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DEVICE FOR SEQUENTIAL DISCHARGE OF 
FLOWABLE REAGENTS 

[0001] The present invention refers to a device allowing to 
store a plurality of liquid or semi-liquid (?oWable) reagents, 
required for a given chemical or biochemical synthetic or 
test reaction, in integrated form, i.e. in a single container that 
is easy to produce and to handle, and, in use, the device 
further alloWing for an exact dosing of such reagents in a 
reaction chamber Without any prior mixing of the reagents 
by a simple linear movement of a plunger. 

[0002] Integrated storage and de?ned dosing of a plurality 
of liquid or semi-liquid reagents is of great importance for 
the production of ready-to-use chemical and pharmaceutical 
products Which are chemically complex, i.e. Wherein vari 
ous, sometimes very different reagents that react With each 
other have to be supplied in doses into a reaction chamber 
in a chronologically de?ned sequence, and Which also must 
be easy to produce and to handle by the user. A suf?ciently 
simple handling is realiZed in particular When the user can 
trigger the dosing by only a feW unmistakable manipula 
tions. 

[0003] Important ?elds of application are the chemical and 
biochemical fast analytics and in active substance formulat 
ing for pharmaceutical purposes. Clinical fast analytics is of 
particular commercial importance. Here, simple integrated 
systems are needed that operate reproducibly and, possibly, 
quantitatively, Which can be used in decentral applications 
(doctor’s of?ces, pharmacies, households) even by non 
skilled users. A typical list of requirements concerning the 
handling and reliability has been established in the US in the 
guidelines to the CLIA (clinical laboratory improvement 
act). 
[0004] A device presently used in fast analytics for storing 
and dosing of a maximum of three different reagents is 
described in US. Pat. No. 4,943,522. 

[0005] Here, a biochemically active component is applied 
to a strip-shaped glass tissue and dried thereon. Dried, it can 
be stored over a longer period. The glass tissue is placed 
over a strip of cellulose nitrate. In use, a liquid sample is 
applied that penetrates the glass tissue due to capillary forces 
acting and dissolves the reagents stored there, thus initiating 
a partial reaction. The reaction mixture Will then penetrate 
further into the cellulose nitrate membrane, Where a second 
and, possibly, a third reactive component is present reacting 
further With the sample. This method is not practical for 
reactions requiring more than three reagents, since, in gen 
eral, mixing an/or netting reactions betWeen the components 
occur that are difficult to control. Intermediate Washing steps 
to avoid these effects are not possible. Speci?cally, the 
device does not provide a very good quantitative evaluation 
since the basic phyisco-chemical steps such as drying, 
reconstitution and lateral diffusion are very sensitive to 
interferences and cannot Well be reproduced Without great 
technical effort. Therefore, preference is given to liquid 
reagents. A corresponding device for storing and dosing is 
described in WO/A/971889 5. It is based on the use of at 
least tWo rigid storage receptacles/containers holding the 
reagents. The containers are disposed one behind the other 
and are each closed at the bottom by means of a closing 
means that can be opened through a trigger means. In use, 
the reagents ?oW through the open bottoms due to gravity 
and into the underlying container and from the last container 
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out from the device and into the reaction chamber. On 
principle, the dosing may be performed in tWo Ways. Either, 
the closing means of the individual containers are opened 
sequentially, starting With the container nearest the outlet 
opening to the reaction chamber, the higher container being 
opened only When the loWer container is empty, or all 
containers are opened simultaneously With liquids from 
higher containers ?oWing into a loWer container not yet 
empty. In the ?rst case, a multiple triggering of the dosing 
is necessary. This is tedious to the user and not acceptable 
for many applications. In the second case, partial mixing 
cannot be excluded. Generally, this leads to uncontrollable 
pre-reactions or dilution. The above application suggests to 
minimiZe these effects by neutral additives that change the 
density and the viscosity of the liquids. HoWever, this does 
not exclude reactions at phase interfaces and mixing caused 
by microturbulences. 

