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Dispersed systems

suspintion and emulsion ¢ G alaill | saisy
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What is a dispersed system
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* A system in which one component is dispersed as particles
(un-dissolved) or droplets (immiscible) throughout another

component.




J A dispersed system could be a colloid, gel, suspension,
emulsion, lotion, cream, ointment, suppository, troche, or
medication stick.

the important factors that
e.g. colloids and gels have

the smallest size particles.
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Colloidal dispersions

* Colloidal dispersions are defined as:

dispersions in which the size of the dispersed particles in
the continuous phase is in the range of 10° —10° m
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Classification of disperse systems

Dispersed Continuous
phase

Gas Liquid aerosol Cloud
Solid Gas Solid aerosol Smoke
Gas Liquid FoamziawYl 55 Bath foam
Liquid Liquid Emulsion «laive  Milk
— — —
Solid Liquid Suspension Gl  Calamine lotion

L?"JJ.AM | 92

Liquid Solid Solid emulsion Ice cream




. Suspension

Hiewr

NOT FOR INTRAVENOUS 1
USE

Methylprednisolone
Acetate Injectable
Suspsnsion USP P (755 )
®
b= IIEPO-MEIIIIOI. B e Calamine lotion B P
h <’ SPENSIO 40mg/iml '.% {Calamine, Zinc Oxid
'si E |25 4 STERILE AQUEOUS SUSPENSION 40,"9”"1 Sodium alginate
i 4 ! 2 1 2mi br reameol Sodium bicarbonaté p—
3 - ml stasa adshEt” Calcium carbonaté - L
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Objectives

* By the end of these lectures, you should be able to:

— Explain why suspensions are useful dosage form.
— Describe the properties of a good suspension.

— Explain with the role of viscosity enhancing, wetting and flocculating
agents to stabilise suspensions.

— Know how to inhibit the problem of caking.
= GifSan aga (e




Part 1: Introduction and advantages




Definition
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A suspension consists of a dispersion of insoluble solid particles
in a liquid.

In a suspension, the particle size is generally > 1um.

Different to a colloidal system, where particle size is <1 pum.

suspension <l jall g Sae 1 e S
colloidal 58 1 (w0 yral Gl )




Solid in liquid colloids vs. solutions

Suppose we add a powder of drug to water. How do |
know if | have a colloid or a solution? eale Caiial S (a ail

Y djSMGA KIEYW QJ.\SL;AL;L | sacolloid

In a true solution, the drug molecules are dispersed on
the molecular scale in the solution — each molecule is

isolated from all other drug molecules; JS (sS J slaally
dad esa JS Joaias il ) all Gl e

In a colloid, we have particles of drug — aggregates
consisting of many drug molecules. 153 s yi 1 ¢ 8 Ll

\jﬂ\u\_\.\);u.o‘\.cwujs.u




Why use suspensions? il 5 Jslaall G o)l 48 55 .
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1.  To formulate Poorly soluble drugs into a liquid form if they cannot be made into solutions. 2 sl J s~

JstasS Lelae | ¢ ya8a 13) Jilall Alle 013 Leuila )

2. For taste masking — unpleasant tastes may be less noticeable in suspension than in solution (Ex.
paracetamol). (Why?) Glaal Gy — Jie) Jsbaall 8 e leall 3 1A g g Ji 4815 g0 ) 8RR () oS3 8
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1.  The drug may be more stable if formulated as a suspension instead of a solution. (Why?)
NOTE: some drug may be more stable as a solid, so we make a suspension just before dispensing.#
OsSae)sall ST 51 580 13) 23 aiebua (3leaS Yoy (pe Jlaadl 08 () &8 oany 4y a1 ST 51 il 30leS cdlia Gl 4 i3 Jazy
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2. Easier to swallow than solid dosage forms.aldl Jeu

3. Some materials are required to be present in the GIT in a finely divided forms (ex. Kaolin Jles2d | 52
and MgCO; are used for the adsorption of toxins).ca O OS5 Gany A gall 33 g2 g0 (A Slgall caagll & JISA
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Usage of suspensions:

1. Oral administrationsdl (3:,bk o= (sweetened, flavored).

Topical application.csésll Jie (o2a se

Parenteral routes (asl(non-sweetened, non-flavored):

intramusculardsa=lly intradermalalall | SCalall caald ), Ledaala 4l
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4. Intra-oculrcesd JAla and intranasal suspensions—a¥! Jals (non-
sweetened, non-flavored). & ¥ ClgSia ) Allaa lasterile piae
Ll
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Disadvantages of suspensions:

1. Physical instability—> settle over time—> lack of uniformity of
doseaal s ¢ ja (S5 43l s - shake before administering
each dose.

