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hydaphi  Lylophed Emulsifying agents

O NN
Surfactants
Anionic surfactants: [y i NTANPE Sur/aJanl— P33

These are organic salts which, in water, have a|surface-active anion|

Some examples include:

Alkali metal and ammonium soaps (salts of long chain fatty acids) such
as sodium stearate and potassium oleate (o/w).

Soaps of divalent and trivalent metals such as calcium oleate (w/0))
Amine and ammonium soaps such as triethanolamine oleate (o/w).
Alkyl sulphates such as sodium lauryl sulphate (SLS) (o/w).

Disadvantages: Sensihue bo cabions such a5 cetymide
Incompatible with some organic and inorganic cations and with large
ES

organic cation s cetrimide. Their use o ly

They are irritant internally so widely used in_external preparations as o/w
emulsifying agents.

pH sensitivity: They must be 1n their 1onized form to be effective and
emulsions made with anionic surfactants are generally stable at more

alkaline pH.
L




Anionic Surfactants: Soaps

Lipophilic Hydrophilic
CH;3(CH;)4COO-Nat CH;(CH;);CH=CH(CH;3); COO-NH+*(CH2 CH20H)3

Alkali Soaps (sodium palmitate) Amine Soaps (triethanoleamine oleate)

alaa
bl'f uo" wre O’J‘lé'(;‘""

COO'Na'

OH

CH; (CH2)1 1OS0O5"Nat

HO"" "OH

Alkylsulfates (sodum laurylsulfate)
Bile Salts (sodum cholate)

U ks e s rpp il
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Emulsifying agents
Surfactants

TN NN NN

Cationic surfactants:

These are usually quaternary ammonium compounds which have a
surface-active cation.

Examples include cetrimide and benzalkonium chloride.

They are used 1n the preparation of o/w emulsions for external use and

must be in their 1onized form to be effectiveJm,‘;’-"j‘;"

The cationic surfactants also have antimicrobial (bactericidal) activity.

Disadvantages:
They are sensitive to anionic surfactants and drugs.

Emulsions formed by a cationic surfactant are generally stable at
acidic pH.

They are more toxic than other surfactants.

IS ezl e ]



Cationic Surfactants: Inverted Soaps

Lipophilic Hydrophilic
CH3(CHy);N*(CH3); CI- Br-

@NL(CH._,)I ,CH,

Quaternary Ammonium Salts Pyridinium Salts
(lauryldimethylbenzylammonmm chlonde) (Cetylpyndinum bromide)
(|3|-|3 Br-
H3C(H2C)15—N"-CHs
CHs

Cetrimide (cetyltrimethylammonium bromide)
o/w emulsifier, but also preservative
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Emulsifying agents
Surfactants
Non-lonic surfactants

They are synthetic materials and make up the largest group of surfactants.

The non-ionic surfactants are compatible with both anionic and cationic
substances and are highly resistant to pH change.

They are used to produce either o/w or w/o emulsions for both external and
internal use.

The type of emulsion formed depends on the balance between hydrophilic
and lipophilic groups which is given by the HLB (hydrophilic-lipophilic
balance) number.

Examples of the main types include:

Esters: such as g]m_esm_gb&eml_esm_m&mgol_esmLsmbﬁan_asLﬂs
}
(spans) and polysorbates (tweens). w g i £a_dis2?

aed Lh&Vl Side

Amides: such as alknolamides. Wo Sh0 awd Wb

Ethers: such as macrogol ethers and poloxamers.




