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Method of preparing a swallowable capsule comprising a sensor

FIELD OF THE INVENTION

The present invention relates to method of preparing a swallowable capsule or

pill comprising a sensor, e.g. a pH sensor or a sensor for particular ions or molecules, and to a

kit of parts for carrying out such a method. The capsule can be swallowed by a patient and

used for diagnostic purposes or for controllable release of a medicine.

BACKGROUND OF THE INVENTION

Electronically controlled ingestible capsules can be used to provide therapeutic

or diagnostic treatment during traversal of the gastrointestinal alimentary tract. For example,

an ingestible capsule can acquire diagnostic data as it traverses the gastrointestinal tract. If

used for therapeutic treatment the capsule can be provided with an electronically controlled

medicament delivery system. To that end it typically contains a battery, a medicine reservoir,

a medicine dosing and delivering device, such as a pump, and electronic circuitry for

controlling medicine delivery and optionally for two-way communication. The capsule

moves through the intestines by the peristaltic movement of the muscles along the

gastrointestinal tract.

The capsule comprises a sensor, e.g. a pH sensor for determining the location

within the gastrointestinal tract. When the pill passes the pylorus, a pH step of about 3-4 is

made. If the pill is used for controlled medication release this moment can be used as a

trigger for controlled release in the small intestines. The drift velocity in the small intestines

is dependent on the time of day. During or after a meal the intestines are more active than in

between meals. Releasing medication directly after passage through the pylorus delivers the

medication at the beginning of the jejunum releasing 2-3 hours later somewhere at the end of

the jejunum and the beginning of the ileum releasing after 4-5 hours later it delivers the

medication at the end of the ileum. As the value of the pH slowly increases from the

beginning of the jejunum to halfway the small intestines the pH can also be used for

triggering controlled release of medication. When passing through the ileocaecal valve

(valvula Bauhini), the pH drops by 1-1.5 pH. This step can be used for triggering controlled



release of medication at the beginning of the ascending colon. The motility of the large

intestines is less dependent on mealtime and follows its own rhythm.

The pH value can for example be measured by using an electrochemical cell

comprising an indicating electrode whose potential is directly proportional to the pH, a

reference electrode whose potential is independent of the pH, and the liquid to be measured.

The measured voltage is indicative for the pH of the liquid. The system is calibrated by

placing the electrodes in solutions of known pH and measuring the corresponding voltages of

the cell.

The electrodes are placed in a sample of the liquid to be measured. The

voltage is then measured and the pH is determined using the calibration data.

The reference electrode used in pH measurements usually is a silver wire

coated with silver chloride embedded by an electrolyte solution, e.g. of potassium chloride

(KCl). The reference electrode must be in electrical contact with the pH electrode through the

sample. Therefore the container with reference electrode and the electrolyte solution must

communicate electrically with the sample, e.g., via a porous liquid junction, e.g., of ceramic,

wood or plastic which allows ions to pass between the fill solution and the sample.

US 2004/0106849 discloses an electronic pill for diagnostic purposes

comprising an ISFET type pH sensor.

Since the capsule must be swallowable, the capsule must be as small as

possible. Therefore, there is only very limited space for the sensor and its components.

However, the smaller the volume of electrolyte, the more it is susceptible of drying which

limits the shelf life of the capsule.

SUMMARY OF THE INVENTION

The object of the invention is achieved with a kit comprising a swallowable

capsule comprising a potentiometric sensor with an unfilled electrolyte cell wherein the kit

further comprises a separate container containing a liquid electrolyte. This way, the

electrolyte cell in the capsule can be filled only shortly before use. The shelf life of the

capsule is not limited anymore by the drying of the electrolyte and the electrolyte cell can be

made even smaller.

Optionally, the kit further comprises one or more containers comprising buffer

liquids for calibration. This allows calibration of the sensor just after filling the electrolyte

cell and after activation of the capsule.



The capsule, the electrolyte container, and optionally the buffer liquid

containers can be separately packed, e.g., in a single blister packing, optionally having a

breaking line between the part packing the capsule and the rest of the packed parts.

The invention also relates to a method of preparing an electronic capsule with

a potentiometric sensor comprising control circuitry and an electrolyte cell wherein the

electrolyte cell is provided with one or more openings, wherein the cell is first filled via one

or more of the openings with an electrolyte. The capsule can for instance be provided with a

septum, allowing filling of the electrolyte cell by means of a syringe of corresponding

dimensions.

After filling the electrolyte cell a start-up station can be used to activate the

capsule. An automatic calibration procedure can be initiated and optionally the capsule can

be programmed to controllably release a medicament at areas where the measured pH is

within a pre-determined range.

After filling, the capsule can be calibrated by contacting the electrolyte in the

electrolyte cell with a buffer liquid. The calibration can take place in more than one step,

using different buffer liquids.

