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Emergency Interventions of Active Charcoal with Dabigatran etexilate Overdosing

The invention relates to a method for treating an overdosing with active substance dabigatran

ctexilate of formula 1

NH
r CY
N NN
‘/\/ \|(\N 07 o CH,
EtO\”/\/N | X
O N. ~

1

optionally in the form of the pharmaceutically acceptable salts thercof, comprising the

administration of an effective amount of charcoal.

Background to the invention

The compound of formula 1 is known from the prior art and was first disclosed 1n WO9&/37075.
It is a potent thrombin inhibitor which can be used for example for the post-operative prevention
of deep vein thromboses and in stroke prevention, particularly for preventing strokes in patients
with atrial fibrillation. WQ 03/074056 discloses the methanesulphonic acid addition salt of

dabiagtran-ctexilate (ie: dabigatran etexilate methansulphonate) to be particularly useful.

The compound is usually administered orally. In particular, so-called pellet formulations may be
used, as disclosed for example in WO 03/074056. These formulations are compositions 1in which
an active substance layer containing binder and optionally separating agent 1s applied to a
substantially spherical core material that consists of or contains a pharmaceutically acceptable
organic acid. The core layer and the active substance layer are separated from one another by a

so-called isolating layer. The schematic structure of an active substance formulation of this kind
1s shown in Figure 1 of WO 03/074056.

Dabigatran etexilate (I) is a prodrug, which is rapidly converted in vivo to the active moiety

dabigatran (compound of formula II), a potent, direct thrombin inhibitor.
NH
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1.¢., dabigatran etexilate 1s only converted into the compound which 1s actually effective, namely

dabigatran, in the body.

This drug 1s currently being tested for stroke prevention in patients with atrial fibrillation (SPAF)
and 18 administered over longer time periods 1n these patients as warfarin replacement. Due to
risks for bleeding complications under chronic anticoagulant treatment, there may be a need for

emergency neutralization of the drug.

It 18 the objective of the mvention 1n hand to provide for a suitable method for the emergency

necutralization of dabigatran etexilate, in particular in case of overdosing.

Detailed description of the invention

The mstant invention 1s directed to a possible solution of the atforementioned problem.
The mvention relates to a method for treating an overdosing with active substance dabigatran

etexilate of formula I
NH

‘ AN
OY s
Eto\ﬂ/\/N

|

O N~

CH NH
N N NN
XY Y\N o)\o CH,
|N H

/)

1

optionally 1n the form of the pharmacecutically acceptable salts thereof, comprising the

administration of an etfective amount of charcoal.

The mvention relates to a method for the neutralzation of dabigatran etexilate in the stomach of a
patient wherein an effective amount of active charcoal 1s administered orally to a patient in need
thercof. The effective amount of active charcoal 1s usually 1n a range of 20 - 130 g, preferably

the range of 50 - 100g. The amount of charcoal used depends on the degree of overdosing.

Dabigatran etexilate 1 1s a double prodrug of dabigatran, the compound of Formula (1I)
NH

/\)J\NHZ
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1.¢., dabigatran ctexilate 1 1s only converted into the compound which 1s actually effective,

namely dabigatran 11, in the body.

In another embodiement the invention relates to a method for the neutralization of dabigatran 11
in the the blood plasma, the method comprising purification of the blood plasma of the patient
over active charcoal. The absorption of overdosed dabigatran II from the blood plasma could be

performed via hemoperfusion over a charcoal filter.

The surprisingly high degree of absorption of dabiagtran etexilate and dabigatran to charcoal was
verified 1n the experiment described herem below. In these experiments, binding of dabigatran
ctexilate to active charcoal 1n water stmulates recent ingestion (2-5, preferably 2-3 hrs) of large
amounts of dabigatran ctexilate in the stomach fluid. Binding of dabigatran to active charcoal 1n
plasma simulates situations where dabigatran was absorbed after ingestion and present 1n high

concentrations 1n plasma.

In the following section a method for the manufacture of dabigatran dosage forms and the dosage

form thus obtained are described.

