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Emulsions EMULSION .

o/l . * An emulsion consists of two 0“’?\
water = immiscible liquids, one of which is

uniformly dispersed throughout the

other as fine droplets normally of = PP A
diameter 0.1-100 pm. A

pispessed ¢hase (oil)

— continuous phase (wo¥ef

Dispebsedatader)
continupsus(oil)

+ At Ieast2phﬁ‘ses:,
v' Disperse or’internal phase s

[CACH]
.7 ¥ Continuous or external phase. (wedec /oil)

media ' v Emulsions can be transparent or
Nehicles1 . wiranslucent for emulsion composed

<" of droplets approximately < 200 nm T §
to milky white and opaque for I, TP
emulsion containing larger c{roplets L 5
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Pharmaceutical application of emulsions
Why emulsions? — < “f
_ o
Oral route: : éu'f(.““u""‘—.*\ii‘od
) * Oral administration of oils or oil-soluble drugs (o/w emulsions).
oil S\ X L) Y . . . —
S oL =X s LN b [ v To enhance palatability of oils when given orally by disguising both

 ategaeld o il IVl taste and oiliness (Taste, odor and oiliness typical of oils are
ex tefnfe— wdel i, suppressed when administered in the internal phase of an emulsion).
_ acluedosad{,)fr’." v Increasing absorption of oils and oil-soluble drugs through intestinal
walls. An example is griseofulvin suspended in oil in an oil-in-water 4
intestin 5 stemaehs / emulsion. ﬁ —_— .:,!\,E.}ﬁ\n’ oil soluble oAt m oil clfcf"e/‘/s

aqeeous med g
SN gmp Bl 8 T3
(o/v\/) emulsiogru s

_ n wedes
v Formulation of oil- and water-soluble drugs together. watel seluble fuy ' )
then [ mix) = emulsion (o /w.
cbuo
Note: Medicinal oils for the local effect of constipation and oral food supplements (=i | soluble vitamens)

oil such as fish liver oil +oral delivery of drugs and vitamins offow aqueou® <s A, 0,61, ?;s):ﬁlw'e, oil
solubility small droplets >> large surface area available for contact at the e~ i

absorption site " ¢ e
- w/o emulsions can be used to prolong the delivery of water solubler@ntigens) = o
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Pharmaceutical application of emulsions
Why emulsions?

- C s Sy \ IM route:
M\} P sz». e —
(elease D' y &2 > * IM depot therapy: Intramuscular injections of

e ouy N some water-soluble vaccines (w/o emulsions)
» P provide slow release and therefore a greater
antibody response and longer-Lasting immunity.

A. IV route:
y\e v~ « IV (o/w)emulsions for hydrophobic drugs.

oun /"‘V '&s\ « Total parenteral nutrition (TPN) makes use of a
£ /\5”‘! .4, sterile oil-in water emulsion to deliver oily Q
Coﬁ\b ;\\’ - J‘f nutrients intravenously to patients, using non- Sutctsann J 7 L
6\0‘\\& '?/} '\N\d\s toxic emulsifying agents, such as lecithin. P '“\“;‘" /,/\\:w
)\5‘2 P \s.\o},?,” B. Topical applications (both o/w and w/o f "y - ; {
o\\ﬁx(w“& ) : 5))‘/ emulsions) }25,\ )‘\_J’ 1 ‘
e | S C. Rectal route Ave) 5
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Formulation of emulsions

ghoses 1, ol Stahility preblems
G“(‘; —;“ \\3;" ) 1. Sedimentation and creaming.
edvm \o

(¢ (eoming Aeaw,t 2 Coalescence or cracking.
3. Phase inversion
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Stability of emulsions

Creaming and sedimentation:

in
-
|

As the dispersed droplets are subjected tggravity force) they tend to move
~upward (creaming) or downward (sedimentation) but not both.
Creaming usually happens in o/w emulsions.

Sedimentation usually happens in w/o emulsion.
most cases oil is less dense than water, hence generally:

Stable o'w emulsion

i : ¥
T g b 4,
} = water ("p\‘.“r(]) ’ # 3 J“t' . "' '::.:' by

N : creaming i '

= ol
Stable w/o emulsion
- - (downward)
) . sedimentation " B o s



. Stability of emulsions
Creaming and sedimentation:

* The rate of sedimentation or creaming is described by Stoke’s

clezﬂs’h) a‘&ﬂﬁ{:’
IaW. (‘3‘0\,”6) '\ (;ﬂddw) e
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« Where v= velocity of sedimentation wi ‘creaming of a
dispersed droplet or globule of radius r, and density o, in a
liquid of density p, and viscosity n, and where g is the

acceleration due to gravity.