Nonionic Surfactants

0Sa shwl.s (' a
Lipophili Hydrophili ”M‘ ‘#‘,:U D ?
ipo c o c A p; I
CH(CH),OH gl L@ —O —C(CHL), T, )
S-R0 H(F—OH

H,C—OH
Fatty Alcohols
(=11, lauryl, n=15, cetyl. n=17, stearyl alcohol) Partial Fatty Acid Esters of
PTultavalent Alcohols
(glvcerol monosteatate)

h

OH o g‘u,a .acid ch

o (CHE), ,CH,

fo

O(CH,CH,,O)n—(C¥HL), , CH_

O
OH

Spans: Sorbitan Esters of Fatty Acids
sorbitan monopalmitate)

Brij: Polyethyleneglycol (PEG) Ether
(PEG-200 lauryl ether, Brij 30)

o fa
HOCH, CH,O)n—C—(CH,), CH_

Cremophor: Polyethyleneglycol (PEG)
Fatty Acid Ester
(PEG-400 stearate)

Cholesterol

HO(CH, CH, O)n (OCH ,CH DmOH
(OCH, CH ))pOH

\n/ (CI_IQ) 1 4C

O

Polysorbates, Tweens: PEG-Sorbitan Fatty Acids Esters
(PEG-200-sorbitan monostearate, Polysorbate §0)



Emulsifying agents

*An HLB number [ 1-20)represents the relative proportions of the lipophilic
and hydrophilic parts of the molecule.

*High numbers (8-18) indicate a hydrophilic molecule, and produce an o/w
emulsion.

Low numbers (3-6) indicate a lipophilic molecule and produce a w/o
emulsion.

*Oils and waxy materials have a 'required HLB number' which helps in the
selection of appropriate emulsifying agents when formulating emulsions.

Liquid paraffin, for example, has a required HLB value of 4 to obtain a
w/0 emulsion and 12 for an o/w emulsion.
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HLB and Use of Surfactants
»v 0 Fhabm * \ﬁm,ohilw
Amphiphilic surfactants are characterized by the
hydrophilic-lipophilic balance (HLB): a relative
ratio of polar and non-polar groups in the surfactant

HLB ca. 3.5 to 8: Water-in-O1l Emulsifiers

HLB ca. 1 to 3.5: Antifoams

HLB ca. 7 to 9: Wetting and spreading agents
HLB ca. 8 to 16: O1l-in-Water Emulsifiers bylﬂ phil
HLB ca. 13 to 16: Detergents ki phil

HLB ca. 15 to 40: Solubilizers Lym,ah«-l
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Amphoteric (Zwitterionic) Surfactants

Amphoteric Surfactants

Lipophilic

O
O OJ-I—(CH?)nCH3
CHB(C%JLO{ -

[ : } _
O—P—0OCH,CH,N (CH,), N — 0
- HCILN (CHy); CHy(CH)g T (CH,),COC
Hydrophilic

Phospholipids {lecithin) gmtlahol)ite Soaps
etamne

Br-

Proteins (gelatin, casein)



lost emelsifying 953 <Finely divided solids
Finely divided solids can be{adsorbed|at the oil-water interface to form a

coherent film that prevents coalescence of the dispersed globules.

Additionally, most of them swell in the dispersing medium resulting in
an enhanced VISCOSItY.| Fe decrease  sedimeidation

If the particles are preferentially wetted by oil, a w/o emulsion is
formed. Conversely, if the particles are preferentially wetted by water,
an_o/w emulsion 1s formed. e

They form emulsions with good stability which are less prone to
m1cr0blal contamination than those formed with other naturally derived
agents micrshs g0 & J]w 0E C-v'\M\-P—" O Py M0 6w L 5154

Examples:

“Natural clays as bentonite and aluminium magnesium silicatate.

Synthetic materials as colloidal silicon dioxide (Aerosil®).

Colloidal aluminium and magnesium hydroxides are used for internal
preparations. > wheds
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emulsification

proton oil phase

o 8-hydroxyquinoline ¢ dissociated silanol group water phase




Auxiliary emulsifying agents
P N 8o g\ | oot Ueleo

Sterol-containing subst'in)lc?%:
iy s
*These agents act as water-in-oil emulsifying agents.

*Examples include beeswax, wool fat and wool alcohols
QoA 1 gad

) qé&aﬁ"‘.‘)“m_’p—ézul



GMJ-adgul' J\@VLCJ),I}DO\}(!Slng an emulSlfylng agent

The| active ingredients |and the| intended use| of the product will
determine the choice of emulsifying agent.

