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(57) Abstract: The present invention relates to an apparatus, buffer solutions and a method for p H control of in vitro dissolution
tests used to monitor the drug release rate from solid unit dosage forms which are used to predict their in vivo effects or for quality
control purposes. In particular the present invention relates to a method of preparing a continuous condition and a clear bicarbonate ion
based solution for in vitro dissolution testing of pharmaceutical products comprising a) providing a solution (solution A) to create a test
condition b) exposing a solid unit of a test pharmaceutical product to solution A for a pre-determined time period ¢) adding one or more
solutions to solution A to change the test condition to solution F, wherein the solutions are selected from the following: i) an aqueous
alkaline solution comprising a base which accepts protons from any proton donor and/or at least partially releases hydroxide ions in an
aqueous environment (solution B); ii) an aqueous solution of one or more inorganic salts which at least partially dissociate into ions
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of phosphate, potassium, sodium, chloride, calcium and magnesium (solution C): iii) an aqueous solution comprising bicarbonate ions
(solution D); iv) a solution comprising lipids and bile salts (solution E). In particular the present invention also relates to an enclosure
device (10, 110) for use in the provision of p H control and stabilisation to a bicarbonate based solution used in the in vitro dissolution
testing of pharmaceutical products comprising a plate (11) attached to a ring-shaped chamber (14) comprising a hollow cavity (16)
wherein the plate (11) comprises at least one aperture (26) that extends through the entire thickness of the plate, the at least one aperture
(26) being configured to be connected at one end thereof to at least one supply of gas and at the other end to connect into the hollow
cavity (16) of the ring-shaped chamber and wherein a plurality of orifices (20) extend from the hollow cavity (16) in the direction away
from the plate (11) through the entire thickness of the ring-shaped chamber (14).
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APPARATUS, BUFFER AND METHOD FOR PH CONTROL

FIELD OF THE INVENTION
The present invention relates to an apparatus, buffer solutions and a method for pH control
of in vitro dissolution tests used to monitor the drug release rate from solid unit dosage

forms which are used to predict their in vivo effects or for quality control purposes.

BACKGROUND

Medications that are intended to be taken orally are commonly made into solid units
(dosage forms/formulations) such as tablets, capsules, granules and pellets. When these
solid units reach the gastrointestinal tract, they often disintegrate and release the active
drug content into the gastrointestinal fluid to be absorbed into the systemic circulation. The
rate at which the active drug is released from the solid dosage form can determine how
quickly the drug is absorbed and start its therapeutic effect. This rate is dependent on
many factors including the physiochemical properties of the drug (e.g. solubility and
particle size), the formulation that carries the drug and the physiological conditions of the
gastrointestinal tract (e.g. gastric emptying time, pH, buffer capacity and fluid volume).
The formulations that carry active drugs can be divided into two major types; the first type
provides immediate drug release where the drug is typically released from the solid unit
and dissolves in the stomach fluid and the second type modifies the drug release rate.
The second type can be pH-dependent depositing the drug in a particular region of the
gastrointestinal tract or pH-independent providing controlled, sustained, extended, or slow
drug release throughout the gut.

In vitro dissolution tests are used to monitor the drug release rate from such solid unit
dosage forms to predict their in vivo effects or for quality control purposes. Different in
vitro models and apparatus are used to determine drug release rates from solid unit
dosage forms and include the Dynamic Gastric Model and the TNO gastro-intestinal model
(TIM). However, the most common tests use simplified apparatus as set out in the United
States Pharmacopeia (USP) specifications, namely USP-I (rotating basket), USP-II
(paddle), USP-III (reciprocating cylinder) and USP-IV (flow-through) apparatus.

The types of media that are used in the dissolution apparatus have an impact on the drug
release rate obtained. The most commonly used dissolution media includes water, 0.1 M
HCI and simple phosphate based buffer solution. To better simulate the conditions of the
gastrointestinal fluid, biorelevant media are used such as Simulated Gastric Fluid (SGF)

and Simulated Intestinal Fluid (SIF). These types of media can mimic the conditions of
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the fasted and fed state of the stomach and intestine and as such they can take into
account the pH, buffer capacity, osmolality, surface tension, lipid and bile salt content of
the gastrointestinal tract.

