1.4 times 

and 2.0 times as .large as tne pressing pressure upon the start, 

agitating for 1 minute cu more after reaching the target value, 





production of the emulsion in which the two syringes 3 coupled to 

each other through the connector 99 were fixed to the casing 10 

«5 illustrated in FIG. 1, 3 sample was aglusted under such a condition 

that the speeo or the reciprocating movement of the syringe plunqers 

91 was set to 60 reciprocacicn/min or 7 9 reciprocation/rain. 

As a sample for the emu:sification, 

normal saline solution 1.8 ml 

1 FA 2 ml 

2MS0 (containing 4 rr.g of peptide (QYDPVAALF: } 0.2 mi 

total 4.0 mi 

were injected into one syringe of tne syringes 9 coupled to each 

other throuah the connector 99. 

Here, IFA indicates an incomplete Freund's ac~uvant. in 

addition, tne above-mentioned sequence of the peotd.de is described 

oy one-letter amino acid codes. 

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

mm of a flow path having a small diameter, and has a length of 10 

mm. 

Graphs of FIG. 9 show results of changes of pressing forces 

of the syringe plungers . According to the results, under a condition 

that feci pr oca 11 ng move merit was 50 reciprocation/min, the pressing 

pressure increased rapidly ;ust after the start of agitating. The 

pressing pressure increased about 2.0 times in average in comoariscr: 

with tne pressing pressure upon the start of agitating, that is, 



the start of reciprocating movement of "he syringe Diunpers 2d.. 

In addition, it was ciear teat this increase took less than 1 minute 

of lime period and was achieved rapidly wichin a few seconds . Further, 

agitating was continued for I minute in a. state in which the pressing 

pressure remained, increased about: 2.0 times in average, and cher; 

agitating was stopped. 

Meanwhile, under a condition thac reciprocating movement was 

"?9 reciprocation/min, the pressing pressure increased rapidly just 

after the start of agitating. The pressing oressure increased about 

2.2 times in average in comparison with the pressing pressure upon 

the start of .agitating, that 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 oeriod and is achieved 

rapidly within a few seconds. Further, agitating was continued for 

1 minute in a state in- which the pressing pressure remained increased 

about 2.2 times in average, and then agitating was scocc-ed. 

when, regarding the sample after trie stopping of the agitation, 

the completion of the emuisification. was evaluated by the drop test 

method, it could oe evaluated that, the emulsion was comoieted under 

any of the conditions. 

As described in the foregoing, under a condition that 

reciprocating movement was 6C reciprocation/min, it took 1 minute 

or less, approximately 2C to 40 seconds, for the pressing treasure 

to Increase rapidly and then stop its rapid increase. Tnus, it was 



confirmed that the emulsion may be completed by the ? allowing : set; ting 

a target, value to an arbitrary value between 1,400 g and 2,500 q 

as the press.! rig pressure, or to an arbitrary value between 1.1 rimes 

and 2 times as large as the press lug p res sure upon the start, aginat ire 

for 1 minute or mere after reaching the target value, and then shopping 

ohe reciprocating movement of the syringe plungers 91. It is 

desirable than the target value be larger than tne above-mentioned 

value and the target val-ue be a value which car; be reliably reached. 

Under the above-mentioned condition, the target value may be an 

arbitrary value between 2,000 g and 2,400 g, or may be an arbitrary 

value between 1 - 5 times and 1. B t: lines as large as tne pressing oressure 

upon the star:.. 

In the same manner, under a condition that reciprocating 

movement was 7 y reciprocation/min, it was confirmed that the emui sron 

may be complsteo by the following: setting a target value to ar: 

arbitrary value between 1 , 400 g and 2, 900 g as the pressing pressure, 

or to an arbitrary value between 1.1 times snd 0.1 times as large 

as the pressing pressure upon the start, agitating for 1 minute 

or more after reaching the target value, and then stooning the 

reciprocating movement of the syringe plungers 91. It is desirable 

that the target value be larger than the above-mentioned value and 

tne target value be a value which can be reliably reached, under 

the above-mentioned condition, the target tch.ue may be an arbitrary 

varue oetweer ur300 g ana 2, "700 g, or may be an aroitrarv value 

4:3 



between 1.6 times and 1.9 times as large as tne pressing pressure 

upon the start. 

Example 3 

In the above-mentioned syringe pressing apparatus 1 for the 

production of tne emulsion in which the two syringes 9 coupled to 

each other through the connector 99 were fixed to tne casing IC 

as illustrated in FIG .1,8 sample was agitated under such a condit ion 

that the speed of the reciprocating novement of the syringe plungers 

91 was set to 86 reciprocation/min. 

As a sample for the emulsifies!:on, 

normal saline solution 0.9 ml 

I FA 1 ml 

DMSO ^containing 2 mg of peptide; C.l ml 

total 2.0 ml 

^ere injected into one syringe of the svringes 9 couoled to eacn 

other through the connector 99. 

Here, IFI9 indicates an incomplete Freund's adjuvant. In 

addition, the sequences of trie peptides which were used are shown 

:r: Table 1. 

[Table ii 

Peptide No . ; Sequence i 
NOT~T RFVPr)GI^FT 11 

"" No ~ "i ; KLRQ5VKQN1. " I 
______ No . 3 ______ i F-YC!GLI:!G? PI 

No". 4 _ KTVNETiDNL "j 





of the emulsification was evaluated by ine drop rest: method, it 

could be evsiuatsci that the emulsion was completed. in any of the 

pep-ides. 

