SUSPENSIONS

solvents to provide a stable product.

Criteria for a Good Suspension

A good suspension should usually possess the

following desirable properties :
(1) Suspended matter should not settle rapidly.

(#) The particles which settle should not form a hard cake and shou

Id redisperse

ing, "

(#if) A good suspension should not be too viscous to pour.
(iv) In case of parenteral preparations, the suspension should flow out of syringe nee

(v) Suspension for external application should be easy to apply and not run off.
dry off too quickly.

(vi) A good suspension should have a smooth, elegant appearance. |
(vii) It must have an acceptable colour and odour. 3
(viii) It must be resistant to microbial attack. | E
(ix) The suspended ingredients should not hydrolyse or degrade too rapidly or unc

~ Ideally, suspensions should be thixotropic, i.e., these should become visec us
should thin readily on shaking. This prevents sedimentation of the drug during storag

These are the surface free energy increase resulting from the increase in
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ing formulation of a suspensi (
DU:') :r to disperse in z; con:)‘ o Work is done to reduce the particle size (i.e., i the surface
. i S size (i.e., increase the
“:ier to increase the stabilit m“?% mtdnfm' F'his makes the system thermodynamically unstable. I
;)re i Biier by weal v:,’, de:;/lcslcllhcr flocculate, i.e., form a light, fluffy conglom;:rate t'hat
. er Waal s forces or they s g4
- ' ey settle down to f ¢ ‘te

.ake). Caking usually occurs ‘ : orm a compacted aggregate

(ukT:‘e increie % fr);e . urs by the growth and fusing together of crystals in the precipitate.

§ nergy due to reduction of particle size is given by the equation :

AG = yg AA

where,
AG is the increase in work or surface free energy

yg, isthe interfacial tension between liquid medium and the solid particles.
AA is the total surface area.

With excess free energy due to the increase in surface area, the system tends to approach a
stable state by reducing the surface free energy to zero. When the surface free energy approaches
zero, the system becomes thermodynamically stable. Reduction in the surface free energy can be
accomplished either by reducing the interfacial tension or by decreasing the interfacial area either
through flocculation (desirable) or aggregation (caking — undesirable). The interfacial tension can
be reduced by the addition of a wetting agent which gets adsorbed on the surface of the suspended
particles. The wetting agent is however not able to reduce the interfacial tension to zero and hence
a suspension generally possesses a finite positive interfacial tension as a result of which the sus-

pended particles tend to flocculate or aggregate.

2. Electrical Properties

The forces acting on the surface of the suspended particles also affect the degree of flocculation in

a suspension. Forces of attraction arise from van der waal’s forces while forces of repulsion result
from the interaction of electric double layer surrounding each particlexThese result in the potential

energy of attraction and the potential energy of repulsion. Fig. 6.1 shows the potential energy of two
particles plotted as a function of the distance of separation. Shown are the curves depictir'lg. the
energy of attraction, the energy of repulsion and the net energy curve with a peak and two minima.
‘ the repulsive energy is high, the potential barrier energy is also high and it prevents the
lision of ‘ approaching particles and hence, they remain deﬂocculatfad. When these deflocculated
Wﬁﬁ%ally settle, they tend to be closely packed and the particles at th.e bottorp gets com-
sed by the weight of the particles in the upper |layer as well as by the dispersion medium. At .thls
m-,m barrier is OVercome and the particles come closer and closer and they enter |r.|to
imary minimum. As a result, they experience - ttractive forces and ultimately form a hard cake like
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Fig. 6.1. Potential energy curve for particle interactions in suspensions.

h energy is required. Hence, even o

sediment. To regain the original energy barrier, a hig
sily achieved and the particles remain a

vigorous agitation, the redispersion of the particles is not ea

a cake.
When the particles are flocculated, the energy barrier is still too large to be overcome an
proximately from 1000 to 2000A in th

therefore the particles remain separated by a distance ap
secondary minimum. This distance is sufficient to form the loosely structured floccules.

Flocculation and Deflocculation in suspensions

The overall charge existing on the suspended particle is the zeta potential and it is a measurab
indication of the potential existing at the surface of a particle. Therefore, flocculation and deflocculatic
may be considered in terms of zeta potential. When the zeta potential is high, the repulsive forc
between two particles exceed the attractive van der waal’s forces and the particles remain disperse
These are then said to be deflocculated. These particles resist collision due to their high surfa
;ﬁ)te/ntigljyen if thWrought close by way of random motion or agitatjon.