DAy = ) Sl Hg e pa (e e LA Hb

1. Texture may be unpleasant to patients. <l () sSila (Sae
8 e i e 06 Y Al iy iy (m al

2. Suspension formulations may be bulky and therefore
difficult for a patient to carry.




Properties of a good suspension

e The suspension must be easy to disperse after shaking: s o
ay \g_d\ ar XN J\
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Th|s is called redispersibility <idil) sile) ——=
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Shake /

od®%

Over time, the

N

particles will sink to
the bottom of the

container

—
—

—
o
o
o

—

—

e

|
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A bad suspension




Properties of a good suspension

* The suspension should contain particles which are small and
of the same size. This is to ensure patients do not find the
suspension to be gritty
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A good suspension A bad suspension: A bad suspension:
particles too big particles are different

sizes




Properties of a good suspension

 The suspension must be homogeneous . For the period after
shaking and removing the dose, the particles need to be
evenly distributed throughout the liquid to ensure the same
dose is given each time. a ¥ s 4x 5 L (e 3 538 aay (uilatie (555 2 )Y
S g (685 Aadide jall ) Wl glide © Gl Ciifia () 685 43) Gauial

LP\-‘MQ‘ | g lf———

—
oo ©
e o
Y ) ®

—

L&

S ——

A good suspension
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A bad suspension
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The three doses (boxes)
contain very different
amounts of the drug
here.




Sedimentation—x_» and suspension

e The velocity of sedimentation is

< > given by Stokes’ Law: s yill 4e u
® 52358 IS % Gl ala e adiad,
= s ledaal
?D _ % S
5 -4 a = the radius of the solid particles; 25|
= 0,0.° o )8 culsle dsu_m Gyl
= - @ ) B 7 & il (ol J

o = the density of the solid; JS 43Us)
o i iy & el 3t 8] CilSIla

p = the density of the liquid;

n = the viscosity of the liquid;

g = the acceleration due to gravity.
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Stokes’ law

Given that:

Will the sedimentation velocity go up or down if we:

* Increase the radii of the particles? 2 > =, up

* Increase the density of the solid?up sz ke JS W &al & 7 ) @il )
* Increase the density of the liquid?down 4c sl J&i = % (3 8l Jay » 5 <l y
* Decrease the density of the liquid? up

* Increase the viscosity of the liquid?down

* Decrease the viscosity of the liquid?up

¢ i e sla ek




The sediment ratio

< >
__ =
Clarified zone A
, , e e — Sediment ratio, R:
Discrete particle settling [T . @ @
e °g ©
S — ]
Hindered settling 4! R = Volume of sedimented layer (V,)
4 gl Total suspension volume (V,)
Transition zone 4 Or,
Cacadll
CEw = R = Height of sedimented layer (h)
Compressionkizall % éé éé Initial height of suspension (h,)
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The sediment ratio

R= U Cu iayc .\_-J)
tial height of suspension(l o)
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Part 2: How to make a suspension




How to make a suspension?

 First, we need the drug! It must have small particles of
uniform size.

* If the drugis water-insoluble, we may add a wetting agent.
¢ K34This breaks the interfacial tension, ensuring the solid

particles disperse easily throughout the liquid. 85l )& (lie
* Interfacial tension =kl 36l js an energy barrier which
prevents the liquid spreading around the solid. Jal (e 3 ke

daliall salall U"SP Preatt Jald) @A.\




Interfacial tension

* Considering a single solid particle: S5 058 a5y adle

b Gl

Low interfacial tension: the liquid High interfacial tension: the liquid
spreads around the particle does not spread around the
particle
M\ sdlall U.'.JP | d.\u\
This should give us a good This will give us a bad suspension.

suspension.