Natural polysaccharides (acacia) and non-1onic emulsifying agents are
useful for internal emulsions.

The taste should be bland and palatable, again suggesting the natural
polysaccharides. | Polysorbates have a disagreeable taste, therefore
flavouring ingredients are necessary.

Soap emulsions irritate the gastrointestinal tract and have a laxative
eftect.
A wider range of emulsifying agents can be used externally, although

the polysaccharides are normally considered too sticky. #%&'\ec/Veel ga.
Coma IGes o Mo

Only certain [non-ionic| emulsifying agents are suitable for parenteral
use including lecithin, polysorbate 80, methylcellulose, gelatin and
serum albumin.




Antioxidants (Stabilizers)

AW (3550 )G vK g

* Some oils are hable to degradation by
oxidation and therefore antioxidants may be
added to the formulation.

 They should be preferentially soluble in the
oily phase.

1450
o Color is vardy veded m an emudsian
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Antimicrobial preservatives

Contamination may be introduced from a variety of sources
including:

Water,

if not properly stored.

Natural emulsifying agents, e.g. starch and acacia case i+ conbains  microbs

Carelessly cleaned equipment.

Poor closures on containers,

Microbes

produce unpleasant odours, colour changes and

gases. Additionally, they may affect the emulsifying
agents, possibly causing the breakdown of the emulsion.

= Craddding



Antimicrobial preservatives

Antimicrobial preservatives :

oral
Should be free from toxic effects, odour, taste (for internal use) and

colour. ey LG5 giat

Should be bactericidal rather than bacteriostatic.

2.9

Have a rapid action and wide antibacterial spectrum over a_range of
temperatures and pH.

Additionally emulsion ingredients should not affect their activity and

they should be resistant to attack by microorganismes.
sUl svn) ‘WQ*J TZ&.',U/?J\_Z%.L\; L,Suu’ ) . .
The effect of the partition coefficient 1s also important: A preservative
A Rk . . : :
with a “low oil/water partition coefficient will have a higher
concentration in the aqueous phase and hence better antimicrobial

activity. A combination of preservatives may give the best preservative
cover for an emulsion system.



Antimicrobial preservatives

Some preservatives in use are listed below:

1. Benzoic acid: effective at a concentration of 0.1% at a pH below 5

2. Esters of parahydroxybenzoic acid such as methyl paraben (0.01-0.3%)
3. Chloroform, as chloroform water (0.25% v/v)

4. Chlorocresol (0.05--0.2%)

5. ‘Phenoxyethanol (0.5-1.0%)

6. Benzyl alcohol (0.1-3%)

7. Quaternary ammonium compounds, e.g. cetrimide, which can be used
as a primary emulsifying agent but can also be used as a preservative

8. Organic mercurial compounds such as phenyl mercuric nitrate and
acetate (0.001--0.002%).



Colours and flavourings

* Colour 1s rarely needed 1n an emulsion, as most
have an elegant white colour and thick texture.

 Emulsions for oral use will usually contain
some flavouring agent.

sl Gaigets sial Wl g )



Emulsions for oral use

* Acacia gum 1s wusually used when making
extemporancous o/w emulsions for|oral use, unless
otherwise specified.

U w1 Gh 5y Uhe Cpnpr Quaw emdsion  Uo Yy i1 o2 oD

« If using acacia, a| primary emulsion |should be
prepared first. This 1s a thick stable emulsion
prepared usinSg - optimal proportions of the
ingredients. These vary with the nature of the oil.

pri ma(/) emul sion &
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Methods of compounding emulsions:
1. Continental (Dry gum or, 4 2:1) Method

j ~l Ul prnp S € =2V ‘\JV L&V x wq)-y %cﬂ-(ﬁb{m}
¢ The continental method is used to prepare the initial or

primary emulsion from oil, water, and a hydrocolloid or
"gum" type emulsitier (usually acacia).