The zeta potential can be progressively lowered by the addition of an electrol'yte whose char
is opposite to that of the suspended particles. At some concentration of the electrolyte, the forces
attraction dominate slightly over the electrical forces of repulsion. Under these conditions the par
cles approach each other and form loose aggregates commonly called flocs. Such a suspension

said to be flocculated.
If however, a large amount of the electrolyte is added, the suspended particle attain a siro

opposite charge by adsorption of the electrolyte and become deflocculated again.
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Suspending or thickening agent. These structured vehicles act by entrap the partigle and do
not allow the sedimentation of particles. On long storage, deflocculated particles in a
structure vehicle form solid hard cake, Therefore during formulation fE Fpension

ﬂoccu(ljated particles in structured vehicles are preferred. This provide uniform dosing when
poured.

4.5.2 WETTING OF PARTICLES

The dispersion of insoluble powder in a vehicle is major step during the formulation of
suspension. Powders those are not easily wetted by water such as sulfur, Fharcoal and
magnesium stearate are called as hydrophobic while the powders those are readily wetted by
water are called hydrophilic. e.g. zinc oxide, talc, magnesium carbonate etc.

For the powders that are not easily wetted, wetting agents such as surfactants, hy.drophillic
polymers and solvents are used. Surfactants are used to lowers the solid-liquid mferffacial
tension. They act by displacement of air from hydrophobic material and allow the llquxq to
surround the particles for proper dispersion. Hydrophilic polymers such as sodu}m
carboxymethyl cellulose, certain water-insoluble hydrophilic material such as bentonite,
aluminum-magnesium silicates, and colloidal silica, either alone or in combination are also
used. Solvents such as alcohol, glycerol and glycols which are water miscible are also used to
decrease the liquid / air interfacial tension.

4.5.3 USE OF CONTROLLED FLOCCULATION IN CASE OF FLOCCULATED SUSPENSION

Controlled flocculation of particles is obtained by adding flocculating agents such as
electrolytes, surfactants and polymers. The flocs are advantageous because they do not form
hard cake and easily redisperse.

(a) Electrolytes: They act as flocculating agents. They lessen the electric barrier between
the particles and form a bridge between adjacent particles.

Example: Dispersion of bismuth subnitrate in water. As bismuth particles possess large
positive charge. Because of the repulsive force between adjacent particles, the system
remains in deflocculated state. The addition of small amount of monobasic potassium
phosphate (KHzPOs) to the suspension causes the adsorption of the negatively charged
phosphate anion on positive charged bismuth particles. As a result repulsive force start to
decrease and attractive force start to form. The particles come closer to form aggregates or
flocs.

(b) Surfactants: They are also used for flocculation of suspended particles. They also act

as wetting agents to achieve dispersion. Both ionic surfactants (sodium laury!
sulfate) and non ionic surfactants (Tweens) are used.

(c) Polymel-m They are high molecular weight compounds. These agents also act as
flocculating agents. In polymers, part of the chain is adsorbed on the particle surface

cv)\;l}lﬂoecs . ding into the dispersion medium. This lead to formation
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RJM‘“' Considerations

~ . _i.al considerations are important in pharmaceutical suspensions since they affect the viscosity
d suspensions which i|‘1 turn affects the settling and redispersion of the dispersed particles.
Rheomgical attributes also influence the flow property of the suspensions when the containers arc
haken and when the product is poured from the bottle. Rheology is also important in the case of

external preparations which are suspensions as they must spread properly over the affected area
when apphed

Most of thF pharmac.:eutical suspensions exhibit plastic or pseudoplastic characteristics along
with thixotropic properties. The rheological properties depend on the degree of flocculation of the
dispersed phase as well as on the type and quantity of the suspending and thickening agent added to
the system.

The preferred rheological behaviour for a pharmaceutical suspension is that of pseudoplasticity
along with thixotropy. The product thus becomes thick on standing. This prevents or reduces the
settling of suspended particles and elegance of product improves. On shaking the product becomes
fluid and pouring of the suspension from the bottle and hence dosing becomes easier. Thixotropic
character of the product ensures a slow recovery after shaking so that the particles in the product
can remain suspended.

Proper selection of the rheological characteristics also improves the physical stability of the
suspension and problems like settling, caking and particle growth can be avoided.

