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Learning Objectives

* Understanding Flocculated Suspensions

* How is particle size related to clinical performance?

* |s your method measuring what is relevant?



Impacts of Particle Flocculation

Particle flocculation, imparts shelf stability, but could
potentially lead to variations in PK response for
injectable suspensions
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Cause and Effect: Flocculation and PSD

Secondary particles
agglomerate)

*Particle flocculation is a
common phenomenon
In suspension product
(i.e., primary and
secondary particles)

Magnificalion: 20 x X
HLCoHbrated)t 4352 m X:326.4 pm

Smith, W.C,, et al. “Impact of particle flocculation on the dissolution and bioavailability of injectable suspensions”, Int. J. Pharm. 604 (2021), DOI:10.1016/j.ijpharm.2021.120767




Formulation for Flocculation

Controlled Flocculation

 Polymers

— Suspending Agents, Sterics, and Electrostatics

e Surfactants
— Wetting Agents, Hydrophobicity, and Electrostatics

* Electrolytes

— Valency, lonic Strength, and Electrostatics



Flocculation: Particle Interactions and DLVO Theory [}

Repulsive electrostatic
\ interaction

\ . _
-

o Resultant interaction
Secondary minimum DLVO Theory

Flocculation ke
e Non-interacting
barrier™ 7 = = - - - - - Particles

Interparticle distance (X)

Potential Energy

Primary minimum
Aggregation

-l *Modified from DOI: 10.1007/978-3-030-17061-5_1 6




Laser Diffraction: Components and Setup

Removable Cell Optical Unit Wet Dispersion Unit

© @ (2
Wet Cell

https://www.malvernpanalytical.com/en/products/product-range/mastersizer-range/mastersizer-3000e/



https://www.malvernpanalytical.com/en/products/product-range/mastersizer-range/mastersizer-3000e/accessories/hydro-lv#specs

Particle Flocculation State Is Shear Dependent FOA
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Aoki K, Adachi Y. K. Journal of colloid and interface science. 2006, 300(1):69-77. 8

https://www.malvernpanalytical.com/en/products/product-range/mastersizer-
range/mastersizer-3000e/accessories/hydro-lv#specs



https://www.malvernpanalytical.com/en/products/product-range/mastersizer-range/mastersizer-3000e/accessories/hydro-lv#specs

Shear Induced De-flocculation
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PSD becomes more broad and mean size decreases with increased stir rate and sonication



Flocculation of TA Suspension Is Reversible

40

) off
Lo | '.
g_ 35 P ’; \
— ’* N\ \ .
S 2 N SVIER W N a
v 30 ot ®? » v » o
N Pad : e )
m ’ ' ‘l :
4 \ '
@ " H " i
= 25 Py : ¢ '
€ »* : -
& * : hd .
. PO S BV doteeveees dotest ot
2
Flocculated Flocculated
15
5
4.5 » P’“‘ -
Z g 207 %0t o0s ‘oo 4 Pe Bee, &
& g \ ,""" ol
» 35 ~ g o
P -~ \
3 eoeeeetes e0 00000000 boooooeooe
2.5
2
0 5 10 TIME (MIN) 15 20 25

10



Sedimentation as a Surrogate for PSD
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Flocculation—> Sedimentation—> Improved Long Term Stability
Sedimentation Ratios: B <A< C

*Sedimentation Ratios can be a useful surrogate for PSD
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Kenalog-40 Package Insert and Guidelines

Administration
GENERAL

STRICT ASEPTIC TECHNIQUE IS MANDATORY. The vial should be shaken
before use to ensure a uniform suspension. Prior to withdrawal, the suspension should be

mspected for climping or granular appearance (agglomeration). An agglomerated
product results from exposure to freezmg temperatures and should not be used. After
withdrawal, Kenalog-40 Injection should be mjected without delay to prevent settling n
the syrmge. Careful techmque should be employed to avoid the possibility of entermg a
blood vessel or mtroducing mfection.

