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Colloidal Dispersion
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Colloidal Dispersion

= A colloidal dispersion is a system in which particles of colloidal
size (1.0 nm-0.5 pm), of any nature (e.g. solid, liquid or gas) are
dispersed in a continuous phase of a different composition (or
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* These terms are more suitably used when reference is made
to the specific dispersion medium, for a single substance
may be lyophobic with respect to one dispersion medium
and lyophilic with respect to another.

» For instance, starch is lyophilic in water but lyophobic in
alcohol.

* Terms such as hydrophilic and hydrophobic, which are more
descriptive of the nature of the colloidal property, have
therefore been developed to refer to the attraction or lack of
attraction of the substance specifically to water
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» Lyophobic colloids are generally composed of inorganic
particles.

* When these are added to the dispersing phase, there is little
if any interaction between the two phases.

* Unlike lyophilic colloids, lyophobic materials do not
spontaneously disperse but must be encouraged to do so
by special individualized procedures.

* Their addition to the dispersion medium does not greatly
affect the viscosity of the vehicle
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* Gels also are defined as a substantially

networ ik

diluted cross-linked system, which exhibits

no flow when in the steady-state.
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Gels

s 2o 6Cs Gels are transparent semisolid dosage forms that can be : \
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Gels are mostly liquid; however, they behave as solids due to a
DNy three-dimensional cross-linked network within the liquid.
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=0 5 gelling agent.

Gelling agent undergo extensive cross-linking or enlargement
when dissolved or dispersed in the dispersing medium.
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— Figure 1. Gel formation due
E to swelling of gelling agent -

Figure 2. Gel formation due to
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crosslinking of gelling agent
1
A

Ckuw.'Lﬂ /



3/31/2024

€008
PAA chain2

water
—
BOH

(@)

-L‘—(,’.J\_S
Q«lf_s\ﬂ\;\ L’> Figure 2. Schematic visualization of Carbopol particle, (a) Carbopol in solid state &_? L
: "2
..&gé : ;‘ contains COOH groups, (b) after neutralisation in an alkali aqueous solution ( notice % L; - ;3 \ 9

the dissociated COO-groups where solid circles represent one particular cross-linked

node) shown in (c) in more detail. ’

Gel’s classification
TABLE 14.4 GENERAL CLASSIFICATION AND DESCRIPTION OF GELS

CLASS DESCRIPTION EXAMPLES
Inorganic Usually two-phase systems Aluminum hydroxide gel
Bentonite magma
Organic Usually single-phase systems Carbopol
Tragacanth
Hydrogels Organic hydrogels Pectin paste, Tragacanth jelly
Natural and synthetic gums Methylcellulose, sodium carboxymethylcellulose, Pluronic
Inorganic hydrogels Bentonite gel (10%-25%), Veegum, silica
Organogels Hydrocarbon type Petrolatum, mineral oil/polyethylene gel (Plastibase)
Animal, vegetable fats Lard, cocoa butter
Soap base greases Aluminum stearate with heavy mineral ol gel
Hydrophilic organogels Carbowax bases (PEG ointment)
Polar
Nonionic 1
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Gel’s classification:

.Single Phase system

If the gel does not appear to have discrete particles it is called
a one-phase system.

Single phase systems contain linear or branched polymer
macromolecules that dissolve in water and have no apparent
boundary with the dispensing medium.

Macromolecules are classified as:
natural polymers (e.g. tragacanth),

semisynthetic cellulose derivatives (e.g. methylcellulose),
or

synthetic polymers (e.g. carbomer polymers).

Single) phase gels made from jnatural macromolecules are
called mucilages. 1"

2. Two Phase system

* A two-phase system gel consists of floccules of small and distinct
particles, these gels are frequently called a magma or a milk (e.g.
milk of magnesia,-aluminum hydroxide gel,’"bentonite magma).

= \Twolphase systems are thixotropic (semi solid on standing but
liquefy when shaken).

a) 1e+5
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Figure 3. A) Viscosity curves showing thixotropic behaviour for fluid gels.

B) Images for thixotropic gel before and after shaking.
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Gel Formulation Considerations
- _
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There  we  séverl  formulation
considerations open to the iharmaceutical

ANa scientist concerning the
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| Purified water is the normal solvent/vehicle
used in the formulation of pharmaceutical
gels.