® The primary emulsion, or emulsion nucleus, is formed from

4 parts oil, 2 parts water, and 1 part emulsifier. =V

My ol g
sty _+*® Ina mortar, the 1 part gum is levigated with the 4 parts oil

until the powder 1S thoroucrhly Wetted then the 2 parts water

P

are added all at once, and the mixture is ViUOI‘Olle and

\ejti v\‘vf'p“’\)ne;u s laip s b« miXi WQ

eontmually triturated until the primary emulsion formed is

creamy white and producex a crackmg_ sound as it is
triturated (usually 3-4 minutes). 7

@ Dr. Saja Hamed Dr. Tamara Athammneh Dr.Areen Alshweiat




Methods of compounding emulsions:
2. English (Wet Gum) Method

79‘ In this method the order and te(‘hniques of mixing are different.
/W‘IN
o 4 : o 5 y 8
s g’ e The 1 part gum is triturated with 2 parts water to form a
Lp - [
A\
D\

mucilage; then the 4 parts oil is added slowly, in portions, while

triturating.

e After all the oil is added, the mixture is triturated for several

minutes to form the primary emulsion.

® Generally speaking, the English method is more ditficult to

perform successtully, especially with more viscous oils, but may

result in a more stable emulsion.

® The ratio of oil: water: emulsifier depend on oil and emulsifier

being used

@ Dr.Saja Hamed Dr. Tamara Athammneh Dr.Areen Alshweiat




Methods of compounding emulsions:

ﬂum + 0i)

,J)}'ng ‘:UV L"Q.Au;l]'

~

3. Bottle (Forbes) Method = ‘. veter 150 77

ool 2wy
® This method may be used to prepare emulsions of volatile oils,

or olea.ginous substances of very low viscosities. It is not suitable
for very viscous oils since they cannot be sufﬁciently a.gitated in
a bottle.

® This method is a variation of the dry gum method.

® One part powdered acacia (or other gum) is placed in a dry
bottle and four parts oil are added. The bottle is ca.pped and

thoroughly shaken. o this, the required volume of water is
added all at once, and the mixture is shaken thoroughly until the
primary emulsion forms.

(irsh shep

* It is important to minimize the initial amount of time the gum
and oil are mixed. The gum will tend to imbibe the oil, and will
become more waterproof.

@ Dr.Saja Hamed Dr. Tamara Athammneh Dr.Areen Alshweiat
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Methods of compounding emulsions:
4. Beaker Method

When synthetic or non-gum emulsifiers are used, the previous
methods become meamngless

The most appropriate method for preparing emulsions from

surfactants or other non-gum emulsifiers is to begin by dividing
components into water soluble and oil soluble Components

All oil soluble components are dissolved in the oilv pha.se in one beaker
and all water soluble components are dissolved in the water in a
separate beaker.

Both phases (i.e. beakers) are heated to approximately 70°C over a
water bath (the aqueous phase should be heated to a tew degree
higher). ot

The internal phase is then added to the external phase with stirring

Al N Q

® The mixing of such emulsions can be carried out in a beaker, mortar,

or blender.
Dr. Saja Hamed Dr. Tamara Athammneh Dr.Areen Alshweiat




Methods of compounding emulsions:
5. Auxiliary Methods

* Instead of, or in addition to, any of the preceding methods,
the pharmacist can usually prepare an excellent emulsion

using an electric mixer or blender.

® An emulsion prepared by other methods can also usually be

improved by passing it through a hand homogenizer, which

tforces the emulsion through a very small orifice, reducing the

dispersed droplet size to about 5 microns or less.

e The tformulation usually is improved in both stability

(because droplet size is reduced) and appearance

Dr.Saja Hamed Dr. Tamara Athammneh Dr.Areen Alshweiat
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Methods of compounding emulsions:

Cwu"’_}-‘D

In Situ Soap Method. sy emtefy i s

Selt emulsitying emulsions

The two types of soaps developed by this method are calcium
soaps and soft soaps (olive oil soap).

