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Product Performance: Disintegration
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e.g. fluidised bed

e.g. Dissolution and disintegration model

GlattGroup, Glatt Top-Spray granulation process by fluidized bed. (2013)
D. Smréka, J. Dohnal, F. Stépanek, European Journal of Pharmaceutics and Biopharmaceutics, 106 (2016)
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Experimental setup and Formulations

High-shear mixer granulator set up Effect of SSG (L/S = 1; wet massing time = 5 min; 450 rpm
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* Solid mass for the granulation = 500g 0 - ' ' ' ' ' '
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* Impeller speed = 450 rpm

Size / pm (bin midpoint)

e Binder addition time = 3 minutes

* The binder was injected to the mixer using a Peristaltic pump
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Granule Characterisation - G400 FBRM Probe
Effect of SSG Concentration (L/S = 1)
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a) Particle count vs time b) Number density vs PSD
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Granule Characterisation - G400 FBRM Probe

Effect of L/S (SSG Concentration = 4%)
a) Particle count vs time
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b) Number density vs PSD
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Granule Swelling Characterisation — Flow Cell
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Granule Swelling Characterisation — Flow Cell
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Granule Swelling Characterisation — Flow Cell  image capturing
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Granule Swelling Characterisation — Flow Cell
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* With decrease in the SSG content (< 6%), level of swelling reduces, possibly due to plasticization impact of HPMC (12.5%)
* Decrease in absorption and swelling efficiency due to absorption of water in the high shear granulation process

e Significant difference in the swelling behavior between granules of SSG content of 4% and 6% is observed
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L|qU|d penetration rate at granule’s surface based on Darcy’s law
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t:time, R: granule radius, €: porosity, S: saturation, V: volume, V;: volume of liquid in granule, k,,.,-: permeability, P.: capillary pressure, n,, ;: number of it component in the solid

Vy,i: volume of a single it" component particle, Vs ;: volume of it" component in the granule, Vp;nq¢,: volume of the binder in the granule, x,,;: volume fraction of i'" component in the solid
Q;: mass absorption of i!" component, I;: porosity factor of i" component, &4, &&pmin: Minimum and maximum porosity, ps ;: density of i*" component

py: fluid density ,V}, ;(0): initial volume of a single i" component particle
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Model Variable Method to Quantify Method Value
Initial porosity Characterised GEOPYC_/MGFCUFV Changing
Prosimetry
Initial radius(mm) Characterised Flow cell measurement Changing

Single Granule

Initial radius of SSG

Population Balance
Model

particles(um) Characterised Malvern mastersizer 50 um
Initial radius of MCC
particles(um) Characterised Malvern mastersizer 85 um

Shape related factor

Estimate FBRM -
Number of particles
produced Estimate FBRM -
Neck st th of th
S S e Estimate FBRM ;
binder
Bulk modulus at
ulk modulus at zero ERp EBRM ]

porosity
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GSA fOr Single granule Response Porosity Normalized diameter
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Parameter Estimation and Validation
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* The method to obtain the parameters is
least square method

1.25—

Parameters D 2 (g)

Constituent % 127
£
MCC 0.35 1.5 0.2 2
g 115
SSG (%4) 1.764 9.292 2.35 =
E
SSG (%6) 2.336 9. 891 5.71 2 1l
. === Model - 0% SSG
* Estimated diffusivity (D) & maximum absorption ratio 1.05 s — Expaimenel - % 880 |
(Qnax) is significantly lower than the literature values, 7 Exporimanta % 55
(plasticization effect & pre-disintegration absorption) 1 ! | | ——Experimental - 6% SSG
0 10 20 30 40
Time (min)

* Increase in diffusivity of SSG by increasing SSG content

* Due to low swelling, the model is not able to predict the
behavior of granules with 2% SSG.
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Experimental Investigation
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fl;igfe abso?rbance Swelling Breakage . Disintegrant
| . Active ingredient

. Excipient

Investigating swelling of Investigating liquid swelling Investigating liquid liquid
single particles particles of granules uptake and swelling of
granules
Particl Granule Granule

>3 £ Liquid 33 =+ Liquid >3 £ Liquid

Flow cell Flow cell Flow cell

OCT: optical coherence tomography
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Granule Swelling
Characterisation
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b) MCC + SSG
0 min (dry) ' ' 0.01 min

» No excessiave granule » Slow loosening of

movement, challenges microstructure and strain
with bubble formation recovery observed

c) Aspirin + MCC d) Aspirin + MCC + SSG
40 min (dry) '

———————————————————————————— : 2

» Aspirin added to MCC

E- » Aspirin added to MCC
i (no superdisintegrant)

(no superdisintegrant) i
, » Erosion and crack i
,3120 min (end) propagation observed i
v with slow swelling :

A Qin

» Erosion and crack .
propagation observed / [ 60 min (end)
with slow swelling ’

'l' Qin
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« Optical coherence tomography is a non-
destructive, contactless and fast method
to resolve sub-surface structures.

« It generates 1D, 2D and 3D depth
profiles within seconds. A

* Acquisition rate of 1D profiles can be as | | _ aonihd| \
high as 230 kHz (= 230 cross-sectional 5 Asam Comovese
images per second) e y
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Tablet Coating Characterisation
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Disintegration Analysis using Optical Coherence Tomography
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Granule

Liquid flow

>3 > Liquid
Swelling front Liquid front
Flow cell
OCT conditions:

- Lens: 18 mm focal length

- Burst of images collected upon liquid
addition and granule events

- Only 2D images analysed
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Disintegration Analy5|s Mlcrocrystallme Cellulose

Product Structure Surface Imaging

0.0001 min (start) 0.0006 min 0.0003 min
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Disintegration Analysis Apsirin and Exuplents

Product Structure Surface Imaging

0.000 I1min 0.000 7min 0.0030 min

0.0001 min '0.0007 min - 0.0030 min
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Summary

Experimental investigation (High shear
mixer) for the impact of varying binder
(SSG) concentration and L/S ratio on the
critical quality attribute (PSD), granule
diameter

Single granule model: global sensitivity
analysis and parameter ranking

Model well predicts the swelling behaviors
of the investigated formulations (except
2% SSG, due to low level of swelling)
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Process design

Selection of process
settings to optimise
performance

Formulation
design

Selection of excipients /
concentrations to
optimise performance

Formulation Design

Performance and
stability predictor

Digitally-enabled Process and

Prediction of
performance and
stability
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Thank you!
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