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gPROMS (JFORMULATE)

gPROMS software environment
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Compression model

Gavi and Reynolds (2014) model

Tablet relative density (pr): power law

» Variables: compression pressure (P)

» Parameter: tablet relative density at zero P (p1()
» Fitted parameter: compressibility constant (Kr)

Tablet tensile strength (o7): Ryshkewitch—Duckworth equation
» Variables: porosity (¢)

» Fitted parameter: bonding capacity (k)

» Fitted parameter: tensile strength at zero porosity (o7¢)

Tensile strength computed via:
« Variables: thickness (hy), diameter (d;), compaction force (F;qmp)

Mixing rules for multicomponent tablets:
* kg, and o7 - gPROMS implemented (volume fraction-based)
* Kr - user-specified (also volume fraction-based)

Introduction gPROMS and compression model Experimental work

pr = p;opl@
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Tablet size, shape, weight and components

method weight (mg)
@ Avicel® PH-101 AM 200,250
h f < > Avicel® PH-102 A 200,250
v d;

Flat-faced plain tablet

Varlous tablet Welghts Pharmatose® 50M A 250,300
« 200 mg, 250 mg, 300 mg T e . ‘
Pharmatose® 50M externally M 300
. .. lubricated (ExLu) with Mg Stearate
Multiple excipient components _ N ; 53560
» Lactose (Pharmatose, GranuLac), cellulose (Avicel), HPMC (Affinisol) A 200,250
N-vinyl-2-pyrrolidone and vinyl acetate copolymer (Plasdone S630) 2 -
Active Pharmaceutical Ingredients (APISs) 50M__| _PH-101 8 20D
.. . ovastatin externally lubricated (ExLu) wi M 200
« Aspirin, paracetamol, lovastatin B0 20 : N < e P00
10 30 : . M 200
. : 60 40 - - A 250
Various material grades % & : : A 250
* Avicel PH-101, PH-102 0 2 0 [Fomuationc |} 250
A 250
° Pharmatpse SOM, GranulLac 200M 60 20 . 10 v 200
» Lovastatin spherical agglomerates (LSA) M 200
. . . Parameter estimation and predictive .
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Equipment

Tapped density: Autotap™, Quantachrome

True density: MicroUltrapyc 1200e, Quantachrome
Particle size: Qicpic, Sympatec

Tablet hardness: HC6.2, Kraemer Electronik

Tablet press: Korsch XP1, Korsch AG
* Single-punch tablet press

* 9 mm, flat-faced punch

* Operated in single-stroke mode

Recorded data

» Upper punch compression force (range: 0.5 — 20 kN)
* Lower punch compression force

» Ejection force

» Upper punch displacement

» Lower punch displacement
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Parameter estimation: initial guess for o,

Tensile strength at zero porosity
Fit curves to find value at e =0

Avicel PH-101 (cellulose) Pharmatose 50M (lactose)
20 i T T T T 10 i T T T T
| o Experimental data R? Adjusted R? RMSE o Experimental data R? Adjusted R* RMSE
18 l 0.981 0.979 0.651 i or ———  o-ae™ 0.976 0.972 0.045 7
16 0963 0.950 0.910 ] gL - c:aln[g) 0.928 0.018 0077 |
0563 0520 0534 o= [ 2) In[%) 0.977 0.974 0.043
E 14 0.987 0.986 1403 ) E r o=all-zsf 0.973 0.970 0.047 )
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Parameter estimation: results for pure cellulose and lactose tablets

Avicel PH-101 (cellulose)

600
Compression force Tablet mass Tablet thickness Tablet hardness T * 200 mg (experimental)
(kN) (mg) (mm) N) 0 !

— 200 mg (predicted)

0.76 197.32 4.647 16.9 ;/// TT T E iv 5 * 250 mg (experimental)
197 197.44 3.481 63.4 2 /i i - — 250 mg predicte)
4.01 198.72 2.850 1406 g IR £
6.04 197.79 2.562 206.4 Y : g, .
8.04 199.05 2.531 254.0 % 200 * 200 mg (experimental) i ‘fii
9.70 197.13 2.450 291.4 200 mg (oredicted) 2 e
11.68 197.37 2.265 326.1 100 » 250 mg (experimental) 1
13.90 196.81 2.224 351.8 P
14.96 197.47 2.216 366.8 0 0

0 5 10 15 20 0 5 10 15 20
16.57 197.72 2.168 374.7 Compaction force (kN) Pharmatose 50M (Iactose) Compaction force (kN)
17.70 197.34 2.177 390.0 ¥ !
18.95 197.32 2186 396.6 s * 250 mg (experimental)

— 250 mg (predicted)

Optimal pure component parameters for Avicel PH-101 and Pharmatose 5

5 * 300 mg (experimental)
— 300 mg (predicted)
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Parameter estimation: results for binary cellulose and lactose tablets
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Parameter estimation: results for binary cellulose and lactose tablets

400 yalose § p * 5.0
o Pure cellulose (measure o
Pure cellulose (predicted) o ® 50-50 (measured)
350 4 e 50-50 (measured) o © —50-50 (predicted)
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60-40 (measured) ° 4.5 1 60-40 (measured)
60-40 (predicted) 60-40 (predicted)
300 1 e 70-30 (measured) o
70-30 (predicted) ¢ 70-30 (measured)
® 80-20 (measured) 4.0 1 ——70-30 (predicted)
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Dose (mg) 0
Diameter (mm) 9
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Hardness (N) 100
MIN 0
MAX | 0.95
Porosity
MIN | 0.05
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Thickness
MIN | 0.01
Compute Wipe
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Conclusions & Final Remarks

Extensive compression data generated for a variety of materials and

Optimal values for key parameters (Kr, k;,, o) found

« For pure components

» Good fits to experimental data

Tablet hardness (N)

Binary tablet properties predicted using pure parameters
» Various tablet compositions
» Predictions improved with modified parameter weighting.

Optimising tablet design

* Nonlinear optimisation of tablet compaction

» User-friendly MATLAB app.

Ongoing work

* More components, additional validation

* Lubrication effects
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