[0006] Another disadvantage of the above device is the 
control of the dosing by gravity in combination With the How 
resistance of the application device and, possibly, the con 
nected reaction chamber. Since the How resistance Within 
the containers depends very strongly on the interfacial 
tensions of the liquids, small added amounts of surface 
active substances, e.g., can have strong effects on the How 
characteristics. In applications Where, for reaction-kinetic 
reasons, a reproducible out?oW behavior of the reagents is 
required, this causes very large variations in the course of the 
reaction. 

[0007] It is an object of the present invention to provide a 
device Which enables, in a simple manner, a precise, chro 
nologically de?ned and sequential discharge of at least tWo 
liquid or semi-liquid reagents into a reaction chamber by a 
single mechanical linear movement, Without prior mixing of 
the reagents. 

[0008] To solve the object, the invention provides a device 
for sequentially discharging ?oWable reagents having the 
features and properties mentioned in claim 1. 

[0009] According to the present invention, a device is 
employed Wherein the individual reagents are disposed one 
behind the other in the form of a reagent column, the 
individual reagents segregated by movable partitions that are 
slidably supported in a sealing manner at the inner surface 
of a cylindrical container holding the reagent column. 

[0010] For dosing, the segregated reagent column is 
advanced toWards and through an outlet opening, the 
reagents leaving the container accordingly and the partitions 
being advanced into a portion of the container that is beloW 
the inlet opening of the outlet channel. Here, the media 
contained in this portion of the container is pushed either 
into the environment or into the reaction chamber via a 
pressure compensation channel. In the ?rst instance, the 
pressure compensation channel is open to the environment 
and the media is air. In the second instance, the pressure 
compensation channel is open to the reaction chamber and 
the media is a liquid to be dosed, eg a Washing solution. 

[0011] Further, a holding force generating unit is inte 
grated in the device, Which, together With the ?rst loWer 
partition, seen in the discharge direction, generates a pres 
sure counteracting the linear movement and higher than the 
pressure generated by the pressure generating unit. Here, it 
is possible, for example, to provide a spring betWeen the 
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bottom of the receiving container and the ?rst partition. A 
particularly simple solution is to use a ?rst partition having 
a slightly higher friction that the subsequent partitions, due 
to a larger outer diameter. An analogous effect may be 
obtained if the receiving portion beloW the inlet opening of 
the outlet channels has a slightly smaller inner diameter, e.g., 
by 1-10%, than the superj acent portion of the receiving 
chamber, or if it has a higher friction due to special surface 
treatment. 

[0012] In an advantageous development of the invention, 
it is provided that the pressure generating unit is a plunger 
or rod abutting the inner surface of the receptacle in a sealing 
manner and being slidable toWards the ?rst end of the 
receiving chamber. Since the topmost reagent volume in the 
reagent column is usually sealed off by a partition element, 
this partition element acts as a plunger onto Which the rod of 
a pressure generating device acts. The pressure generating 
device may also be designed as a pneumatic pressure 
generating unit acting pneumatically on the topmost parti 
tion element. Hydraulic systems are also conceivable as the 
pressure generating unit. 

[0013] Suitably, the outlet opening is joined by an outlet 
channel Which eXtends beyond the ?rst end of the receptacle. 
This outlet channel is disposed either outside or Within the 
receiving chamber. When disposed Within, it is designed as 
an outlet tubule Whose end arranged in the receiving cham 
ber can pierce the partition elements When these move 
toWards the ?rst end of the receptacle due to the pressure 
eXerted by the pressure generating unit. Here, the outlet 
tubule directed opposite to this direction of movement. 

[0014] Should the portion of the receiving chamber 
betWeen the outlet opening and the relief opening merely 
hold air or a gas, it is suitable to direct the relief opening into 
the environment around the receptacle. It is also possible 
that a reagent is present in this portion of the receiving space. 
It is then suitable to have the relief opening in ?uid com 
munication With the outlet opening, for eXample, by making 
the relief opening terminate in the outlet channel. 