« A theoretical consideration of this equation shows that the

rate of creaming will be reduced by:

v Reduction in the globules size. hr

' {
v A decrease in density difference between the two phases.
y of the continuous phaseg t v

(6-P)

v An increase in the viscosit




'\,,4/:,\5—'424:;\\0\3\

oy

- ‘ -

JJ.‘ VJ\“J‘D

shakhi ngllas ! 3 50 Vf"f"’ \

Stability of emulsions drople? f= D1 LS
conhinuoeus:
Creaming and sedimentation: / (reversible)

* The process is reversible and gentle shaking redistributes the
droplets throughout the continuous phase.

However, creaming is undesirable because:

~ if shaking is not thorough, it is inelegant and inaccurate dosing
is possible s
P R S ke | (Fussion)
» Additionally, creaming increases the likelihood of coalescence
of globules and therefore break down of the emulsion due to

cracking
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Stability of emulsions

Cracking or coaiescence:

Coalescence is the fusion of two or more droplets of the disperse
phase forming one droplet.

grecking (cfocki®s)
» This ends up to the separation of the disperse

phase as a separate layer (phase separation).

« Coalescence is an irreversible process and redispersion cannot be
achieved by shaking.

Cracking

Stable emulston
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x\(feNessible Precéss:
* Coalescénce: Fusion ) bwe of more clfo()lefs ko Form lard

x Cracking: Complefe 5,,{7@1#& P Loyes pefween webed

ex Jfop‘ef.
und o) phase

Coalescence

« Coalescence describes the irreversible process in which
dispersed phase droplets merge to from a larger droplet.

« The process will continue until €racking) in this case, there is
complete separation of oil and water phases.
« Coalescence and cracking occur because emulsions are
> — thermodynamically unstable systems hence to enhance their

" -'\’4'?“ g / stability, the dispersed droplets come closer to each other and
: 4;@ (v &) fuse in an attempt to decrease the exposed surface area.
A(oéds)\ ) ) ’ﬁ ;‘)}‘P

Z w - . 3
el AP :é) ” « Coalescence and cracking areJreversnBBl processes and re

Goce \ .
g « [ i hieved by shaking.
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Stability of emulsions
How to enhance stability (to prevent creaming
and cracking)?

« Globule size:

- . - . - “ -

Py od(ﬂeJ_ ‘w‘@ \ v Smaller particles have slower creaming or
sedimedadias) creaming im i i ’s law
JSM\V‘re‘J‘ o i sedimentation than larger particles (Stoke’s law).

” Lo /Stable emulsions require a maximal number of
“ \’56 U

4 smoll sized (\-3 uw) siall sized (1-3 um) globules and as few as
JTew b latael . (“ﬁ\o&\) possible larger (>15 um) diameter globules.

« A hoizer will efficiently reduce droplet

E\s A=y m‘x§n3\3~?‘f.
A(o@lefs = Yels \ Zp

aperture to reduce the size of the globules.

v’ Additionally, reducing droplet size may
additionally increase the viscosity if more than

30% of disperse phase is present.
0o 307 v {,{fg\.s T emudsion 2! o\S 15,
' J(o@'eji size Y 5 Viscesily) Il 9=y, ¢

size by forcing the emulsion through a small__m

,,q__
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H .
OW to enhance Stability (to prevent creaming and cracking)?

- By keeping the concentration of dispersed phase >

J"’())dseﬂvd ’o‘)\})ﬁ\“‘fj /2000.
\ £ P =

o, M Emulsions containing > 20% disperse phase result in
- . e d’\éJF h d
L \dsn Yo . Indrance of movements of the droplets — Therefore
0""( AP ¢! . there will be reduction in the rate of creaming compared
ws'\of‘ \2 ¥ ' to emulsions where the dispersed phase is < 20%.
OY{\'\(\W .2) V2
cl¢ oy Higher percentages of oil phase (o/w).

K_——"Higher amounts of solid fats in the oily phase (i.e. high
ratios of solid fat to liquid fats).

13



Stability of emulsions

How to enhance stability ( to prevent creaming and cracking)?

B e s by {1 Viscosity of the continuous phase:

: v’ Increasing the viscosity of the continuous phase will reduce the
L e D velocity ; Y p

) ol \w/es potential for globule creaming and hence coalescence as this reduces
il ™ moV@‘"e/’d 9 the movement of globules.

il c(eaming ond 0'“"9/\5/‘ How to increase viscosity?

> Viscosity enhancing agents, which increase the viscosity of the

continuous phase, may be used ia’o/w _2mulsions. e.g tragacanth,
sodium alginate and methylcellulose.

> Decreasing the droplet size of the internal phase.

