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X ety 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.



What is a dispersed system
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Continuous phase / .' 0 0 'l(

(dispersed medium)
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* A system in which one component is dispersed as
particles (un-dissolved) or droplets (immiscible)
throughout another component.

UA dispersed system could be

suspension,

Dispersed
Phase

4 colloid, gel,
emulsion, loti

on, cream,

ointment, suppository, troche, or medication

stick.

Size of the dispersed particles is the important

factors

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

So: X
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Classification of disperse systems

Dispersed | Continuous

phase phase
Liquid Liquid aerosol Cloud
aevosol
Solid Solid aerosol Smoke
Gas __ Liquid Foam .—  Bath foam —
Liquid — Liquid Emulsion Milk
orl+ WQ{'«r‘
Solid — Liquid Suspension Calamine
Liquid Solid Solid Ice cream
emulsion

NG U P tets il il )
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Part 1: Introduction and advantages

Definiti —
]  oispersedphase
Continuous phase
(dispersed medium)

* A suspension consists of a dispersion of insoluble

| solid particles in a liquid. |

‘oo D
* In a suspension, the particle size is generally > 1um.

* Different to a colloidal system, where particle size is

<1pum.
——

ml'cr/glg,
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?

* Inatrue solution, the drug molecules are dispersed on
. . S— .
the molecular scale in the solution — each molecule is
isolated from all other drug molecules;

_ JS v
* In a colloid, we have particles of drug — aggregates
consisting of many drug molecules.
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Why use suspensions?
1. To formulate Poorly soluble drugs into a liquid form if they cannot
M GUAL TS s \anes 955 Wmer S sbtlode
2. For taste masking — unpleasant tastes may be less noticeable in
suspension than in solution (Ex. paracetamol). (Why?)

Suspensie

3. 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. L)f’ \M_,WL,:VJ| A5 VI (Mo
L= . “S. =

1. Easier to swallow than solid dosage forms.

2. Some materials are required to be present in the GIT in a finely
divided forms (ex. Kaolin and MgCO, are used for the adsorption
of toxins).

9

Usage of suspensions:

Oral administration (sweetened, flavored).
Topical application.

Parenteral routes (non-sweetened, non-flavored):
},L( intramuscular, intradermal, SC).

4. |Intra-oculr.and intranasal suspensions (non-sweetened,
a d
non-flavored). !
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Disadvantages of suspensions:

su,f)eni‘en W\\g

shabilily belhr tan silKion o g b
1. Physical instability—> settle over time—> lack of

u_n_ﬂmﬂu_f_dme% shake before administering each
dose.

3. Suspension formulations may be bquy and therefore
ditficult for a patient to carry.

Properties of a good suspension

* The suspension must be easy to disperse after shaking:

This is called redispersibility — —
S—— — ?:
° e A good suspension
d Shak ° oS
Stan ake
— el G S— ® oo
°© °o —
[ )
® oo 00% %%
“Freshly prepared” Over time, the
suspension particles will sink to ——
the bottom of the A bad suspension
container 0®
00% %% 12
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Properties of a good suspension< camé <~

* 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.

A good suspension A bad suspension: A bad suspension:
particles too blg N particles are different
o~ suesv«

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.

The three doses
(boxes) contain very
different amounts of
the drug here.

A good suspension A bad suspension

U el Upnes,
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ill the sedimentation velocity go up or down if we:

* I Increase the radi? 0£ the particles?
« ' Increase the density of the solid? 7
* Increase the density of the liquid?

» Decrease the density of the liquid?

* Increase the viscosity of the liquid?

* Decrease the viscosity of the liquid?



Stokes’ law

Will the sedimentation velocity go up or down if we:

* Increase the radii of the particles?

* Increase the density of the solid?

* Increase the density of the liquid?

* Decrease the density of the liquid?
* Increase the viscosity of the liquid?
* Decrease the viscosity of the liquid?

Sedimentation and suspension

e The velocity of sedimentation is

— given by Stokes’ Law:

v . .
o = the density of the solld;g!’)‘o
p = the density of the liquid; o
n = the viscosity of the liquid;

v
&
> v_2aglo-p)

L —

N~ @ A -
: e on
0 0

(J

§' .0:0 a = the radius of the solid particles; u >,¢

22/10/2012

g = the acceleration due to gravity. v =9.8 m/s
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The sediment ratio

Clarified zone . .
. ] Sediment ratio, R:
Discrete particle settling |® o® °

R = Volume of sedimented layer (V,)

Hindered settling
Total suspension volume (V,)

Transition zone Or,

Compression

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

Sediment Ih
y

The sediment ratio

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

hOI
Sediment ratio

A
1

> Time

s pipie VNI G Eop g
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Part 2 :How to make a suspension?
ko form a g_lam’ SusPension

* First, we need the drug! It must have|small particles of

hiform size

* If the drug is water-insoluble, we may add a wetting
agent. This breaks the interfacial tension, ensuring the

solid particles disperse easily throughout the liquid.

| Interfacial tensionlis an energy barrier which prevents
the liquid spreading around the solid.