[0015] Speci?cally, the holding force generating device is 
a unit increasing the friction betWeen the loWermost parti 
tion element and the portion of the receiving chamber beloW 
the outlet opening. The increased static friction thus 
obtained guarantees that at least the loWermost partition 
element is not moved any further When reaching the portion 
of the receiving chamber beloW the outlet opening, so that 
the pressure accumulated by the pressure generating unit is 
used to discharge the reagent above the loWermost partition 
element through the outlet opening. When the neXt partition 
element comes into the vicinity of the outlet opening and 
closes the same, the pressure from the pressure generating 
device Will move the tWo overlying partition elements 
toWards the ?rst end of the receiving chamber until the upper 
one of these tWo partition elements is situated beloW the 
outlet opening. NoW, the reagent of the volume above this 
partition element may ?oW off through the outlet opening. 
This process is repeated corresponding to the number of 
partition elements and reagent volumes. 

[0016] Increased friction in the portion beloW the outlet 
opening of the receiving chamber may, for example, be 
effected by a corresponding treatment of the contacting 
surfaces of the loWermost partition element and the inner 
surface of the receiving chamber. It is also conceivable to 
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provide a constriction in a portion of the receiving chamber 
beloW the outlet opening or to con?gure the loWermost 
partition element oversiZed With respect to the other parti 
tion elements, i.e. Wider than the other partition elements. 
Finally, it is also conceivable to use a spring as the holding 
force generating unit Whose resilience acts opposite to the 
direction of the partition elements along Which these move 
under the action of the pressure from the pressure generating 
unit. 

[0017] Asecond variant of the invention provides a device 
for sequentially discharging ?oWable reagents that has the 
features and characteristics mentioned in claim 11. 

[0018] In this variant of the invention, the partitions are 
replaced With gas aor liquid volumes. These gases or liquids 
are inert and substantially not miscible With the reagents. 
The liquids are hydrophobic. In the outlet opening, there is 
a hydrophilic membrane alloWing only the reagents to pass 
but not the hydrophobic separating liquids or the gaseous 
separating volumes. In the initial state of the device accord 
ing to this variant, a closure is arranged in the region of the 
outlet device closing the same from inside. The use of liquid 
or gas volumes for separation requires the receptacle to be 
con?gured as a capillary. This capillary is open at its tWo 
opposite ends and has a branch adjoining the outlet opening. 

[0019] BeloW the outlet opening, betWeen the same and 
the loWer ?rst end of the capillary, the holding force gen 
erating device, already mentioned in connection With the 
partition elements of the ?rst variant of the invention, is 
provided, noW cooperating With the closure. Therefore, all 
above explanations regarding the holding force generating 
device apply analogously to the second variant of the 
invention. 

[0020] The folloWing is a detailed discussion of embodi 
ments of the invention With reference to the draWings. In the 
Figures: 

[0021] FIGS. 1 to 5 illustrate the different operational 
states of a discharge device according to a ?rst embodiment; 

[0022] FIGS. 6 to 9 illustrate the different operational 
states of a discharge device according to a second embodi 
ment; 

[0023] FIG. 10 is a representation of a third embodiment 
of the discharge device, and 

[0024] FIGS. 11 and 12 illustrate different operational 
states of a discharge device according to a another embodi 
ment. 

[0025] FIGS. 1 to 5 illustrate a ?rst embodiment of a 
discharge device 10. The discharge device 10 comprises a 
substantially tubular receptacle 12, the receptacle 12 is 
formed With a substantially cylindrical receiving chamber 14 
With a loWer ?rst end 16 and an upper second end 18. The 
loWer end 16 is provided With a radially oriented relief 
opening 20. Above this relief opening 20, an outlet opening 
22 is provided in the sideWall of the receptacle 12. Both 
openings are communicated through an outlet channel 24. 
This outlet channel 24 terminates in an outlet pipe 26 ending 
above a reaction chamber illustrated at 28. 