The process for the manufacture of the pharmaceutical compositions used in the mentioned
clinical trials 1s characterised by a series of partial steps. First, the core 1 1s produced from
pharmaceutically acceptable organic acid. Within the scope of the present invention tartaric acid
1s used to prepare the core 1. The core material 1 thus obtained is then converted into so-called
1solated tartaric acid cores 3 by spraying on an 1solating suspension 2. A dabigatran suspension
4 prepared subsequently 1s sprayed onto these coated cores 3 1n one or more process steps by
means of a coating process. Finally, the active substance pellets S thus obtained are then packed

into suitable capsules.

Determining the particle sizes of tartaric acid by air jet screening

Mceasuring device and settings:

Measuring device:  Airjet screen, €.g. Alpme A 200 LS

Screens: As required
Weight put in: 10g/screen
Duration: 1 min/screen, then 1 min each up to the maximum weight loss of 0.1¢

Preparation of sample / supply of product:

The substance 1s transferred 1nto a mortar and any lumps present are destroyed by intensive
pounding. The screen with rubber seal and cover 1s placed on a balance, set to zero and 10.0 g of

the pounded substance are weighed onto the screen.
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The screen together with 1ts contents, rubber seal and cover are placed on the device. The timer
1s set to 1 minute and the material 1s treated by air jet screening for this time. Then the residue 1s
welghed out and documented. This process 1s repeated until the decrease i the weight of the

residue after air jet screening 18 < 0.1 g.

Example 1 - Preparation of the Starter Pellets
480 kg water are heated to 50°C and 120 kg of acacia (gum arabic) are added with stirring 1n a

conventional mixing container having a dished end and stirrer. Stirring 18 continued at constant
temperature until a clear solution 1s obtained. Once there 18 a clear solution (usually after 1 to 2
hours) 600 kg tartaric acid are added with stirring. The tartaric acid 1s added at constant
temperature while stirring 1s continued. After the addition has ended the mixture 1s stirred for

about another 5 to 6 hours.

1000 kg tartaric acid are added to a slowly rotating (3 revolutions per minute) unperforated
horizontal pan with a spraying and powder applymg unit (e.g. Driamat 2000/2.5). Before
spraying starts, a sample of the acid 1s taken for screening analysis. The acid in question 1s
tartaric acid particles with a particle size 1n the range from 0.4-0.6 mm.

The acid rubber solution obtained by the above method is sprayed onto the tartaric acid particles
thus provided. During the spraying, the quantity of air supplied 1s adjusted to 1000m?/h and 35°-
75°C. The differential pressure 1s 2 mbar and the speed of rotation of the pan 1s 9 revolutions per

minute. The nozzles should be arranged at a distance of 350 — 450 mm from the filling.

The acid rubber solution 1s sprayed on by alternating with the following steps. After about 4.8
kg of the acid rubber solution has been sprayed onto the tartaric acid particles of particle size
0.4-0.6 mm and the solution has been distributed, about 3.2 kg tartaric acid powder are sprinkled
onto the damp tartaric acid particles. The tartaric acid powder in question consists of fine tartaric
acid particles with a particle size of < 50 microns. In all, 800 kg tartaric acid powder are
required. After the said tartaric acid powder has been sprinkled on and distributed the spray
material 1s dried until a product temperature of about 40°C 1s reached. This 1s 1n turn followed

by the spraying on of the acid rubber solution.

These cycles are repeated until the acid rubber solution 1s used up. Once the process has ended
the acid pellets are dried 1n the pan at 3 rpm for 240 minutes. To prevent caking after the drying
has finished, an intermittent program 1s run at 3 rpm for 3 minutes every hour. In the present
instance this means that the pan 1s rotated at 3 rpm for 3 minutes at intervals of one hour and
then left to stand. The acid pellets are then transferred into a dryer. They are then dried at 60°C
over a period of 48 hours. Finally, the particle size distribution 1s determined by screen analysis.
The particle size with a diameter of 0.6 — 0.8 mm corresponds to the product. This fraction
should make up >85%.
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Example 2 - Isolation of the Starter Pellets
To prepare the 1solating suspension, 666.1 (347.5) kg of cthanol are placed 1n the mixing

container and the hydroxypropylmethylcellulose (33.1 (17.3) kg) 1s added with stirring at approx.
600 rpm and dissolved. Then under the same conditions 0.6 (0.3) kg dimeticone are added.
Shortly before use, talc (33.1 (17.3) kg) 1s added, again with stirring, and suspended.