EMULSIONS

An emulsion may be defined as a biphasic system consisting of two immiscible liquids one of which
(the dispersed phase) is finely subdivided and uniformly dispersed as droplets throughout the other

(the continuous phase). Since such a system is thermodynamicawnstable, a suitable
agent is required to stabilize the system.

emulsifying

The dispersed phase or continuous phase can range in consistency from a mobile liquid to a
semisolid. Thus pharmaceutical emulsified systems range from lotions and oral emulsions of rela-
tively low viscosity to ointments and creams which are semi-solid in nature. The particle size of the
dispersed phase generally ranges from 0.1 to 100 pm.

TYPES OF EMULSIONS
1. Oil-in-Water Emulsions

In pharmaceu | aceutical emulsions, one phase is usually water and the other an oil, fat or waxy substance.
Systems in which oil is the dispersed or discont hase and water is the continuous phase are
termed as oil-in-water (o/w) emulsions. Such emulsions are usually preferred for oral use since the
lisagreeable taste and odour of the oil is generally maflégby emulsification. Additionally, ﬂw’{

dministra suld also be of o/w type. Oil-in-water emulsions are also useful for preparati

‘a finely dispersed state gets easily assimilated in the body. Emulsions for intrav
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-h as | iments since they provide a non-greasy feeling
external use such as creams, lotions and linime y pr In"_

mm easily be washed off from the skin.

2. Water-in-Oil Emulsions |
oil forms the continuous or external phase v

Water-in-oil (w/0) emulsions are those in which -
water is the dispersed or discontinuous phase. Such emulsion are mostly used externally as cr
and lotions. Such emul$ions have an occlusive effect on the skin and are useful for the pre paratic

solubilize the oil-se I

Ws. They are also useful as cleansing creams since they :
irt from the surface. Certain medicaments such as antiseptics are more effective when used ir

form of w/o emulsions. These emulsions are however not always acceptable cosmetically bee

of their greasy feeling.

e

3. Multiple Emulsions .
In addition to the two types of emulsions discussed above there are certain complex, multiple emuls
in which the oil-in-water or water-in-oil emulsions are dispersed in another liquid medium. Thus,

oil-in-water-in-oil (o/w/0) emulsion consists of very small droplets of oil di§per:;Led in the water globt
of a water-in-oil emulsion and a water-in-oil-in-water (W/o/w) emulsion consists of droplets of ¥ _

dispersed in the oil phase of an oil-in-water emulsion. More complex systems, such as water-in-C
G —— ag s e % . .
‘-water-in-oil-in-water emulsions, have also been developed. The preparation of multiple emul:

involves two stages. For example, a w/o/w emulsion is prepared by first forming a water-i
system and then dispersing this primary emulsion in a second aqueous phase. Multiple emulsion ha

been proposed as potential candidates for sustained release dosage forms since the drug entrap
in the innermost phase has to pass through two other phases before being released for absorpti
4. Microemulsions

Normal emulsions generally contain globules ranging from MMM@ Microemuls

are emulsions that contain globules having diameters of less than 0.1 pm. Droplets of such
|

sions cannot refract light and, as a result, are iqvfisiblc to the naked eye. Microemulsions ther
appear as transparent solutions and are more acceptable physically in comparison to conventic
emulsions. Microemulsions have been employed for preparation of both external as well as &
formulations where they have exhibited better bioavailability than conventional emulsions.

IDENTIFICATION OF EMULSION SYSTEMS

Anumbuof‘mhlwheenpmmedtodeﬁermineﬁ!c!ypeofemulsion. However, the results
one test should not be taken to be conclusive and the identity of an emulsion type should alw
confirmed by at least two test procedures. g

1. Dilution Test .

The 8 ofunulsionmybebm&m:gnmhimwﬂhoﬂorm.
-: mhwmiﬁmM(c.;.mikum
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i i0-opaque ¢ hacdiid T .
(111) Radio-opaque emulsions are used for diagnostic applications such as X-ray examinati
iv) O/w type e S L s 4 e . o
(iv) | \"_; e emulsions have been used for intravenous administration of oils and fats with h
calorific value to patients who are unable to ingest food by oral route. )

v sions of '
(v) Emulmops of th o/w and w/o types hav.c extensively been used to prepare pharmaceyj,
preparations for external use and cosmetic preparations such as creams and lotions.
(vi) Emulsification has also been used in aerosol products to prepare foams.
(vii) Drugs which are susceptible to oxidation or hydrolysis can sometimes be stabilized by fory
lating them in the form of emulsion..
(viii) Bioavailability of certain poorly soluble drugs can also be improved by dissolving them in
and emulsifying.