[0026] In the present instance, four piston-like partition 
elements 30, 32, 34, 36 of elastomer material are spaced 
from each other in the receiving chamber 14. Reagent 
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volumes 38, 40, 42 exist between adjacent partition ele 
ments. Moreover, a reagent is also present in the region 
betWeen the loWer ?rst end 16 of the receiving chamber and 
the loWermost partition element 30. This reagent volume is 
indicated at 44 in FIGS. 1 to 5. 

[0027] In the initial state of the device 10, illustrated in 
FIG. 1, the loWermost 30 of the partition elements is located 
on the level of the outlet opening 22 closed by this partition 
element 30. Above the partition element 30, there is the 
reagent column With the intermediate partition elements 32, 
34, 36. As indicated at 46, the topmost partition element 36 
is acted upon by a pressure generating unit in the form of a 
plunger adapted to be moved doWnWard. When this plunger 
that is located at the upper second end 18 of the receiving 
chamber 14, is moved toWards the ?rst loWer end 11 of the 
receiving chamber 14, the four partition elements 30-36 are 
also moved doWnWard. In the process, liquid eXits from the 
reagent volume 44 via the relief opening 20 and the outlet 
pipe 26. This process continues until the loWer partition 
element 30 has reached the position immediately beloW the 
outlet opening 22, as illustrated in FIG. 2. Thus, the outlet 
opening 22 is cleared so that reagent may ?oW out from the 
volume 38 through the outlet opening 22 and the outlet 
channel 24. The loWermost partition element 30 is held in its 
position immediately beloW the outlet opening 22 under 
action of a holding force generating device 48 that consists 
of a constriction of the receiving chamber portion betWeen 
the outlet opening 22 and the loWer ?rst end 16. This 
constriction may, for eXample, be realiZed by slightly pro 
truding ribs (not illustrated). As an alternative, it is possible 
for the loWermost partition element 30 to be oversiZed. In 
any case, the goal is that the loWermost partition element 30, 
after having passed the outlet opening 22, is not moved 
further toWards the loWer end 16 due to the static liquid 
pressure accumulated by the pressure generating device 46 
so that reagent liquid may eXit from the outlet opening 22. 

[0028] This process continues until the second partition 
element 32 closes the outlet opening 22 and afterWards 
contacts the loWermost partition element 30, as illustrated in 
FIG. 3. NoW, these tWo partition elements 30, 32 are moved 
together toWards the ?rst end until the partition element 32 
has passed the outlet opening 22 completely and has cleared 
the same (see FIG. 4). NoW reagent may emerge from the 
volume 40. The process described above is repeated in 
correspondence to the number of reagent volumes or parti 
tion elements. In the ?nal state, the situation illustrated in 
FIG. 5 occurs, for eXample. 

[0029] Asecond embodiment of the device 10‘ Will noW be 
eXplained With reference to FIGS. 6 to 9. Individual ele 
ments of the device 10‘ corresponding to those of the device 
10 have been denoted by the same reference numerals. 

[0030] As With the embodiment in FIGS. 1 to 5, the 
receptacle 12 of the device 10‘ is ?lled With a reagent column 
comprised of reagent volumes 38-44 and separating mov 
able partition elements 30-36. The outlet channel 24 is 
designed as a rigid tubule 50 With a ?rst end 52 located in 
the receiving chamber 14 and extending to its other end 
forming the outlet pipe 26 outside the receptacle 12. The 
relief opening 20 is connected With the tubule 50 via a 
communication line 54. The individual partition elements 
30-36 can be penetrated by the tubule 50. 