I 6 0%
Interfacial tension

* Considering a single solid particle:

Low interfacial tension: the liquid High interfacial tension: the liquid

spreads around the particle does not spread around the
particle

This should give us a good This will give us a bad suspension.

suspension.

20
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Wetting agents

Several types of wetting agents:

* Surfactants—e.g. /\/\/\/\/\/\/\/\)(1
O"Na'

* Hydrophilic colloids

* Simple solvents — e.g. alcohols, glycerol

21

Wetting agents

— S—
Hydrophobic —  _— M} o/ Hydrophobic
particles — 0 4 0 particles
')’ ‘ .0
7 °
Aqueous medium — ® ®%%0
Clumping Dispersion

* Increased wetting of hydrophobic drug particles leads to a
decrease in surface tension. /cads _ L [srm o jooJ Suspensian

22
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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

23

Wetting agents

* Wetting agents also decrease adsoption of particles to the
container by applying a repellent coating to the particles in
the suspen5|on

a1 e 52 M g e walkvy s

* Without a wetting agent, particles tend to stick to the

contamer
~—

Wettmg agent -

Clinging Dispersion

24
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Flocculation

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

e Deflocculated, its.

* Flocculated,|where the particles exist as loose aggregates|

100 '1’07
|

50 ‘;Ixeu § 50

Deflocculated & 5‘5’ i seoment %

Flocculated suspension N
Deflocculated Flocculated

25

Deflocculation

* In a deflocculated system, the rate of sedimentation depends
on the particle size, but generally i |s @

1> -> ->
Y ° % oo
‘:0: ':0‘: .‘0‘0“. ."0.:‘: 893

* A slow rate of settling prevents liquid entrapment in the
sediment, which becomes compact (“caked”) and is very

difficult to redisperse.

26

deblocealated parkides sty dowsm slower Han
F]ocw’af«/ onés ,bJ C/ouu—IJaJ is bc”’ef‘
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Flocculation

* In a flocculated system, the-aggregates settle quickly. This

leads to liquid entrapment in the sediment, which tends to be
fairly easy to redisperse.
oy 2

-> -

%8 83

o° 23 33 °

* So,in pharmaceuticsl, flocculated suspensions are better then
| deflocculated onesl(why do you think this is?)!

27

Flocculated vs. deflocculated

Flocculated system Deflocculated systems

Loose aggregates of particles Particles exist as discrete units
—
Large volume of final sediment Small volume of final sediment
-—
-
Rapid sedimentation rate élow ,edimentation rate
Suspension cIears‘quickIy [ Suspension remains cloudy for a

prolonged period of time
Entrapment of liquid within'dp U\Z¢ Liquid entrapment in the sediment
sediment Suspension gzn Jpn- is prevented

Easy to redisperse sediment Difficult to redisperse sediment
—

28
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Flocculated vs. deflocculated

R = Height of sedimented Iayer(r;))
Initial height of suspension@hoi )

Sediment ratio

Deflocculated

4
o/
Flocculated
Y ps
o > Time
]
LAY Pl
'’ Flocculation %/ Y
/A;el 29
—_—
Aadition of
flocculation
polymer
g5t v sty Mwmgﬁm
d - )
Sedimenbation J5 <7
L o P V3
costet * Remember: 2a2g(0 —p)

Vv

%h)

o |If w n) of the liquid phase, the rate of
sedimentation ireduced)

* For this reason, materials may be added to a suspension with

the aim of increasing viscosity.

30
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Viscosity enhancing agents

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

Sediment ratio

No viscosity enhancer

“ag ’
Vsl emgin
F . S Viscosity enhancer
) Jeir- : J
a5 Viscesiry > Time

31

Viscosity enhancing agents

Examples of viscosity enhancing agents include:
oS

* _Palysaccharides (acacia, a_Igila_tgs, tragacanth, starch, xanthum gum).

* Celluloses (methylcellulose, hydroxyethylcellulose, sodium
carboxymethylcellulose).

* Hydrated silicates (bentonite, magnesium aluminium silicate).

* Carbomers and silicon dioxide .

PRE———

32

16



22/10/2012

Viscosity enhancing agents

U;‘su.ﬁ'bl:ﬂ'!\sl'a‘

- o g0 f‘/u | ]

Aol * We need to take care when using

Suspension < these —if a sus ion i

o o, Gl pension is very

UG s it . .

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.