THEORIES OF EMULSIFICATION

When one liquid is broken into small particles, the interfacial area of the globules constitutes
surface that is enormous compared with the surface area of the original liquid. There is an eno
increase in free energy associated with the large increase in surface area of the oil and hence syste;

becomes thermodynamically unstable and separates into two phases due to coalescence of oil drg

[

le

In order to stabilize the emulsion, emulsifying agents are added. These act by reducing th
interfacial tension between the two phases and forming a stable interfacial film between the twi
The stability of a prepared emulsion is primarily determined by the strength and nature of the interfac

film formed.
An ideal emulsifying agent for pharmaceutical use should be stable, inert and free from toxicar

irritant properties. It should preferably be odourless, tasteless, colourless and should produce stabi€
emulsions of the desired type at very low concentrations.

Emulsifying agents can be broadly c'l’a_sgﬁgiin_tg_mmg[gggs :

(i) Surfggants which get adsorbed at the oil-water interfaqe to form monoLm/olecuIar

and thereby reduce interfacial tension.

(i) Hsydropl\\g;c colloids which form a multimolecular film around the dispersed droplets of '

in an oil in water emulsion. |

(iii) Finely divided solids which get adsorbed at the interface between the two immiscibk

liquid phases and form a film of particles around the dispersed globules.

Surfactants are- ? _gommw hydrophilic and lipophilic regions in their molecular strué
ture. These act b adsorbed at the oil-water interface in such a way that the ling_biLiC,.n ¥

poler group & oriented towards oil while the hydrophilic polar groups are oriented towards
water thus f?fmms a stable film. This film acts as a mechanical barrier to coalescence of the glo!
ules of the dispersed phasé"hm@ emulsifying agent also reduces the interfacial tension which i
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ic charges. Neutralisation of

Some emulsifiers such as soaps, cationics, etc. carry electric
breakdown of the emulsion.

charge by an added substance may cause

4. Phase inversions
nt soap) can be l'lIVcr‘)'Cd to the w/o 1

o/w emulsion prepared with sodium stearate ( monovale
by adding calcium chloride to form calgium stearate (divalent 50ap)- :

Inversion may also be produccd by alterations in phase V‘l'i'j"/‘;ragf’ For C)@mplc, I an o/
emulsifier is mixed with oil and a little quantity of water, 8 ¥ o emulsion ig produced by agitaiigy
Since water volume is less, it forms w/o emulsion. B

ut whéﬁ,mgm,wmgr is added slowly, phy
nversion occurs and an o/w emulsion is produged. [nversion h een observed when an ciy
?‘-—v/ ") . .
sion, which has been prepared by heating and mixing the two P

as also b
temperature dependent changes in solubility of the emulsifying agents.

hases, is cooled. It is duc (o, (4
agents in suitable concentratio

Phase inversion can be pre
vented by choosing Prw ns. thrcvcr.pnwhlp it
better to ensure the internal phase does not exceed 74% of total volume of the emulsion.

Assessment of Stability of Emulsions
bserving
ning the degree of cr
For acce

the rate of separation of the disperse phasc asg
eaming. This method is suitablc only

Stability of emulsions can be assessed by 0
lerating study, the rate of creaming

distinct layer from emulsioni.e., by determi
for unstable emulsions that exhibit creaming quickly.

may be increased by centrifugation.

physical stability can be made by studying the changes in siz

Ision with time. Measurement of globule size can be undertakenb
the particle diameters arc measured and a size frequenc
obtained as a graph. The size distribution study is

in the shape of the curve shown indicate unstability
ore reliable result can

A precise assessment of the

distribution of globules in an emu
using a microscope. In this method, initially,

distribution of particles against particle size is

carried out at different time intervals. The changes
Stability can be assessed in terms of rate at which such changes occur. Am

obtained by calculating changes in the number of globules per millimetre.
Other methods such as Coulter counting, turbidimetric analysis and temperature tests have also

been used to evaluate new emulsifying agents and to determine the stability of emulsion.

PRESERVATION OF EMULSIONS

1. Preservation from Micro-organisms
Prcser.vatiun of emulsions from micro-organisms is necessary since these can pr
emulsified systems with a high water content, particularly if carbohydrates proteins or steroid
materials are alsp present. Microbial contamination can result in problems suéh as colour and 0do
change. gas pr O@ﬁm‘%ﬁydmlysi& pH change and eventually breaking of emulsion. Even if ther¢®™
no visible physical changes due to microbial contamination, the preparation will be unfit f
administration. Hence it is Wﬂ‘? that emulsified systems be adequately preserved.
| .

oliferate easily !

piTh W
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