[0031] In the storage condition, the outlet opening 22 
formed by the end 52 of the tubule 50 is closed by the 
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loWermost partition element 30 and blocked. In this state, 
the reagents can be stored Without the risk of miXing or 
?oWing out. In use, the plunger 46 eXerts a force on the 
uppermost partition element 36 so that the reagent column 
moves toWards the relief opening 20. In doing so, the 
loWermost partition element 30 is “pierced” by the tubule 
until the loWer partition element 30 has moved past the front 
end 52 of the outlet tubule 50, thereby clearing the outlet 
opening 22. NoW reagent may ?oW from the volume 38 
through the outlet channel 24 and be discharged (see FIG. 
7). This process continues until the neXt partition element 32 
contacts the front end 52 of the outlet tubule 50, thereby 
again closing the outlet opening (see FIG. 8). Both loWer 
partition elements 30, 32, Which are noW contacting each 
other, are moved doWnWards together When the plunger 46 
is depressed further, until the situation depicted in FIG. 9 
occurs, Where the upper partition element 32 has moved past 
the end 52 of the outlet tubule 50 so that noW reagent can be 
discharged from the volume 40 through the outlet tubule 50. 
Every time the loWermost partition element 30 is pressed 
doWn, reagent escapes from the volume 44 through the relief 
opening 20. As such, the device 10‘ is functionally analogous 
to the device 10, only the sealing mechanism and the 
clearing mechanism for the outlet opening 22 being differ 
ent. 

[0032] FIG. 10 illustrates a third embodiment of a device 
1“ for sequentially discharging ?oWable reagents. This 
embodiment is almost identical to the one in FIGS. 6 to 9. 
The only difference is that the relief opening 20 is not 
connected With the outlet tubule 50 but opens to the envi 
ronment of the container 12. The volume 44 noW holds gas 
(air) discharged to the environment When the partition 
elements 30-36 are pushed into the region beloW the end 52 
of the outlet tubule 50. 

[0033] FIGS. 11 and 12 illustrate a fourth embodiment of 
a device 10‘" for sequentially discharging ?oWable reagents. 
In this instance, the receptacle 12 is a capillary Whose lumen 
forms the receiving chamber 14. The capillary is open at the 
top and bottom ends 16, 18. The loWer end acts as a relief 
opening 20. 

[0034] Above the loWer end 18, the Wall of the capillary 
is provided With a radial outlet opening 22 ?lled by a 
hydrophilic membrane 54. Adjoining the outlet opening 22 
is the outlet channel 24. Within the capillary 12, a closure 
member 56 is located in the initial state of the device ‘", the 
member covering and thus closing the outlet opening 22 and 
the hydrophilic membrane 54 from inside. Above the closure 
member 56, the reagent volumes 38, 40, 42 are located 
Which are separated by gas bubbles or volumes of hydro 
phobic liquids 58, 50. Using a plunger 36, corresponding to 
the partition element 30 of the previous embodiments, 
hydrostatic pressure may be applied from above to the 
reagent column by means of the rod 46. Due to this pressure, 
the entire reagent column, together With the closure member 
56, moves toWards the bottom end 16 of the capillary 12. 
The doWnWard movement of the closure member 56 con 
tinues until the outlet opening 22 is opened far enough for 
reagent to How through the membrane 54 from the volume 
38 above the closure member and through the outlet channel 
24. Since the membrane 54 is hydrophilic, it alloWs the 
reagent of volume 38 pass. After all reagent has ?oWn from 
volume 38, the loWermost gas or liquid volume 58 arrives in 
the area of the opening 22 and thus the membrane 54. Since 
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the volume 58 is hydrophobic, it cannot pass the membrane 
54. As a consequence, volume 58 travels on at the opening 
22 and the membrane 54 Within the capillary 12 toWards the 
loWer end 16, together With the closure member 56. There 
after, ie after clearing the membrane 54, the same is 
contacted by the reagent of the neXt reagent volume 40, the 
membrane 54 again alloWing the reagent to pass because of 
its hydrophilic properties. In the manner described above, 
the device 10‘" can be used to sequentially dose the reagents 
and avoid miXing thereof. 