Another aspect of the dissolution media is the buffer species used. Research has shown
that different buffer species in the dissolution media can have an impact on the drug
release rate, in particular for ionisable drugs (which are either weakly acidic or weakly
basic) and drug releases from formulations that have a pH-dependent coating applied to
them. The principle buffer species in the human intestinal fluid is bicarbonate which is
secreted from epithelial cells and glands to neutralize acidic gastric juices. However, in
such in vitro testing phosphate buffers tend to be most commonly used as the dissolution
media. Even in the above mentioned biorelevant media, the buffer species used tend to
be acetic or maleic acid based.

The key to a buffer system for in vitro dissolution testing is to mimic the physiological
conditions of the gastrointestinal fluid with the right balance of ionic composition. J Hanks
created a balanced salt solution (Hanks solution) which simulates the inorganic salt
composition of mammalian cells. Hanks solution is primarily buffered with bicarbonate to
give the pH control. Another similar physiological solution is the Krebs-Henseleit (KH)
Buffer which contains a higher bicarbonate concentration and a higher buffer capacity.
When such physiological bicarbonate buffers are used for in vitro dissolution testing though
they cannot control a stabilised pH, this is due to the loss of carbon dioxide to the
atmosphere which increases the pH of the solution. One method used to provide this pH
stabilisation for dissolution testing is the complete sealing of the apparatus system and
applying an oil layer on top of the media solution. WO 2013/164629 (Merchant et al) sets
out another method of alternately purging CO2 and an inert gas into the solution to control
the pH. However, purging gases directly into the dissolution media changes
hydrodynamics of the test conditions and creates foaming when the media is mixed with
lipids and bile salts which are used to create a biorelevant media.

When testing the drug release from solid units that are surrounded by a pH-dependent
coating, a two-stage approach is usually required; the first stage simulates the stomach
pH (pH 1-2), commonly using 0.1 M HCI and the second stage mimics the intestinal pH
conditions (pH 6-8). Such two-stage tests can also be adapted for testing ionisable
compounds in controlled release formulations. When physiological bicarbonate solutions
are used for in vitro dissolution testing, however, they require a complete disposal of the
media that is used for the first stage testing and the test samples need to be transferred to

a second media containing the bicarbonate salt for the second stage testing. This is labour
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intensive, time consuming and impractical in particular when testing the drug release from
solid units in a multi-particulate form such as pellets, granules, microparticles,

microspheres and micropellets that are often beneficial for children and older patients.

SUMMARY OF THE INVENTION

According to the first aspect of the present invention there is provided a method of
preparing physiological bicarbonate solutions for in vitro dissolution testing of
pharmaceutical products such that a phase transfer is not required. The test is conducted
in two stages (e.g. an acid stage and a buffer stage) whilst the product remains in a single
compartment or vessel. The acidic solution used in the acid stage is typically an aqueous
solution of hydrochloric acid which is neutralised to a near neutral or a slightly basic pH to
create the second (buffer) stage. The buffer stage utilises bicarbonate as the main
buffering species for pH control and mimics the conditions of the human intestinal fluid in
terms of the balanced ionic composition and the content of lipids and bile salts. The
method used in this invention prevents the precipitation of certain salts during the transition
from the acidic solution to the buffer solution which often occurs during the production of
the balanced salt solution to simulate the ionic composition of the intestinal fluid. It also
minimises the loss of the bicarbonate species in the aqueous solution prior to the
commencement of the dissolution testing.

The first aspect of the invention involves the creation of a continuous condition and a clear
bicarbonate ion based solution for in vitro dissolution testing of pharmaceutical products.
The test is conducted in two stages (e.g. an acid stage and a buffer stage) while the
product remains in a single compartment or vessel. In one aspect of the invention, an
acidic solution (solution A) typically made of aqueous solutions of hydrochloric acid (as
known in the area of art) is held in a compartment or container typically made of glass or
other non-reactive material. The pH of such an acidic solution is preferably in the range
of 0.5 — 4.5 which is dependent on the concentration of the acid. Preferably, the pH is in
the range of 1-3 and most preferably 1-2. Solution A preferably simulates the in vivo
conditions of human stomach both in the fasted state and the fed state in terms of ionic
composition and lipid content.