Calcium soaps are w/o emulsions that contain certain vegetable

oils, such as oleic acid, in combination with limewater (synonym:

Calcium Hydroxide Solution), USP).

Thev are prepared simplv bv mixing equal volumes of the oil and

limewater. The emulsifving agent in this instance is the calcium salt

of the free fattv acid formed from the combination of the two
entities.

In the case of olive oil, the free fatty acid is oleic acid and the
resultant emulsifving agent is calcium oleate.

Dr. Saja Hamed Dr. Tamara Athammneh Dr.Areen Alshweiat




Methods of compounding emulsions:
In Situ Soap Method

* A typical example of this emulsion is calamine liniment:
- Calamine

- Zinc oxide

- Olive oil

- Calcium hydroxide solution

- g8 ad 1000.0 mL

Dr.Saja Hamed Dr. Tamara Athammneh Dr.Areen Alshweiat
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Adding ingredients to a primary
: : > pr-mary endsion  As Sbilp D1
emulsion:

* Solid substances (active ingredients, breservatives, colors)

are dissolved and added as a solution to the primary emulsion

* Volatile ingredients (tlavors, odors, or active drugs) should

be added once the product has cooled it heat was used

® Small amounts of oil soluble substances may be incorporated

directllr into the primary emulsion

e Y Any substance might reduce the physical stability of the

(peste  emulsion (i.e.(e‘chohol) should be added to the near end of the
b SaE =

.ULJ“ I)I”OCG SS
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Adding ingredients to a primary

emulsion:
o bor exbernad phos

* Viscosity enhancers can be added to a primary emulsion to
increase Stability of the formulation

® The enhancers should be miscible in the external phase of the

emulsion

e o/w > hydrocolloids Mt wih waker (g phile)

* w/o =2 viscous oils, fatty alcohols, or fatty acids (lipophiled
micble Loin oi\

@ Dr. Saja Hamed Dr. Tamara Athamneh Dr. Areen Alshweiat




Adding ingredients to a primary
emulsion:

® When all agents have been incorporated, the emulsion should

be transterred to a calibrated vessel, brought to tinal volume

with water, then homogenized or blended to ensure unitorm

distribution of ingredients.

Onthactll 5 01 5 3yl )
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Adding ingredients to a commercially
prepared emulsion

e ylt/ﬂd/q

e With w/d emulsions:
2,4.»&7
- Oils and insoluble powders can be incorporated directly into

the external phase using a tile and spatula

If a large amount of insoluble powder is being added a

vle by |levigating agent (i.e. mineral oil)| may be necessary that
v 22l o
rol,..:-&ul’
b W

should be miscible with oil phase

@ Dr. Saja Hamed Dr. Tamara Athammneh Dr.Areen Alshweiat




Adding ingredients to a commercially
prepared emulsion

* With w/o0 emulsions (cont.):

- It an aqueous soluble material to be added, excess emulsitier

must be present
P on w¥d

- For those w/o emulsion that do not have excess emulsifier,

-— —

additional emulsifier may have to be added

- An aqueous solution may be added using a pill tile and

spatula, but some may require heat

@ Dr. Saj.l Hamed Dr.Tamara Athammneh Dr.Areen Alshweiat




Adding ingredients to a commercially
prepared emulsion

e With o/w emulsions:

Levigating agents for aqueous insoluble substances should be

water miscible as glycerin, propylene glycol, polyethylene
glycol, or alcohol o plevent weler ¢ ospornkion

- It heat is used to incorporate - work quickly - be careful
not to evaporate water from the product =2 stiff

- In many commercial o/w emulsions, sufticient emulsitying
agents is already presentin the preparation to accommodate

the added oils or powders

@ D1‘.Saja Hamed Dr. Tamara Athammneh Dr.Areen Alshweiat




Flavoring emulsions

e Select it based on the éxternal phase

® Flavoring oil can be mixed with emulsitier or with a water

miscible solvents as glycerin or ethanol

@ Dr. Saja Hamed Dr. Tamara Athammneh Dr.Areen Alshweiat
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