1. A device for sequentially discharging ?oWable 
reagents, comprising: 

a receptacle comprising a receiving chamber With tWo 
opposite ends, the receptacle having a relief opening at 
the ?rst end of the receiving chamber, 

a pressure generating unit adapted to be positioned or 
arranged at the receptacle at the second end of the 
receiving chamber, and adapted to build pressure in the 
receiving chamber, 

a reagent column contained in the receiving chamber, 
comprising at least tWo reagent volumes separated by a 
respective partition element, each partition element 
abutting the inside of the receptacle in a sealing manner 
and being slidable into the receiving chamber toWards 
the ?rst end thereof, 

an outlet opening arranged at a branch betWeen the ?rst 
and the second end of the receiving chamber, the 
distance betWeen the outlet opening and the relief 
opening being at least as great as the thickness of the 
?rst partition element betWeen the outlet opening and 
the second end of the receiving chamber, 

a holding force generating unit arranged in the region 
betWeen the outlet opening and the relief opening in the 
receiving chamber, for generating a holding force act 
ing at least on the partition elements Within this region 
of the receiving chamber, Which is great enough to 
cause a high ?oW resistance to the reagents in this 
region that is higher than the resistance occurring When 
the reagents ?oW out from the outlet opening. 

2. The device of claim 1, Wherein the pressure generating 
unit comprises a plunger abutting the inside of the receptacle 
in a sealing manner and being slidable toWards the ?rst end 
of the receiving chamber. 

3. The device of claim 1 or 2, Wherein an outlet channel 
is provided extending outside the receiving chamber and 
being connected to the receiving chamber through the outlet 
opening. 

4. The device of claim 1 or 2, Wherein an outlet tubule 
having an outlet channel is provided, Which eXtends in the 
direction of movement of the at least one partition element 
and eXtends from outside the receiving chamber into the 
same, and Whose end located in the receiving chamber forms 
the outlet opening of the receiving chamber, and Wherein the 
at least one partition element can be pierced by the outlet 
tubule. 
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5. The device of claim 2 or 3, Wherein the relief opening 
is communicated With the outlet channel. 

6. The device of one of claims 1 to 5, Wherein the holding 
force generating unit is a unit increasing the friction of at 
least the loWermost partition element in the area of the outlet 
opening and the relief opening as compared to the remainder 
of the receiving chamber. 

7. The device of claim 6, Wherein the holding force 
generating unit is a constriction in the portion of the receiv 
ing chamber betWeen the outlet opening and the relief 
opening. 

8. The device of claim 6, Wherein the holding force 
generating unit is an enlargement of the loWermost partition 
element making the same Wider than the other partition 
elements. 

9. The device of claim 6, Wherein the increase in friction 
is obtained by a corresponding structure of the contacting 
surfaces of the loWermost partition element and the receiv 
ing chamber. 

10. The device of one of claims 1 to 5, Wherein the 
holding force generating unit is a spring Whose resilience 
acts opposite to the direction of movement of the at least one 
partition element When the pressure generating unit acts 
thereupon. 

11. A device for sequentially discharging ?oWable 
reagents, comprising: 

a capillary comprising a receiving chamber With a ?rst 
and an opposite second open end, 

a pressure generating unit adapted to be positioned or 
arranged at the second end of the capillary, and adapted 
to build pressure in the receiving chamber, 

a reagent column contained in the receiving chamber, 
comprising at least tWo reagent volumes separated by a 
gas volume or a volume With a hydrophobic liquid inert 
to the reagents and substantially immiscible With these, 

an outlet opening arranged in the capillary betWeen the 
tWo open ends and comprising a hydrophilic mem 
brane, 

a closure member slidable in the capillary and, prior to 
being subjected to the effect of the pressure generating 
unit, located betWeen the second end of the capillary 
and the outlet opening, and adapted to be slidably 
moved past the outlet opening toWards the ?rst end of 
the capillary due to the pressure built up by the pressure 
generating unit, and 

a holding force generating unit arranged in the region 
betWeen the outlet opening and the ?rst end of the 
capillary, for generating a holding force acting on the 
closure member, Which is great enough to cause a high 
?oW resistance to the reagents in this region of the 
capillary that is higher than the resistance occurring 
When the reagents ?oW out from the outlet opening and 
the membrane. 
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