Wettlng agents Y (ks Jd dxa) e
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Several types of wetting agents: Saly Aaliagy e

* Surfactants—e.g. /\/\/\/\/\/\/\/\)ﬂ)\
O Na*
' )

- . water insoluble
* Hydrophilic colloids «__ water soluble
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* Simple solvents —e.g. alcohols, glycerol sl acul (il s Lins i 5 S
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Hydrophobic
particles ~

Wetting agents

—
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Aqueous medium

—

Clumping

—

W

etting agent

SR,
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Dispersion

Hydrophobic

é particles

* Increased wetting of hydrophobic drug particles leads to a
decrease in surface tension.
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Surface area=6cm®  Surface area = 600 cm? Surface area = 60000 cm?
Volume = 1 cm? Volume = 1000 cm® Volume = 1000000 cm’?
Surface area; volume  Surface area : volume Surface area : volume
6em? : 1cm? 600 cm? : 1000 cm’ 60000 cm? : 1000000 cm?

=6/cm =0.6/cm =0.06/cm




Wetting agents

* Wetting agents also decrease adsoption of particles to the
container by applying a repellent coating > 4iksto the
particles in the suspension. 43 ¢ Jx ¢ 3 i) Jliy 43) 4l a3l
Ol 48 plaila ) dadly Gesilie

* Without a wetting agent, particles tend to stick to the
container. 4adlally §ailiy 45 g,

— —

Wetting agent

Clinging Dispersion




Flocculation <lusall aseas

Once we have a suspension, we need to determine if it is:

Deflocculated, where the particles —
remain as separate units. OS5 O s
aliadia ——
0o ©
°© o
o0 © 0
— ——
Flocculated, where the particles exist as
loose aggregates.le sana 5 ) O5S S
e -
00
— I




In a deflocculated system, the rate of sedimentation depends

Deflocculation

on the particle size, but generally is slow.
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* Aslow rate of settling prevents liquid entrapment in the

sediment, which becomes compact (“caked”) and is very
difficult to redisperse. Jsas JiSia juay ol Aliy ap yilly edadl
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Flocculation
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In a flocculated system, the aggregates settle quickly. This leads to
liquid entrapment in the sediment, which tends to be fairly easy to

redisperse. i sgew 48 31 )08 oy (s 358 2y g aana 55 Wl

—

_
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So, in pharmaceutics, flocculated suspensions are better then
deflocculated ones (why do you think this is?)!
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Flocculated vs. deflocculated

Flocculated system Deflocculated systems

Loose aggregates of particlesgaxs Particles exist as discrete units<ids

Large volume of final sediment_xS  Small volume of final sediment_px<

Rapid sedimentation rateg: s Slow sedimentation rates -
Suspension clears quickly Suspension remains cloudy for a
Caylas prolonged period of timewlua (&
Entrapment of liquid within Liquid entrapment in the sediment
sedimentcs) sl s Bl pud) sy is prevented Lgziah (il

Easy to redisperse sediment Difficult to redisperse sediment

pei 8 de ) Jeus aghy ) 2E) Cura




Flocculated vs. deflocculated

R = Height of sedimented layer (h)
Initial height of suspension (h,)

Sediment ratio

Deflocculated w55 1588

Flocculated iiite dawdl) Cull Jadas g a3l (55 Gy

> Time




Viscosity enhancing agents

Remember:

If we increase viscosity (n) of the liquid phase, the rate of
sedimentation is reduced.ac 5 s LY 4uSe 483l

For this reason, materials may be added to a suspension with
the aim of increasing viscosity. Olic 3 s 3 3 Ul el Lis
Ay s yile




Viscosity enhancing agents

R = Height of sedimented layer (h)
Initial height of suspension (h,)

Sediment ratio

No viscosity enhancer G s 48 ju

v

Viscosity enhancer < sl

> Time




Viscosity enhancing agentsia

Examples of viscosity enhancing agents include:

Polysaccharides ( acacia, alginates, tragacanth, starch, xanthum gum).

Celluloses (methylcellulose, hydroxyethylcellulose, sodium
carboxymethylcellulose).

Hydrated silicates<\Sid 4xlal) (bentonite, magnesium aluminium
silicate).

Carbomers and silicon dioxide (Aerosil).




Viscosity enhancing agents

 We need to take care when using
these — if a suspension is very
viscous, then it may have poor
pourability.

* Also, although sedimentation is
delayed, it is not stopped... so we
need to consider using flocculating
agents too in some cases. < Al
S omans I ga canal Lol dd g L Al
sl




CakingJiss

Caking cannot be eliminated by reduction in particle size, or
by increasing the viscosity of the continuous phase;

These delay sedimentation and caking, but do not prevent it;

To prevent caking, we need to consider_ flocculating agents.