33
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Caking

* Caking cannot be eliminated by reduction in particle size, or
J by increasing the viscosity of the continuous phase;
G e J;_:,!J-,law,-' C2Po— T oo’ Cloq ey G 1 (,s_,’*:lu Viscosky U™ P8 iSo @

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

* To prevent caking, we need to consider{flocculating agents.|

34
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Part 3: How to avoid caking?
Flocculation

* In Pharmacy, flocculation is preferred , whereas caking is
not.

& p Suspemiodl Gp Cakhe e Was g

« Why? ¥\s b £ o HM«MJ&Q’J

* To achieve flocculation, we often need to add additional
components to a suspension.

35

Flocculating agents

* Flocculating agents act th minimise the extent of caking in a
suspension.

* Ideally, we want a partially deflocculated system.

Too deflocculated Too flocculated

Partially
deflocculated:
just right!

36
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Examples:

VR e FE

Flocculating agents

22/10/2012

-~
1._Electrolytes (sodium acetate, phosphate, citrate).
Sk s

. o
an,ﬂ' ILJ .

N
2 _Sur_faci'.a.n.ts(lgmc or n.0}|on|c)

3. _Polymers (starch, alginates, cellulose derivatives).

4. Carbomers or silicates.

bﬁ &éal'/aﬂg bes

37

FloccSren
oo o 'fs-

Part 4: How to avoid caking II?

Zeta potential / mV
100

-30

A

Ca kirg_g

o

Caked

Noy

Caked

Sediment ratio

0.06

0.03

©

> [KH,PO,J:9

19
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Caking
Bismuth subnitrate particles hav

charged surfaces. = -
g WA
Initially therefore the suspension is deflocculated ﬁ‘ﬂ 3 k"a‘- "-ﬁ
CETOtEEt Ry Tl
Adding KH,PO, causes a reduction in zeta potenti o »
of the particles, because the particles adsorb ~ Charge neutralization/ Patching
phosphate anions.
As more KH,PO, is added, the zeta potential
reduces to zero and then turns negative.
To obtain a flocculated non-caking suspension, ibemend
need to control the zeta potential by adding the
[_correct amount of electrolvte |

39

Surfactants

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

N\
ONA-

O O

Sodium lauryl sulfate [anionic] ¢=\ o O @

Solid particle

Cetrimide [eationid) ) | /
<@
\

‘d ‘d

O, ¢ O

Flocculates with dispersing agent 40

=

20
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Polymers

e Starch or Alginate.
* 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. . G 5 s M

Olp | us>
(a) P - \,u J_>)| (.
Q + %8R —>
09
Ultrafine 10-30 nm High M,, water -
anionic silica sols soluble polymer silica aggregates

* If there are no other particles to interact with, the free end of the
polymer coats the particle. i
|deflocculated system; |

* So we need to carefully control the polymer concentration.

—

41

Rheology of suspensions

Ideally, a suspension will have the properties of:

—~
1. Redispersibilit\J (dispersed on gentle shaking);
tr
2. [Homogenity|(constant particle sizes); @
_ _-if e viscosity
3.| Pourability|(easy to pour). s nl ho high

* Aflocculated system’s structure breaks down on shaking,

and reforms on standing (i.e. the viscosity of the system
changes).

42

21



22/10/2012
PA)’""C(:S Si2e

v shaet abbe A a\j/mua + shab;lity

v un iﬁl’ m

The particle shape|can also affect caking and

product stability:
-_—
It has been shown that cfﬁkgﬁ'ﬂs l
symmetrical barrel-shaped Oral Suspension (not USP)
particles of calcium carbonate
produced more stable e i
suspensions than did [t oo

KEEP FROM FREEZING

asymmetrical needle-Sha ped SHAKE WELL BEFORE USING

particles of the

Colesum arbonade | = giznouns

. Y Roxane Laboratories 500 mL

The needle-shaped particles
formed a firm sediment cake : _—
on standing that could not be it ’?‘.’L? :
redistributed, whereas the { =)
parrel-shaped particles (did) B
cake upon standing

—_

Examples of suspensions

Antacid oral suspensions
Antibacterial pral suspension
Rectal suspensions

Sustained release suspensions

44
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'Antacid Oral Suspensions

d;l,/_,_‘;l_,..,e—\MOSt antacid preparations are .composed of waFer-
Y] insoluble materials that act within the gastrointestinal
sul oY . .
dol = tract to counteract the acid and/or soothe the irritated
cY fnd or inflamed linings of the gastrointestinal tract.

WQ"J—SO"‘U(‘L[ U. A few agents are employed, including

sodium bicarbonate, but for the most part, water-

waterZ insduble A\ salts of aluminum, calcium, and magnesium
My ~are employed; these include aluminum hydroxide,

(p aluminum phosphate, dihydroxyaluminum

aminoacetate, calcium carbonate, calcium phosphate,

magaldrate, magnesium carbonate, magnesium oxide,

and magnesium hydroxide.