SYSTEMIC

For systemic therapy, mjection should be made deeply into the gluteal muscle (see
WARNINGS). For adults, a mmmum needle length of 1'% inches s recommended. In
obese patients, a longer needle may be required. Use alternative sites for subsequent
mjections.

FOA
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Shear-Induced De-flocculation During Injection kiR

e Intramuscular T

Vv

dermis —
*Particle flocculates undergo shear during IM administration
muscle . .
Infusion Rate?? Syringe Gauge??

*Modified from DOI: 10.1038/s41536-017-0028-x



https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1038%2Fs41536-017-0028-x?_sg%5B0%5D=Vbh6NeByBDruP4bG7w1SC832-GFZe5pxVwOfQsB98dHhkcnVpGviuHGzQoCDDWPjB3qqK2eyUVKd4DfiyMufknmAnA.HMvF-P-losVj6y0wfXygu75VeLc-ApuqUpSmY-WR5-GZm0aobRa2-50vjHNtVThSD_YANavbr_ztU-dY3wBuFg

Impact of Flocculation on Dissolution?

Deflocculated

Flocculated

(@%5 Does Flocculation Impact the Rate of Dissolution???
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Noyes-Whitney Equation

*According to Noyes-Whitney Equation, rate of dissolution dm D XA
depends on the specific surface area (i.e., particle size). dt K AC
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Choosing Sink or Non-Sink Conditions?

e Discrimination
e Relevance to In Vivo

 Shear and Apparatus Choice
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Shear-induced Deflocculation on Dissolution

High Shear

Controlling Shear:
| High vs. Low Shear
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Impact of Suspension PSD on Drug Dissolution

FOUA

PSD directly impacts dissolution rates: Larger particles dissolve slower

*Low shear non sink dissolution
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*According to Noyes-Whitney Equation, rate of dissolution
depends on the specific surface area (i.e., particle size).
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Percent Dissolved (%)

Impact of Suspension PSD on Drug Dissolution
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*Deflocculated suspension exhibits >4x higher dissolution rate than flocculated suspension



Tandem Particle Sizing and Dissolution Setup

IFO-UV —

Detector Hydro MV

Stirrer

Flow-cell

Centrifugal Pump

Inline Ultrasound Probe

Dispersion Unit



Simultaneous Particle Sizing and Dissolution
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*Flocculated suspension exhibits large shift in Particle Size Distribution during dissolution
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Simultaneous Particle Sizing and Dissolution
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*Deflocculated suspension exhibits minimal change in Particle Size Distribution during dissolution |



Two Particles: Two Dissolution Pathways
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Challenge Question #1

Which of these factors impact flocculation state?

A. lonic strength of dispersant or diluent

B. Use of suspending agents or viscosity modifiers
C. Agitation and temperature

D. All of the above

www.fda.gov

24



Challenge Question #2

When might you choose to use low shear non
sink conditions for IVRT?

A. Never
B. Always
C. For comparison of secondary particle population

D. For comparison of primary particle population

www.fda.gov 25



Syringe Induced Deflocculation: PSD and Dissolution [»)\
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*Syringe induced shear leads to smaller PSD and faster dissolution (2-6x) 26
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Additional Resources

1 Smith, W.C., et al. “Impact of particle flocculation on the dissolution and
bioavailability of injectable suspensions”, Int. J. Pharm. 604 (2021),
DOI:10.1016/j.ijjpharm.2021.120767

J Link to our Journal Article

] FDA Newsletter on IVRT for Injectables

- I.M. Administration Guidelines

] Flocculation Reading
 Flocculation in Pharmaceuticals
1 DLVO Theory Basics
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https://www.sciencedirect.com/science/article/pii/S037851732100572X?via%3Dihub
https://www.fda.gov/drugs/regulatory-science-action/new-in-vitro-methods-understand-and-mitigate-clinical-variability-associated-injectable-suspensions
https://www.jove.com/science-education/10261/preparing-and-administering-intramuscular-injections
https://onlinelibrary.wiley.com/doi/pdf/10.1002/jps.2600570404
https://link.springer.com/chapter/10.1007/978-1-4757-6639-4_8
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