Part 3: How to avoid caking?




Flocculation

In Pharmacy, flocculation is preferred , whereas caking is not.
JHany ias | galay g il gann i g ) gmanty SUN 5 (i oS Jlall s ) caai
Y oS slinall J8 Walind) o ) agh i) an ) 4dl 5,08

Why? zaSaSl e co )l jin) s s sbude JS00 ¢ gall a8 Jeuns Ll
o) 5l aladia) Gaxs Ala Claend 385 (N a5 of (S

To achieve flocculationgie juay (lie | we often need to add
additional components to a suspensiond! 3l s« Canial g2,




Flocculating agents

* Flocculating agents act to minimise the extent of caking in a
suspension.sale!

* Ideally, we want a partially deflocculated system. —iss 4ai

S a— —— ———

e — e — e —
©o © e %
% o ‘. P o o
00 . & © o0 o
N— I N— I N— I
Too deflocculated Too flocculated Partially

deflocculated:
just right!




Flocculating agents

Examples:5sa
* Electrolytes (sodium acetate, phosphate, citrate).

e Surfactants (ionic or non-ionic).

* Polymers (-, -, cellulose derivatives).

 Cotbomers rlicaes. J e 450 U5 weting g




Part 4: How to avoid caking II?




Caking

Bismuth subnitrate particles have positively charged surfaces.

doa se o clliad & ga 3o <l 53 Clagaa

Initially therefore the suspension is deflocculated.

O Jslaall 8 Jlad JS 48 jite Cilapall () iay Lee cliie Glle Galaill () 5 cilead) 4ylay e
anl lgaany ge gl

Adding KH,PO, causes a reduction in zeta potential of the particles, because the
particles adsorb phosphate anions.

8L aLKH2PO. i sil) i gal el Cilauaal) (¥ @lld 5 ccilapnall Uy 31 agal) Jalis 8 s 4
As more KH,PQO, is added, the zeta potential reduces to zero and then turns
negative.
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To obtain a flocculated non-caking suspension, need to control the zeta potential
by adding the correct amount of electrolyte. << O Al lie
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Zeta potential / mV
100

-30

Caked

Not caked

Sediment ratio

0.06

0.03

©
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Surfactants

 Adding a surfactant can neutralise the surface charge of a particle, and hence reduce
repulsion between them.

o lein gl Juli il cclapuall Lndaid) Lan il Qo i€, slidaa ale 48l

Sodium lauryl sulfate (anionic-)

Solid particle
Cetrimide (cationic+ )




Polymers

o] 7ol e Jelbii yaylsull b dyiliaiSll Silcgamall
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Starch or Alginate Jliad) g Léd | e
potloall 37 b iz aSal ol 2lis 11

Chemical groups in the polymer interact with the surfaces of the particles.

The free end of the polymer attaches to another particle. This gives
interparticle bridging, leading to flocculation.

If there are no other particles to interact with, the free end of the polymer
coats the particle. This leads to restabilisation and a deflocculated system;

So we need to carefully control the polymer concentration.
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Rheology of suspensions DR
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Ideally, a suspension will have the properties of:

1. Redispersibility (dispersed on gentle shaking);

2. Homogenity (constant particle sizes);

3. Pourability (easy to pour).

 Aflocculated system’s structure breaks down on shaking, and
reforms on standing (i.e. the viscosity of the system changes).




The particle shape can also affect caking and

* |t has been shown that
symmetrical barrel-shaped
particles of calcium

0054-3117-63

carbonate produced more cgaégwl{!‘rE
stable suspensions than did Oral Suspension (not USP)
asymmetrical needle-
shaped particles of the CALCIUM SUPPLEMENT

*Each 5 mL (teaspoonful) >
same agent. corbEnite e S0 ma

|

SHAKE WELL BEFORE USING

* The needle-shaped
particles formed a firm
sediment cake on standing
that could not be
redistributed, whereas the
barrel-shaped particles did
not cake upon standing

LOT
EXP. 4114101//0¢
© RLI, 2004

Boehringer!