As described in the foregoing, it. was confirmed chat, 

irrespective c.f the kinds of the peptides, trie rapid increase of 

the pressing force occurs. Due to tne pressing force of the start 

of agitating and t.he pressing force after the rapid increase in 

each of the peptides, it was confirmed that the emulsion may be 

completed under a condition that reciprocating movement was BS 

reciprocation/min by the follow:.ng: setting an arbitrary value 

between 1,200 g and 2,200 g as a target value st which the emulsion 

in common with these peptides is completed, agitating for 

appropriately 1 minute after reaching the target, value, and then 

stopping the reciprocating movement of the syringe plungers 91. 

In addition,- also in view of the results of Examoie 1, under tne 

above-mentioned condition, it was confirmed that it is more desirable 

that a predetermined value between 1,400 g and 2,000 c be set as 

the target, value which is capable of compietinc the em.ulsi.on 

irrespective of the kinds of the peptides . Further r it was conf i rmeo 

that the emulsion may be completed oy setting a predet.ermi.neo value 

between 2,000 g and 2,500 g depending on the kinds of the peptides, 

and then stooping the reciprocating movement, oi the syringe p] lingers 

11 after reaching the target value. 





CLAIMS 

1. A syringe pressing apparatus, comprising: 

a syringe fixing mechanism for fixing two syringes to a casing, 

the two syringes being coupled to each other through a connector; 

a pressing mechanism for alternatelypressing syringe plungers 

of the two syringes;. 

a plunger-pressure-measuring device for measuring a pressure 

with which the pressing mechanism presses the syringe plungers; 

and 

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, wherein 

the syringe fixing mechanism detachably fixes syringe bodies 

of the two syringes to the casing, the two syringes being coupled 

to each other through the connector; and 

the pressing mechanism comprises: 

at least one pair of pressing sections for alternately 

pressing the syringe plungers of the two syringes; 

a driving source for driving the pressing sections; and 

a 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. 
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2. The syringe pressing apparatus according to claim l, wherein 

the control device controls the pressing mechanism, when the pressure 

with which the pressing mechanism .presses the syringe plungers 

reaches a pressure which is predetermined times as large as an initial 

pressure of pressing the syringe plungers or when the pressure with 

which the pressing mechanism presses the syringe plungers reaches 

a predetermined pressing pressure. 

3. The syringe pressing apparatus according to claim 1, wherein 

the control device stops the pressing mechanism, after a 

predetermined time period is passed since the pressure with which 

the pressing mechanism presses the syringe plungers has reached 

a pressure which is predetermined times as large as an initial pressure 

of pressing the syringe plungers or since the pressure with which 

the pressing mechanism presses the syringe plungers has reached 

a predetermined pressing pressure. 

4 . The syringe pressing apparatus according to anyone of claims 

1 to 3 , further comprising a cooling device for cooling the driving 

source. 

5. The syringe pressing apparatus according to any one of claims 

1 to 4 , further comprising a timer for managing a driving time period 

of the pressing mechanism. 



6 . The syringe pressing apparatus according to anyone of claims 

1 to 5, further comprising 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. 

7. The syringe pressing apparatus according to anyone of claims 

1 to 6, further comprising a stopping-informing mechanism for 

informing stopping of the pressing mechanism. 

8 . The syringe pressing apparatus according to anyone of claims 

1 to 7, wherein each of the pressing sections is provided with an 

adjusting member for ad justing a distance between each of the pressing 

sections and each of the syringe plungers. 

9. The syringepressingapparatusaccordingtoanyoneof claims 

1 to 8, wherein the syringe pressing apparatus is a syringe pressing 

apparatus for emulsion production, for producing an emulsion by 

agitating a raw material of the emulsion in the syringes. 

10 . The syringe pressing apparatus according to any one of 

claims 1 to 8, wherein: 

the syringe pressing apparatus is a syringe pressing apparatus 
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for emulsion production, for producing an emulsion by agitating 

a raw material of the emulsion in the syringes; and 

the control device controls the pressing mechanism with use 

of the pressure with which the pressing mechanism presses the syringe 

plungers as an indicator of the completion of the emulsion, the 

pressure being measured by the plunger-pressure-measuring device. 

11. The syringe pressing apparatus according to any one of 

claims 1 to 8, wherein the syringe pressing apparatus is 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. 

12. A. method of producing an emulsion, comprising: 

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 pressing apparatus according to claim 

9 or 10; 

causing the raw material of the emulsion to move between the 

syringes via the connector so as to be agitated by alternatelypressing 

syringe plungers ,-

measuring a pressure with which the pressing mechanism presses 

the syringe plungers; 

controlling a pressing pressure of the syringe plungers 
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correspondingly to the measured. pressure, and consequently the 

emulsion is prepared. 

13. The method of producing an emulsion according to claim 

12, further comprising: 

controlling a pressing pressure of the syringe plungers with 

use of the pressure with which the pressing mechanism presses the 

syringe plungers as an indicator of the completion of the emulsion. 

14. The method of producing an emulsion according to claim 

12 or 13, further comprising stopping the pressing of the syringe 

plunger after a predetermined time period is passed since the pressure 

with which the pressing mechanism presses the syringe plungers has 

reached a pressure which is predetermined times as large as an initial 

pressure of pressing the syringe plungers or since the pressure 

with which the pressing mechanism presses the syringe plungers has 

reached a predetermined pressing pressure. 

15. A method of evaluating completion of an emulsion, 

comprising: 

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 pressing apparatus according to claim 

10; 
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causing the raw material of the emulsion to move between the 

syringes via the connector so as to be agitatedby al ternately pressing 

syringe plungers and measuring a pressure of pressing the syringe 

plungers; and 

informing that the measured pressure reaches a predetermined 

pressure. 
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