However, co-solvents such as:

The choice of
vehicle I ®Alcohol,

Co-Soluenl e C-“J*:Dl, ®Propylene glycol,””

®Glycerol, -

®Polyethylene glycoYﬁlsually polyethylene
glycol 400) ==
_ ) may be used, to enhance the solubility of the
il L L. therapeutic agent in the dosage form and/or (in the
- >\.¢)_4J ’s‘xs’bux\b,,l( p g € (

case of ethanol) to enhance drug permeation
NN pe sLy) | across the skin.
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The choice of vehicle

Q If the drug has poor chemical stability
and/or poor solubility in water or water-
based vehicles, pharmaceutical gels may be
formulated using:

A. polyhydroxy solvents, e.g. propylene
glycol, glycerol, polyethylene glycol 400
as vehicles and

B. polyacidic polymers, e.g. poly (acrylic
acid) as gelling agent.

15

Common gelling agents:

1) Carbomers

= Carbomer is a generic name for a family of polymers known as
Carbopol®.

= Form acidic aqueous solutions (pH around 3).

= Thicken at a higher pH (5 or 6)=> swell as much as 1,000 times
their original volume.

= A neutralizer (e.g sodium hydroxide, triethanolamine) is added to
increase the pH.



Powder

Neutrahzed mucilage

Figure 4. The process of the neutralisation and the Carbomer's molecule state

Carbo
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Polymer Name

Viscosity*

mer grades:

Properties

Carbopol® 910 3,000 - 7,008 Effective in low concentrations and will
provide a low viscosity formulation.
Carbopol® 934 | 30,500 - 39,400 Effective in thick formulations such as

emulsions, suspensions, sustained-release
formulations, transdermals, and topicals.
Forms clear gels with water.

Carbopol® 934P

29,400 - 39,400

Same properties as 934 but intended for
pharmaceutical formulations.
"P'" = highly purified product

Carbopol®940 | 40,000 - 60,000 | perective in thick formulations, very good
clarity in water or hydroalcoholic topical
gels.
Forms clear gels with hydroalcoholic
systems.
Carbopol® 941 | 4,000 - 11,006

*0.5% solution, pH

7.5

Produces low viscosity gels, very good
clarity.
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2) Cellulose derivatives

» Methylcellulose, hydroxyethylcellulose, hydroxypropyl
cellulose, hydroxypropylmethyl cellulose, and

carboxymethyl cellulose). -
“(l,.a)\.\rk s L k\\ar-‘\u's\-l\%{;“\ B U\ﬁ,_§\|d$

» All cellulose derivatives except carboxymethyl cellulose
maintain the viscosity of the gel over a wide pH range (3-
11). CMC can maintain the viscosity between pH 7-9.

—
-—

» The addition of salts"to medium reduces the ability of
“cellulose to hydrate
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3) Poloxamers
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OH

> Also called Pluromc®

» Are copolymers of polyoxyethylene and polyoxypropylene

» They forms reverse thermal gels in conc. ranging from 15-

20% NI %

e

» Liquids atemperature and gels at room or body

temperature.
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Figure 5. The viscosity temperature curve for three gel formulation containing

Pluronic (PO). avldod Lo
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Points to take in consideration regarding

\)f{:— ot feiiple G gelling agents

1. If the gelling agent is added to the dispersing N
medium too rapidly the agents tend to clump—>
layer with a gelled surface that is more difficult for
the medium to hydrate. 0 e Gy

»  Some compounding techniques to minimise the

problem: 5,5, 5 ) [liged candl™ o5l AL
= Sift the powders into the vortex of the rapidly
stirring medium.

Ss iﬂ&x\ ¢—muLevigate the powder with a water miscible non-
U‘ L\) solvent such as absolute alcohol or propylene

J u\.d\ e MY glycol.
\3 < 5\> ®Use a blender to mix the powder and solvent

homogenously. -~
\\
Everk COSo\s 5 e B SNl 05 1¢

3 \3’\\3 K/_p \A)\?,x_y.
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. The solubility of some gelling agents is affected by water
temperature , €.g.:

Methylcellulose and poloxamers have |better |solubility in
cold water.

Bentonite, gelatin, and sodium carboxymethylcellulose are
more soluble in hot water.