-~ r Ingelbeim
|l"| Roxane Laboratories 500 ml

Saja Hamed, Ph.D
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Examples of suspensions

Antacid oral suspensions

i gozll B3line d)god Culiylsi
L piSull 85bioe 4 god Gilaylsd

Antibacterial oral suspension doyiine Gliyls)
SESERVITES T ILY,

Rectal suspensions

Sustained release suspensions




Antacid Oral Suspensions

Most antacid preparations are composed of water-insoluble materials that act within
the gastrointestinal tract to counteract the acid and/or soothe the irritated or inflamed
linings of the gastrointestinal tract.

ol Oleadl Jala Jaad elall 8 L MUALE yie 3 e (pe () 5S55 dia gaall Balianll ) jucaail) alas s
gl Jleall ity Qleill o zugdll Casds o Angd I/ 5 anal) Agal e e

A few water-soluble agents are employed, including sodium bicarbonate, but for the
most part, water-insoluble salts of aluminum, calcium, and magnesium are employed;
these include aluminum hydroxide, aluminum phosphate, dihydroxyaluminum
aminoacetate, calcium carbonate, calcium phosphate, magaldrate, magnesium
carbonate, magnesium oxide, and magnesium hydroxide.
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Drug Facts
Active

(in each 5 mL
Abirvinum hydreoide 200 mg [equivallnt to died gel USP) __ Antacid
hydroida 200 mg. Artacid

Simethicone 20 mg, Aligas

q::lrehvud-bm « sour skomach « acd indigestion

Purposes

Almacone

Alming, Magnesia, and Simethicone
Ora Suspension USP

ANTACID
ANTIGAS

Warnings
Ask 2 doctor bedore use If you have - disease
- 2 _Mm Kidney

Ask 3 doctor or pharmacist before use ¥ you are laking a
presciplion drug, Antackds may inteeact with cartsin prescrplion dugs,
Stop use and ask a dector if symploms kst mor than 2 weeks

Eudnnhdm

Directions - shaus well betors uss + adits snd chidren
12 years and older: 1ske 2 10 4 Jsaspooriuls betwean meals, at
bedine, or as drectnd by 2 dector « do nol Sake move than 24
leaspooniuls in 24 hours of use e madimem dasage for mose

M2-ﬁ:*dﬁuuﬁﬂm~dam

Other information - each s mL teaspoonfid contains:
magesium 55 mg, sodum 1 mg mnmw

VERY LOW
SODIUM

o \ BTN
" Rughy "

O youR iowEY BACY,

floz.
= “wﬁ

o "
e o*
gﬁ\ﬁ“ B

Alcohol: Less than 0.5%

=

uestions or comments
Call 1-300-645-2158, 8 5m = 5 g E 7, MondayeFridsy

Labccniries, bz snat
U!Mwmn N I |I Illll

-bﬁ-wdh
37 0536-0025-83

Saja Hamed, Ph.D
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* An example formula for R s
an oral suspension Aluminum hydroxide 326.8¢
follows. The suspensoid is compressed gel .
the antacid aluminum S‘orlmol solution :S....()ml.
. Syrup 93.0ml
hyd I"OXIde, the Clycerin 250mlL
preservatives are Methylparaben 09g
methylparaben and T 03
avor q.S.
propylpa_raben’ and Syrup Purified water, to make 1000 0mL
and sorbitol solution
provide the viscosity and 3 laie¥l Ulal LI Uil
sweetness. 48l 324 oo Sl aeall | 1S AL
‘.4)4'“‘5\ suspensoid /preseratives

Saja Hamed, Ph.D




Antibiotic Oral Suspensions

Dry powder for reconstitution. suasill sale Y cala (3 sana

Drugs that are unstable if maintained for extended periods in
the presence of an aqueous vehicle W 131 3 s ne o &S

e e S Jan g il AL Jglaall A G e sl L pan
LSyl ol (e.g. many antibiotic drugs) are most frequently
supplied as dry powder mixtures gz« JS& Je aal o35 Wle for
reconstitution at the time of dispensing.lsc )5 Wl jucaaill sale Y

Many antibiotic materials are unstable when maintained in
solution for an appreciable length of time <l sn A3 (e 2=l

.5 ...S .6 -'S ‘ ..'E !. % ‘ LA .6 Dol ... O S...




Rectal suspension

NDC 0574-2020-07

_COLOCORT®

pension, USP (Retention)

rectal suspension indicated as
adjunctive therapy in the
treatment of ulcerative colitis
and is packaged in a convenient
disposable single-dose enema
designed for self-administration.