A start-up station can be used which comprises at least two openings for

receiving the capsule, wherein at least one of the openings is within the scope of electro-

inductive control circuitry for activating the capsule and at least one of the openings is a hole

filled with the liquid electrolyte, the hole being dimensioned to receive the capsule leaving

one or more venting openings free.

In a particular embodiment the electrolyte filled hole in the start-up station can

form the piston chamber of a piston opposite the open end of the hole, the open end being

provided with a sealing ring.

The start-up station can comprise one or more further holes at least partly

filled with respective buffer liquids.

The sensor can for example be based on ISFET (ion sensitive field effect

transistor) technology. An ISFET is a transistor with an electrical source-drain connection

with the area of the gate in contact with the fluid to be measured. If the ISFET is used as a pH

sensor, the surface of the source drain area is covered with an H+ sensitive coating. If the

ISFET is used as a sensor for another type of ion or molecule, the source drain area is coated

with a layer that is specifically sensitive for these particular ions or molecules.

The reference electrode can for instance be a silver wire or platelet coated with

silver chloride.



In order to contact the electrolyte with the direct environment, the electrolyte

cell can be provided with one or more openings or one or more frit windows, e.g. of a porous

ceramic and/or polymeric material.

The electrolyte can for instance be a saturated potassium chloride gel or

solution, e.g., a potassium chloride solution in water with a thickener, such as starch. The

composition can be made biologically inactive by adding a sterilizing agent.

The capsule can be part of a system comprising a start-up station, to calibrate

the sensors and program the release profile of the medication as a function of time, place

and/or sensory input.

The capsule can be provided with a transceiver, e.g. a transceiver that operates

in the MICS band (402-405 MHz), the 433 HHz band or even at a much lower frequency

(e.g. several 100 KHz) and has a reach of at most a few meters. The capsule can be arranged

to communicate with a portable device arranged to communicate with a base station that is

located near the patient with e.g. an infrared link, WiFi, Bluetooth, Zigbee. Such a base

station can be a PDA, for instance. Optionally, the base station or the portable unit

communicates with the doctor, the pharmacy, the caregiver or a researcher, e.g., via the

Internet.

Besides the pH sensor, the capsule can also be provided with a temperature

sensor, such as a digital temperature sensitive IC and/or a MEMS (miniature electro-chemical

system) pressure transducer. Optionally, the capsule can comprise other types of sensors, e.g.,

biosensors.

The capsule can be used for medicinal or veterinary purposes. For human

patients the capsule will preferably be pill-shaped and not be larger than about 2 - 3 cm with

a diameter of about 1 cm or less.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be elucidated with reference to the figures wherein:

Fig. 1 shows in perspective cross section a capsule for use in a kit and a

method according to the present invention;

Fig. 2 shows schematically a start-up station for use in a method according to

the present invention;

Fig. 3 shows a blister packing comprising a pill for use with the start-up

station of Fig. 2;

Fig. 4 shows a cross section of the start-up station of Fig. 2 in use;



Fig. 5 shows in cross section device for preparing a capsule with a method

according to the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

Fig. 1 shows in perspective a cross section of an electronic pill 1 with a

housing 2 encasing a sensor assembly 3, a battery 4, electronic circuitry 5, including

transceiver circuitry, start-up circuitry and an antenna, a stepper motor 6 for powering a

driving mechanism 7 which drives a piston 8 for dosing medicament present in a medicament

reservoir 9, which can be dispensed via dispensing hole 10.

The sensor assembly 3 comprises a cell 3 1 for containing an electrolyte gel.

Located in the electrolyte cell 3 1 is a reference electrode 32. Electrolyte in the cell 32 is in

contact with the environment via a frit window 33 of a porous ceramic, glass or polymeric

material. Via an opening 34 in the housing 2, an ISFET 35 is in contact with the environment

with its source drain surface. The housing 2 is provided with a septum 36 for filling the

electrolyte cell 31, e.g., by means of a syringe. Overflow and venting openings (not shown)

can be provided in the housing adjacent the electrolyte cell to allow easy filling of the cell 31.

A particular embodiment of a system for preparing an electronic pill is shown

in Figs. 2, 3 and 4 . Fig. 2 shows a start-up station 40 having a start-up opening or hole 4 1 for

receiving an electronic pill, an opening 42 for receiving an electrolyte container, and

calibration openings or holes 43 for receiving containers with pH buffer liquids.

Fig. 3 shows schematically a blister packaging 44 packing an electronic pill

45, a container 46 for an electrolyte gel, and two containers 47 containing pH buffers. The

blister 44 has a breaking line allowing the pill 45 to be handled separately from the containers

46, 47. After unpacking the pill 45, it is inserted in the start-up opening 41. This opening 4 1

is partly surrounded by electronic start-up circuitry, such as a start-up coil. The electrolyte

container 46 and the pH buffer containers 47 are also unpacked and inserted in the openings

42 and 43 respectively, as shown in Fig. 4 showing the start-up station 40 in cross section.