45

H N
m'ﬂ) NDC 0536-0025-83 Drug Facts
) Active ingredients Purposes
(in each 5 mL
Abriram hydrsids 200 mg equbent 1o died gel USP) Molacid

Almacone

Abming, Magnesia, and Simethicone Warnings
Ordl Suspension USP Atk 3 doctor before use If you have - Kidney disease
* & magnashim-estictad det

ANTACID (Nt

ANTIGAS w o rech ol irn.
Directions - sas vl s =2 - st chicen

older: 1ske 210 4

VERY LOW maummm ammmmu

fan 2 wioks * au-mun aska doctor
Other Information - eshs m. espoontid contains:

SODIUM

obibee, purfed walet,secharh soshm, srie| sksfcn
uestions or comments
Call 300-645-2158, 9 8 - 5 pm ET, MondayeFridsy
Laborkies, bz nct
“ g |III| ||I|||||
umunuuh uI
37 0536-0025-83

Alconoi: Lossthan 0.5% | (G y

46

73 D RSP}
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Example
* An example formula for an Aluminum hydroxide Suspered 3% 8¢
oral suspension follows. compressedgel
o Soritlsclton - £~ 2820m.
* The suspensoid is the Svrup o 93.0mL
antacid aluminum hydroxide, g-’l)mﬂ — ' %%ONL
. ethylparal Vg
the preservatives are Pl }1\;:\'9 03¢
methylparaben and Flavor gs.
propylparaben, and syrup Purified water, to make 1000.0mL
and sorbitol solution provide
the viscosity and sweetness.
Suspens oid Preser vabives Viscosidy ¥ sweedt hess
antacid aluminum  methylparaben Syrap + serbitdy
d sdichion
Voxid an
hydroxide propylparaben

®

Antibiotic Oral Suspensions
Practi-Powder Vial™
Saedb Kl g5 lph s

* Dry powder forireconstitution..

* Drugs that are_unstable if maintained for extended
periods in the presence of an aqueous vehicle (e.g. many
antibiotic drugs) are most frequently supplied as dry
powder mixtures for reconstitution at the time of
dispensing.

* Many antibiotic materials are unstable when maintained

in solution for an appreciable length of time
Fa( l'h'.“ Y2 asehe 'k CXI'S,'S in ”(7 borm 48
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Rectal suspension
"QJ@rt is a _hydrocortisone
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.

NODC 0574-2020-07

COLOCORT®

Hydrocortisone Rectal Suspension, USP (Retention)

SHAKE WELL BEFORE USE
FOR RECTAL USE ONLY

* |t contains| hydrocortisone| in an
—agueous suspension that contain
_carbomer, __polysorbate (80}

purified water, sodium hydroxide,
and methylparaben.

7 X 60 ML UNIT DOSE

=
SPaddock A
Laboratories, Inc. PRELER.

PRODUCT
NFORMATION

S e T

49

Packaging and Storage of Suspensions:

1) Should be packaged in| wide mouth tight containers

M‘(‘\havmg_adequaie_alLspamb_oye the liquid to permit
d’UJ;:;o\”/‘ thorough mixing by shaking and an opening large
JJ) Jw e enough to pour a viscous liquid easily.

2) Should be stored at room temp or refrigerated

protected from:-freezingexcessive-heat-&light:
y v )
3) Stored in room temperature if it is owd e- It uv:’%".’i,,,%

il
should be stored in the refrigerator after opening or v ‘)-:aoy'r
reconstitution (freezing should be avoided to prevent s alo Vel
aggregation). -8 o

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 ”intirnal use”

50
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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 easilthe

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.

HewParticle size can be controlled®y controlling rate of water

addition, temperature, agitation,...

2) Precipitation by changing the pH of the medium

* This is applicable to drugs in which solubility is changed by@

value.

Insulin|suspensions may be prepared by this method

22/10/2012
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raneous compounding of suspensions

Jdehed! (Zaid 315 °
g ep |
N—

In some cases, patients are not able to swallow solid
medicines such asI infants and elderlyl
The pharmacist may have to use a solid dosage form and
compound a liquid product.

A difficulty that confronts that pharmacist is the lack of
ready information on stability of drug in liquid vehicle.

To overcome this information gap, the pharmacist

+— — can attempt to contact the manufactruer of the solid dosage

form to attain stability information.

,— — Some manufacturers provide in the insert leaflet a formula for

preparation of a liquid dosage form.

— A number of extemoraneous formulas are available in

professional literature
53

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.

22/10/2012
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Observing formulations for evidence of
instability:

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 gas
formation)

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 V, forces).

éb‘u*<%b'{b¢~dl
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