* Colocort is a hydrocortisone I
|

SHAKE WELL BEFORE USE
FOR RECTAL USE ONLY

* |t contains hydrocortisone in an
aqueous suspension that contain
carbomer, polysorbate 80,
purified water, sodium hydroxide, | =essomdosn s i s p oo

il ALE D 3 s 8 oy a8 @l il 23 B

and methylparaben. ECReETG

ST
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Packaging and Storage of Suspensions:

1) Should be packaged in wide mouth tight containers having adequate air space above the
liquid to permit thorough mixing by shaking and an opening large enough to pour a viscous
liquid easily. ¢xal) Lalall Jilad) (558 4 5a dalue & 5 e ¢3lal) AaSaa g Aaidl) Aol 5 Ao ) (8 4iad aag
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2) Should be stored at room temp or refrigerated protected from: freezing, excessive heat &
light.. 1) ¢ suall 5 3250 30 351 all 5 aseaill (e Gana Aol & ol A3 a0 550 ja Aa 0 (8 44 )35 aad

3) Stored in room temperature if it is dry powder (25 9C). It should be stored in the refrigerator
after opening or reconstitution (freezing should be avoided to prevent aggregation). . ki~
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4) Label: "Shake Well Before Use" to ensure uniform distribution of solid particles and thereby
uniform and proper dosage and label to specify whether the medications are for “external”
or “internal use” éiassia 5 8aa e de ja ALy Lball Gilasuall aa o a0 ) 58 Gladal "aladiu¥) J8 1 58"
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Preparation of suspensions

Dispersion methods

* |In these methods the vehicle is added to the already prepared
particles.

* The vehicle must be formulated that it easily wet the particles

* The use of surfactant is desired to ensure uniform wetting of the
powder.

* Once the powder is wetted, the dispersion medium (to which
have been added all the formulations soluble components such
as preservatives, colors and flavors) is added in portions to the
powder and the mixture is thoroughly blended.

 The final product is then passed through a colloid mill or other
blender to ensure uniformity of mixing.




Preparation of suspensions

Precipitation methods
* Precipitation methods include:

1) Solvent-change method

* In this method water-insoluble drugs can be precipitated by
dissolving them in water-miscible organic solvents (ethanol,
methanol, propylene glycol, PEGs) and then adding distilled water to
the solution.

2) Precipitation by changing the pH of the medium
 This is applicable to drugs in which solubility is changed by pH value.

. _ may be prepared by this method




Extemporaneous compounding of suspensions

* In some cases, patients are_medicines such as infants
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* The pharmacist may have to use a solid dosage form and compound a liquid
product..dibs zite caS yis calia ol 50 JS& aladiad ) Jasall ey a8

* Adifficulty that confronts that pharmacist is the lack of ready information on
stability of drug in liquid vehicle. 45 yiu Jeals $Jazy ob B juasilly 44 graa 4a) g (Saa
dia (M 7o s S Al ighy judaas

* To overcome this information gap, the pharmacist

— can attempt to contact the manufactrueraziadll 4 4 of the solid dosage
form to attain stability information.

— Some manufacturers provide in the insert leaflets2l)) S a formula for
preparation of a liquid dosage form.

— A number of extemoraneous formulas are available in professional
literature




Extemporaneous compounding of
suspensions

 Information of an extemporaneous preparation:

1. The contents of capsules are emptied in a mortar or the
tablets are crushed in a mortar with a pestle.

2. The selected vehicle is slowly added to and mixed with
the powder to create a paste and then diluted to the
desired volume.
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Observing formulations for evidence of
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 USP/NF Chapter <1191>

1. Major sign of suspension instability is a “caked” solid
dosage that cannot be re-suspended by a reasonable
amount of shaking—> no longer flocculated

2. Presence of relatively large particles = excessive
crystal growth

3. Microbial contamination (discoloration, turbidity, or
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Summary

Pharmaceutical suspensions are a powerful type of formulation which can be
applied against a range of diseases, overcoming a number of challenges associated
with solutions.

A “good” suspension should contain small and evenly-sized particles of drug,
dispersed a liquid carrier. The suspension must be redispersible upon shaking.

All suspensions will sediment over time. The rate at which they do so can be
controlled through e.g. changing the viscosity of the liquid medium.

But, ultimately for a deflocculated system the formation of a dense, permanently
bound, “cake” will result — this needs to be avoided during the shelf life of the
medicine.

The only way to prevent caking is through using flocculating agents (usually to
modulate the Vg forces).
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