\\2:;,612

Heme 3=



Stability of emulsions

How to enhance stability ( to prevent cracking)?

U Using emulsifying agents (hydrocolloids, surfactants and

other) :
& 3o° e \oe G"f = Forming interfacial film mechanical barrier which decreases the
AfDQ\. o 7B 2 /' potential for coalescence.
N \’)\ Y 'S_g_[factants may reduce the interfacial tension between the

G two phases.
@L\X/"/ = Hydrocolloids enhance the viscosity of the medium.

,w‘“/“"““’

Note: Care should be taken for any effects that could affect the
interfacial filr (chemlcal phy5|cal or blologucal effects).
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Stability of emulsions

How to enhance stability ( to prevent creaming and cracking)?
U Storage temperature:

b

217, 0P o
w7 K
\o K i
0 iy 5
?uﬁ""(\j{? (a()q(\")) > =
, G ) A
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Extremes of temperature can lead to an emulsion cracking.

When water_freezes it exr;;r';ds, so undue pressure is exerted on
dispersed globules and the emulsifying agent film, which may lead to
cracking. probably because the ice formation disrupts the interfacial
film around the droplets.

Conversely, an increased temperature decreases the viscosity of the
continuous phase and disrupts the integrity of the interfacial film.

An increasing number of collisions between droplets will also occur,
leading to increased creaming and cracking.

|




Stability of emulsions
Phase inversion
~ Emulsion type is determined by:

= The oil to water ratio (amounts).
= The solubility of the emulsifying agent

» Phase inversion is the process in which an emulsion changes
from one type to another, say o/w to w/o.

 The most stable range of disperse phase concentration is 30-60%.

If the amount of disperse phase approaches or exceeds a

theoretical maximum of 74% of the total volume, then phase

inversion may Ooccur.
» Addition of substances which alter the solubility of an
emulsifying agent may a_lso cause phase inversion.

» The process is’feve@
17



Formulation of emulsions

Emulsifying agents (emulsifiers):

An emulsifying agent is any material that enhances the

stability of an emulsion (i.e. Prevention of coalescence and
reducing creaming).

The ideal emulsifying agent is

colourless, odourless, tasteless, &V L Vs, np W

non-toxic, (7
¥

non-irritant 2%

able to produce stable emulsions at low concentrations.
Emulsifying agents are either:

a) Hydrocolloids.

C
d) Auxiliary emulsifiers.

oot

b) Surface active agents (SAA) (surfactants).

Finely divided solids. .
GNP x

el
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Dermatological emulsions

« They are the largest class of emulsions used in pharmacy

and range in consistency from fluids lotions and liniments to

semisolids (creams). el gl el e Y ki

« A w/o emulsion can usually be applied more evenly, because

the skin is covered with a thin film of sebum, and this surface
is more readily wetted by oil than by water.

A w/o emulsion is also more softening to the skin, because it
resists drying and removal by contact with water.

Dermatological emulsions can facilitate drug permeation into
and through the skin by occlusion =

T
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Emulsifying agents
Hydrocolloids

Natural Polysaccharides:

* The main problem with these agents is their@atural)

variability —between batches and  microbial
contamination.

 These materials should not be used externally as
they leave a sticky feel on the skin.

\ “"« “Acacia _is the best _emulsifying _agent _for

extemporaneously prepared cral emulsions as it
forms a thick film at the oil-water interface to act as
a barrier to coalescence. It is too sticky for external

use

3 Tragacanth is used to increase the viscosity of an

emulsion and prevent creaming. : &

« Other polysaccharides, such as starch, pectin andvo
carrageenan, are used to stabilize an emulsion. 2

-‘ . ;if._‘{._«'-f

camageenan




Emulsifying agents
Hydrocolloids

Semi-synthetic polysaccharides:

These are derived from the naturally occurring polysaccharide

cellulose and generally form o/w emulsions.

Examples include low-viscosity grades of

X
v' Methylcellulose (MC) [ o o
., 4\-MY/-\\‘/O g b 3
v' Carboxymethylcellulose (CMC) OC/ ey ,.__{/O,\,g/,\7\0/
v Hydroxypropylmethylcellulose (HPMC) [ : 0ok, C',i . |
. CH,
Methylcelulose (MC)
Synthetic hydrocolloids: ( o X
1 s OCH
~\,-.; /’._\_;’_-\ »\.,‘_,.»O 407 2 3
¥ farhopel L J/ Ss\\,-\\/f’\a,’,\ﬁo i
v" Polyvinyl alcohol (PVA). E {,
v' Polyvinyl pyrolidone (PVP) 0\,5 H:\{/ ocK,
2N o,
HC” OH )

Hydroxypropyi mathylcellulose (HPMC)
21