The container 46 comprising the electrolyte gel is provided with a sealing ring 48 along the

edge of its open side. The ring 48 serves to seal against the electronic pill 45 when it is

inserted in the container 47, to prevent leakage of electrolyte gel. The bottom of the opening

42 for the electrolyte container 46 is formed by a piston 49 to press the electrolyte container

upwards, forcing the electrolyte gel to enter the electrolyte cell of the pill 45 via one or more

openings, which are optionally provided with a no-return valve. The pill is provided with



venting openings (not shown) located in such a way that these are not immersed in the

electrolyte gel when the pill 45 is inserted in the container 46.

After filling the electrolyte cell of the pill 45, the pH sensor of the pill 45 is

inserted in the pH buffer liquids for calibration. After calibration, the pill deactivates itself

automatically. The pill 45 is ready for use and can be programmed with a prescribed

dispensing profile. If the pill 45 is to be used at a later moment, the openings in the

electrolyte cell of the pill 45 can temporarily be covered to avoid evaporation of the

electrolyte gel, e.g., with a sticker or a paste which easily dissolves in the stomach

environment.

Fig. 5 shows a syringe 50 forming a microfluidic system. The syringe 50

comprises a piston 51, which can be hand-driven and a series of separate compartments.

Starting from the end of the syringe opposite the end receiving the piston, the compartments

include a first compartment 52 containing an electrolyte gel, a second compartment 53

containing a flushing fluid, a third compartment 54 containing a pH buffer, a fourth

compartment 55 containing a flushing fluid, and a fifth compartment 56 containing a second

pH buffer having a pH different from the pH of the first pH buffer. The compartments 52 -

56 are separated by thin membranes and can be pushed forward by means of the piston 51.

To prepare a pill for use, the syringe 50 is placed in a slot of a start-up station. The end of the

syringe 50 is closed off by a seal 57 which is broken by inserting a pill 45. The electrolyte gel

in the first compartment 52 is pressed into the electrolyte cell of the pill 45. Subsequently, the

pill 45 is activated by the start-up station, receiving commands to perform a calibration

autonomously. The syringe 50 presses the second compartment 53 onto the pill 45 until the

membrane breaks and the pill is flushed by the flushing fluid. Moving the piston 51 further,

the pill 45 is contacted with the first pH buffer and the first calibration is carried out. When

the piston 5 1 is moved further, the membrane of the second flushing fluid compartment 55

breaks and the pill 45 is flushed again. Finally, the piston 5 1 pushes the final compartment 56

with the second pH buffer over the pill 45 and the second calibration is carried out.

Optionally, the piston 51 of the syringe 50 can be driven by a tool, such as a

screw rod driven by a controllable electrical motor. That way, the filling step and the

calibration steps can be carried out automatically.

The described embodiments of the present disclosure are intended to be

illustrative rather than restrictive, and are not intended to represent every embodiment of the

present disclosure. Various modifications and variations can be made without departing from



the spirit or scope of the disclosure as set forth in the following claims both literally and in

equivalents recognized in law.



CLAIMS:

1. Kit comprising a capsule (1, 45) comprising a potentiometric sensor (3) with

an unfilled electrolyte cell (31) wherein the kit further comprises a separate container (46)

containing a liquid electrolyte.

2 . Kit according to claim 1 wherein the sensor (3) is a pH sensor.

3 . Kit according to claim 1 or 2 wherein the kit further comprises one or more

containers (47) comprising buffer liquids for calibration.

4 . Kit according to anyone of the preceding claims wherein the capsule, and the

electrolyte container are separately packed in a single blister packing (44).

5 . Method of preparing a swallowable capsule (1, 45) comprising a

potentiometric sensor (3) comprising an electrolyte cell (31) wherein the capsule is packed

separately from an electrolyte and wherein after unpacking the capsule the electrolyte cell

(31) is filled with the electrolyte.

6 . Method according to claim 5 wherein after filling the electrolyte cell a start up

station (40) activates the capsule.

7 . Method according to claim 6 wherein after filling the capsule is calibrated by

contacting the electrolyte in the electrolyte cell (31) with a buffer liquid.

8. Method according to claim 7 wherein the calibration step is repeated for one or

more additional buffer liquids.

9 . Start-up station (40) for use in a method according to any one of the preceding

claims 4 - 7 wherein the start-up station comprises at least two openings for receiving a

capsule, wherein at least one of the openings (41) is within the scope of electro-inductive



control circuitry for activating the capsule and at least one of the openings (42) is a hole for

containing the liquid electrolyte, the hole being dimensioned to receive the capsule leaving

one or more venting openings free.

10. Start-up station according to claim 9 wherein the electrolyte filled hole (42)

forms the piston chamber of a piston (49) opposite the open end of the hole, the open end

being provided with a sealing ring (48).

11. Start-up station according to claim 10 wherein the station comprises one or

more further holes (43) at least partly filled with respective buffer liquids.
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