After exposure of the solid unit of the test pharmaceutical product in solution A for a pre-
determined time period, various other solutions are then added to solution A to change the
test condition to mimic the in vivo conditions of the small intestine in terms of ionic

composition and lipid content. These solutions include:
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Solution B: An alkaline solution containing a certain concentration of a base which accepts
protons from any proton donor and/or completely or partially releases hydroxide ions in an
aqueous environment. Solution B is preferably made by dissolving sodium hydroxide and
other hydroxides of the alkali metals and alkaline earth metals including lithium, potassium,
magnesium and calcium in water.

Solution C: A solution containing inorganic salts dissolved in water which completely or
partially dissociate into ions of phosphate, potassium, sodium, chloride, calcium and
magnesium. Examples of suitable inorganic salts include sodium chloride, potassium
chloride, magnesium sulfate, calcium chloride, sodium phosphate dibasic, potassium
dihydrogen orthophosphate, sodium phosphate tribasic and sodium dihydrate phosphate.
Solution D: A solution containing bicarbonate ions in aqueous solution. Solution D is
preferably made by dissolving salts of carbonic acid in water. Examples of suitable salts
include lithium carbonate, lithium hydrogen carbonate, sodium carbonate, sodium
hydrogen carbonate (sodium bicarbonate), trisodium hydrogendicarbonate, potassium
carbonate, potassium hydrogen carbonate (potassium bicarbonate), magnesium
carbonate, magnesium hydrogen carbonate (magnesium bicarbonate), calcium carbonate,
calcium hydrogen carbonate (calcium bicarbonate), iron carbonate, aluminium carbonate,
ammonium carbonate, ammonium bicarbonate.

Solution E: A solution containing lipids and bile salts that can typically be found in the
human gastrointestinal fluids. Examples of suitable lipids and bile salts include lecithins,
phospholipids, cholic acid and its salts, glycocholic acid and its salts, taurocholic acid and
its salts, deoxycholic acid and its salts, chenodeoxycholic acid and its salts,
glycochenodeoxycholic acid and its salts, taurochenodeoxycholic acid and its salts, and
lithocholic acid and its salts.

In one alternative, solution B is added into solution A before the other solutions are
introduced.

In another alternative, solutions C and D are mixed together prior adding into solution A.
Preferably, the said bicarbonate or carbonate salts used in solution D are added into
solution C as a powder and dissolved just before the solution is added to solution A.

In another alternative, solutions C, D and E are mixed together prior adding into solution
A. Preferably, the lipids and bile salts of solution E are added to solution C as a powder
and dissolved (mixture of solutions C and E) then the said bicarbonate or carbonate salts
used in solution D are added into this mixture of solution C and E as a powder and
dissolved just before the final mixed solution is added to solution A. In an alternative, only

solutions B, C and D are added into solution A.
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The resulting solution (solution F) obtained from adding the various solution combinations
set out above to solution A simulates the ionic and lipid conditions of the human intestinal
fluid. The pH of solution F is preferably in the range of 5-8 which reflects the inter- and
intra-individual variations in human intestine and the gradual changes in intestinal pH from
the proximal intestinal (duodenum) to the distal intestine (ileum) and further to the large
intestine (colon).

According to a second aspect of the present invention there is provided an apparatus
which is used to pH stabilise the bicarbonate-based media which will not create bubbles
in the solution and as such is compatible with lipids and bile salts for biorelevant testing.
The second aspect of the invention involves an apparatus which can provide pH control
and stabilisation to a bicarbonate based solution for use in the in vitro dissolution testing
of pharmaceutical products. The bicarbonate based solution can be solution F as
described above or any other preferably freshly prepared solution containing bicarbonate
ions as the primary or partial buffer specie with or without the addition of lipids and/or bile
salts as would be found in a bio-relevant dissolution media. The apparatus comprises a
compartment, container or vessel which is configured to contain the bicarbonate solution.
The compartment is configured to be enclosed with an enclosure device that partially
isolates the gas environment in the compartment with the surrounding atmosphere,
however, still allowing leakage of gas into the atmosphere when the gas pressure within
the container is higher than the atmosphere pressure.