The acid pellets 1200 (600) kg are poured into the coating apparatus (e.g. GS-Coater Mod.
600/Mod. 1200) and sprayed therein 1n the rotating pan with the i1solating suspension described
above 1n a continuous spraying process lasting several hours at a spraying rate of 32 kg/h for the
1200 kg mixture or 21 kg/h for the 600 kg mixture. The pellets are also dried continuously with
an air supply at up to 70°C.

After the GS-Coater has been emptied, the 1solated starter pellets are fractionated by screening.

The product fraction with a diameter <1.0 mm 1s stored and used further.

Example 3 - Preparation of the dabigatran etexilate suspension
26.5 kg hydroxypropylcellulose are added to 720 kg 1sopropanol in a 1200 litre mixing container

fitted with a propeller stirrer and the mixture 1s stirred until fully dissolved (about 12 - 60 hours;
roughly 500 rpm). Once the solution 1s clear, 132.3 kg of dabigatran ctexilate
methanesulphonate (polymorph 1) are added with stirring (400 rpm) and the mixture 1s stirred
for about another 20-30 minutes. Then 21.15 kg of talc 1s added at a constant stirring rate and
stirring 18 continued at the same speed for about another 10-15 minutes. The steps described

above are preferably carried out under a nitrogen atmosphere.

Any clumps formed are broken up by homogenising using an UltraTurrax stirrer (about 60-200
minutes). The suspension temperature should not exceed 30°C throughout the entire

manufacturing process.

The suspension 1s stirred until ready for further processing to ensure that no sedimentation

occurs (at roughly 400 rpm).

If the suspension 1s stored at below 30°C, 1t should be further processed within at most 48 h. If
for example the suspension 1s manufactured and stored at 22°C, 1t may be further processed
within 60 hours. If the suspension 1s stored for example at 35°C 1t should be further processed
within at most 24 h.
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Example 4 - Preparation of the dabigatran etexilate active substance pellets
A horizontal pan with an unperforated container 1s used (GS Coater Mod. 600). In contrast to

the fluidised bed method, the suspension is sprayed onto the fluidised bed of pellets 1n the
rotating pan by the "top spray"” method. It 1s sprayed on through nozzles 1.4 mm in diameter.
The dry air 18 passed into the bed of pellets through so-called immersion blades and transported

away through an opening 1n the back wall of the coater.

The horizontal pan 1s charged with 320 kg of the tartaric acid pellets obtained according to
Example 2 and the bed of pellets 1s heated up. Once a product temperature of 43 °C has been
reached, spraying begins. 900 kg of the suspension prepared previously according to Example 3
arc sprayed on, first of all for 2 h at a spraying rate of 20 kg/h, then 24 kg/h and a spray pressure
of 0.8 bar. The suspension 1s stirred constantly. The temperature of the air supplied 1s at most
75°C. The amount of air supplied is about 1900 m’/h.

Then the pellets are dried in the horizontal pan (5 revolutions per minute) at an air inflow
temperature of at least 30°C, at most 50°C and an air inflow amount of 500 m’/h over a period of

about 1-2 hours.

325 kg of the pellets thus obtained are then loaded once more into a horizontal pan and heated to
43°C. 900 kg of the suspension prepared previously according to Example 3 are sprayed on, first
of all for 2 h at a spraying rate of 20 kg/h, then 24 kg/h and a spray pressure of 0.8 bar. The
suspension 1s stirred constantly. The temperature of the air supplied 1s at most 75°C. The

amount of air supplied is about 1900 m’/h.

Then the pellets are dried in the horizontal pan (5 revolutions per minute) at an air inflow
temperature of at least 30°C, at most 50°C and an air inflow amount of 500 m’/h over a period of

about 1-2 hours.

The dried pellets are then passed through a vibrating screen with a mesh size of 1.6 mm and

stored 1n containers with desiccants until needed for further processing.

