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BACKGROUND - MANUAL CAPSULE FILLING

— Capsule body is used to determine the dose
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BACKGROUND - DIRECT AND INDIRECT FILLING

Direct
Feeding and Separating Filling Locking Finished product ejection
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Dévay A.: The Theory and Practice of Pharmaceutical Technology(2013)
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DIRECT AUTOMATED FILLING - AUGER

— Similar principle to manual filling
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INDIRECT FILLING — DOSATOR SYSTEM

Dosator
Tube

Dosator
Pin/Piston

Plug/Slug of i

Powder

1) Incoming stage  2) Compression 3) Retraction 4) Doctoring 5) Ejection
(Pre-compression)
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INDIRECT FILLING — TAMPING SYSTEMS

Tamping stations  Transferstations
1 2 3 4
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TROUBLESHOOTING ISSUES

— Improper capsule size

—improper density requirements — dose
variability or overfilling

— Wrong disc thickness

— low compaction — weak slugs — capsule closing
problems

—to0 high pressures — damage to dosator pins
— Low cohesion

—weak slugs - capsule closing problems
— High adhesion

— residues on dosator pin after transfer
— Poor flow properties

—non-uniform filling
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ADHESION/COHESION PROCESSABILITY EFFECTS
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CASE STUDY - TROUBLESHOOTING

— Problem symptom — broken slugs present among ca sules
poor uniformity |

— Residues on dosator pin
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PROBLEM MECHANISM

CORRECT
INCORRECT — HIGH ADHESIVITY
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PROBLEM MECHANISM

CORRECT
INCORRECT — HIGH ADHESIVITY
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LABORATORY TESTS

— Compaction analyzer GTP-1 (gamlentableting.com)

— Sotax Multitest
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MEASURED PARAMETERS

— Detachement force Fg

Fp

— detachement strength 7p = T3
4

— Ejection force F¢

L o
—>ejection strength 7 = ——

nmDH
— Crushing strength Fq

—radial strength o, = ;DLZ w
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MEASURED PARAMETERS

— Detachement force Fg

F
—detachement strength Tp = 7=

Th2

— Ejection force F¢

. F
—>ejection strength 7z = nD—EH

— Crushing strength Fq

. 2F
—radial strength g, = nD—Z w
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ADHESION PARAMETERS OF PURE COMPONENTS

2500

shear stress / kPa

>
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slug number / -

—O— Avicel® PH-101

—/— Lactose monohydrate 350M
—¥— Magnesium stearate Il
—+—API

—— Lactose monohydrate 125M
—>— Magnesium stearate |
—O— Pregelatinised starch

Paul S. et al. Mechanism and Kinetics of Punch

Sticking of Pharmaceuticals. Journal

of Pharmaceutical Sciences 2017, 106 (1), 151-158.

| Punch tip
A, el
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Powder bed
@D - excipient particle

O = API particle
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BINARY MIXTURES HAVE NON-ADDITIVE BEHAVIOR

— Adhesion properties of a mixture differs from the volume-
weighted average of pure components

— Example

— lubricants are sticky
—low lubricant concentration reduces stickiness of a formulation

| o05%mgst | | 10%Mgst | [ |

75 (1.0) 75 (1.0)
7p (0.5) 7£(0.5)
Pregelatinised starch 132 172 123 165 93% 96%
Avicel® PH-101 304 547 233 397 77% 73%
Lactose monohydrate 125M 678 1000 574 844 85% 84%

Component Tp [kPa] T [kPa]  7p [kPa] 7 [kPa]

Lactose monohydrate 350M 811 1243 628 949 77% 76%

1089 1213 832 1101 76% 91%
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PROCESSABILITY CRITERIA

| Batch | Processability | Productionwaste[g]
[ A | Excelent 60
[ B | Intermediate 360
Poor 920
Batch Tp/0; Production
1900 waste|[g]
A (2.2£0.2) 60

o W B (2.9 %0.2) 360
800 C (3.1+£0.3) 920

600

100 waste

200

detachement strength/ kPa

2 3 4 5 6 7 8 9 10 11 12 13 14 15

slug number / -

—8—Batch A ===BatchB =fll=Batch C

[
»

212 3 TD/O't
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PARAMETRIC AND FORMULATION SENSITIVITY

— Processability can be improved by
—filling pressure - Tp /0, ratio is indicative to processability

— lubrication (! non-linear) - T /o ratio is indicative to
processability

—API PSD - Tp /0, ratio is not indicative to processability

%-_mm—

0.5% m.s. 1.0% m.s. 2.0% m.s. 0.5%m.s. 1.0%ms.  2.0%m.s.
FIR (419+16) (498 £30) (464 +26) (138+9)  (123+22) (123 #9)
EER (661+73) (806 £41) (744 +29) (383 +21) (317 #33) (348 *12)
EER (727 +£29) (1156 #49) (1061 #47) (611 #50) (522 +24) (583 #32)

g Compaction . ggfkPal | | g, kPl |
Pressure [MPa] 0.5% m.s. 1.0% m.s. 2.0% m.s. 0.5% m.s. 1.0% m.s. 2.0% m.s.
FII (239+10) (338%26) (311%25) (70+17) (58 *21) (59 *14)
EER T (398+36) (709+56) (536 #29) (210 £28) (180 #48) (200 * 33)
EER (449 #35) (954+24) (550 #14) (342 £55) (299 +54) (295 + 35)
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PARAMETRIC AND FORMULATION SENSITIVITY

— Coarse APl is generally better from process experience

TD,coarse o-t,coarse
Compression TD fine O¢ fine

pressure [MPa] 0.5% m.s. 1.0%m.s. 2.0%m.s. 0.5% m.s. 1.0%m.s. 2.0%m.s.
57% 68% 67% 51% 47% 48%

(39 T 88% 72% 55% 57% 57%

R 2% 83% 52% 56% 57% 51%

— API PSD can affect the pin sticking mechanism

] I

_)
=N R ) SR (= e R IR =
Punch tip
=y
i 45 T ; Type 1 I_I |_|
Powder bed ===
@D - excipient particle B(:I)X X ré B S B B B

O = API particle

Paul, S.; Taylor, L. J.; Murphy, B.; Krzyzaniak, J.; Dawson, N.; Mullarney, M. P.; Meenan, P.; Sun, C. C., Mechanism and Kinetics of Punch Sticking of
Pharmaceuticals. Journal of Pharmaceutical Sciences 2017, 106 (1), 151-158.
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STORAGE RH SENSITIVITY

— Ultimate sensitivity to storage was tested
—RH 35 %
—RH 75 %

S/ot

— Batches may exhibit different sensitivity to humidity
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CONCLUSIONS

— Adhesion/cohesion properties determine the
processability of capsule filling formulation

— GTP can provide data to predict the processability using
laboratory measurement

—only formulations having the same mechanism of sticking can be
compared
(film / layer build-up)
— GTP data can be useful to optimize moisture, particle size,
compression
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