In one aspect of the invention, the above said enclosure device comprises a plate attached
to a ring-shaped chamber which is completely or partially hollow inside. The plate contains
at least one aperture and preferably two or more apertures that extend through the entire
thickness of the plate. Each aperture is configured to be connected to a supply of gas at
one end thereof, preferably this is achieved by connecting a tube preferably made of metal
(e.g. stainless steel or copper) or other suitable materials as known in the art into each of
the apertures provided. Preferably the diameter of each of the tubes is 1-10 mm and
preferably 1-5 mm. The tube is connected to the supply of a gas which, when dissolved
into the bicarbonate solution, will increase or decrease the pH. In an alternative where a
single aperture is provided a t-junction may be provided which splits. The other end of the
apertures connect either directly or through a channel into the hollow cavity in the ring-
shaped chamber. At the bottom of the ring-shaped chamber (opposite to the plate), a
plurality of orifices are made through the entire depth thereof. The distance between each
of the orifices is in the range of 1-150 mm and preferably 1-50 mm and most preferably 5-

20 mm. The diameter of each of the orifices is 0.1-2 mm and preferably 0.5-1.5 mm. The
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angle at which each of the orifices passes through the bottom of the ring-shaped chamber
is in the range of 45-90° in reference to the surface of the liquid (dissolution media) in the
dissolution compartment. The orifices can be unidirectional (such as all in 90° angle in
reference to the surface of the liquid) or in multiple-directions with mixed angles from 45-
90° in reference to the surface of the liquid.

Preferably the above mentioned ring-shaped chamber is in the shape of a circle or an oval.
The diameter of a circular shape or the length of the longest side of an oval shape is
preferably 50-150 mm, more preferably 50-135 mm and most preferably 80-120 mm. The
length of the shortest side of an oval shape is preferably 20-100 mm and more preferably
30-80 mm. The height of the ring-shaped chamber is the distance between the bottom of
the chamber to the maximum height of the liquid in the dissolution compartment. Such
distance is in the range of preferably 1-50 mm and more preferably 5-20 mm. In one
aspect of the invention, the chamber is attached to the base plate and the chamber is
completely hollow inside. The gas is supplied through the aperture on the base plate
directly into the hollowed cavity in the chamber. In another aspect of the invention, the
chamber is attached to the base plate and the chamber is partially hollow inside. The gas
is supplied through the aperture on the base plate through a channel into the hollowed
cavity in the chamber. The diameter of the hollowed cavity in the chamber is in the range
of preferably 1-50 mm and more preferably 5-20 mm.

In another aspect of the invention, the above mentioned ring-shaped chamber is attached
to the base plate at 2-3 points where the apertures on the base plate locate. The
connections are made through vertical tubes (at 90° angle to the base plate) of diameters
of preferably 1-10 mm and more preferably 1-5 mm. In this aspect of the invention, the
chamber is completely hollow inside and connected via the vertical tubes to the base plate.
The gas is supplied through the aperture on the base plate and then passes through each
of the vertical tubes to reach the hollowed cavity in the chamber. The diameter of the ring-
shaped chamber in this aspect is in the range of preferably 1-50 mm and more preferably
5-20 mm.

Preferably the material of the base plate and the chamber is acrylic glass or any other inert
and non-reactive material as known in the art. The base plate and the above said chamber
are connected by heat-shrink techniques known to the art, for example through a spigot
which connects to the base plate through a lip and which is designed to fit tightly to the
chamber. In another aspect of the invention, the base plate and the chamber are
manufactured as a single unit avoid the need of the spigot and the lid, such manufacture

as a single unit may for example be through the use of 3D printing techniques.























































