The following capsules were prepared based on the pellets obtained according to the process

described above:

Component [mg] per capsule [mg] per capsule
Dabigatran ctexilate methanesulfonate 86.48" 126.83

Acacla (gum arabicum) 4.43 6.50

Tartaric acid 88.56 129.9
Hydroxymethylpropylcellulose 2910 2.23 3.27
Dimethylpolysiloxane 350 0.04 0.06
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Talc 17.16 25.16
Hydroxypropylcellulose 17.30 25.37
HPMC-capsule 60" 70
Total 276.2 387.1

) equals 75 mg free dabigatran etexilate
) equals 110 mg free dabigatran etexilate
) Weight of the capsule approx. 60 mg

) Weight of the capsule approx. 70 mg

Component [mg] per capsule
Dabigatran etexilate methanesultonate 172.95%
Acacla (gum arabicum) 8.86
Tartaric acid 177.14
Hydroxymethylpropylcellulose 2910 4.46
Dimethylpolysiloxane 350 0.08
Talc 34.41
Hydroxypropylcellulose 34.59
HPMC-capsule 90"
Total 5224

D equals 150 mg free dabigatran etexilate

%) Weight of the capsule approx. 90 mg

In the following section the experiments supporting the surprsingly high absorption of the drug

on charcoal are described.

The contents of 5, 10 and 20 capsules (150 mg/capsule) of dabigatran ctexilate were suspended
in 100 ml water (approx. stomach volume, pH 2.7, 2.5 and 2.4, respectively). Each suspension
was divided 1n half. To one portion a freshly prepared activated charcoal suspension (125 mg/ml,
Ultracarbon®, Merck) was added. Both suspensions (with and without charcoal) were filtered
and dabigatran etexilate concentrations were assessed via HPLC.

Levels of 8.3, 15.6 and 29.6 mg/ml dabigatran etexilate were recovered by HPLC 1n the
untreated suspensions 1n water. In the charcoal-treated suspensions, the dabigatran etexilate peak
was no longer detectable, this indicated that >99.9 % of dabigatran etexilate was adsorbed by the

activated charcoal for all three tested concentrations.

In the plasma experiments, dabigatran was added to a plasma pool at supra-therapeutic

concentrations of 470 and 940 ng/ml. The sample was then split, and active charcoal was added
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to half at the manufacturer’s specified concentration (125 mg/ml), or 1:11 dilution of this.
Dabigatran plasma levels were measured by a validated LC-MS/MS method.
After adding dabigatran active substance to plasma, values of 394 + 19.4 and 824 + 39.3 ng/ml

(mean £ SD) were obtained 1 untreated plasma. Addition of activated charcoal at both

concentrations reduced levels of dabigatran to <1.01 ng/ml (1.¢. close to or below lower limit of

quantification of the assay).
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Claims

1) A method for treating an overdose of active substance dabigatran etexilate of formula I
NH

‘ AN
OY s
Eto\ﬂ/\/N

|

O N~

CH NH
N N NN
XY Y\N o)\o CH,
|N H

/)

1

optionally i the form of the pharmacecutically acceptable salts thereof, comprising the

step of administering to a patient in need thereof an effective amount of charcoal.
2) The method according to claim 1, wherem the charcoal 18 administered orally.

3) The method according to claim 1 or 2, wherein the amount of orally administered

charcoal 1s 1n a range of 20 - 130 g.

4) Use of Charcoal for the neutralization of overdosed dabigatran etexilate of formula I
NH

‘ AN
OY s
Eto\ﬂ/\/N

|

O N~

CH NH
N N NN
XY Y\N o)\o CH,
|N H

/)

L

optionally in the form of the pharmaceutically acceptable salts thereof.

5) Use according to claim 4 comprising oral administration of an effective amount of

charcoal.

6) Use according to claim 4 or 5, wherein the amount of charcoal 1s 1n a range of 20 - 130 g.

7) Charcoal for the neutralization of overdosed dabigatran etexilate of formula I
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\/\/N N O)\O/\/\/\CH
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] o

optionally 1n the form of the pharmacecutically acceptable salts thereof.

8) Charcoal according to claim 7, wherein the charcoal 1s administered orally.

9) Charcoal according to claim 7 or 8, wherein the amount of orally administered charcoal 1s

in a range of 20 - 130 g.

10) A method for absorbing dabigatran 11

NH
CH, /\‘)I\NH2
‘/\/N\‘(\E/\/
O A N
o N~
TS
° N I

from blood plasma of a patient comprising the step of purifying the blood plasma over

active charcoal.

11) The method according to claim 10, wherein the absorption of dabigatran II from the

blood plasma 1s performed via hemoperfusion over a charcoal filter.
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