Carbomers, tragacanth, and alginic acid gels are made with
tepid water
23 I

. Some gelling agents (e.g. carbomers) require a “neutraliser”
or pH adjusting chemical to create the gel after the gelling
agent has been wetted in the dispersing medium.

. Most gelling agents require 24 to 48 hours to completely
hydrate and reach maximum viscosity and clarity.

. Gelling agents are commonly used in concentrations of 0.5-

2% but some 'may be used up to 10%. S
.(/' _—

. It is easier to add thelactive drug before the gel is formed if
the drug doesn't interfere with the gel formation. = I S I
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The inclusion of buffers

» As in other pharmaceutical formulations,
buffers (e.g. phosphate, citrate) may be
included in aqueous and hydroalcoholic-based
gels to control the pH of the formulation.

» The solubility of buffer salts is_decreased in
hydroalcoholic-based vehicles.

Preservatives

» Aqueous-based pharmaceutical gels require the inclusion
of preservatives.

» It should be remembered that certain preservatives, e.g.
parabens, — phenolics, )interact | with the hydrophilic
polymers used to prepare gels, thereby reducing the

concentration-of free (antimicrobially active) preservative
in the formulation. §sl oL 2 U8 L.l': U

» Therefore, to compensate for this, the initial
concentration of these preservatives should be increased. I

26
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> Antioxidants

» Antioxidants may be included in the gel formulation to increase
the chemical stability of therapeutic agents that are prone to
oxidative degradation.

» The choice of antioxidants is based on the nature of the vehicle
used to prepare the pharmaceutical gel. S
sholl ShblilySleasblo e
» Therefore, as the majority of pharmaceutical gels are aqueous-
based, water-soluble antioxidants, e.g. sodium metabisulphite,
sodium formaldehyde sulphoxylate, are commonly used.
27 I

» Flavours/sweetening agents:

* Flavours and sweetening agents are only included in
pharmaceutical gels that are designed for administration into the
oral cavity, e.g. for the treatment of infection, inflammation or
ulceration.

» Colours

* Colours may be (but are not usually) added into pharmaceutical

gels.
28 I
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Preparation of gels

In the manufacture of pharmaceutical gels, generally the
water soluble components/excipients are initially
dissolved in the vehicle in a mixing vessel with
mechanical stirring.

The hydrophilic polymer must be added to the stirred
mixture slowly to prevent aggregation and stirring is
continued until dissolution of the polymer has occurred.

Aqueous polymeric solutions, especially of cellulose
derivatives, are stored for approximately 48 hours after
dissolution to promote full hydration, maximum viscosity
and clarity.

29

It should be noted that excessive stirring of pharmaceutical gels
results in entrapment of air.

However, certain measures can be taken to prevent this:

* The mixing rate must not be excessive

* A mixing vessel may be used to which a vacuum may be
pulled, thereby removing air.
30 I
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Storage and Packaging

28 = | » Gels generally are stored in tight containers
ordl wlyo e refrigerated or room temperature.

» Carbomer polymers are quite r:"ﬁr-_--1¢_;___ .
hygroscopic—> store away from moisture.

» Gels are available in tubes, jars, squeeze
bottles, pump dispensers.

Observing formulations for evidence of
instability:

» Gels should be observed for:
B 1. Shrinkage LG
*ALlGs SLLlyaii) 2, Separation of liquid
©=Co0 e 3. Discoloration 5 I
4. Microbial contamination
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Example of gels

VLWL ,L'p_h-@luocinonide Gel, USP, an anti-
ir@ammatory corticosteroid.
. _ -(Tretinoin Gel, USP, stimulates
28 o_,‘dl epidermal cell turnover, causes
Y peeling, and is effective in the
@'eatment of acne.

g,ei - Erythromycin and benzoyl peroxide
u!X-,A_Jé— topical gel.

cooT
Tretinoin Gel, USP XOER
NETWT45g

.E-:-‘;Ii;;"om cin and
Benzoyl Peroxide
Topical Gel, USP

Topical hromycin [EX3

o ol 1

Reonly =2

46.6 groms (as dispensed] A 1 \AS
A sanooz .

Examples gels
fb_—iﬂ‘ <0 Lubricating Jelly formula

 Lubricating jellies are used:

o) GSLK G o :
00l e LA o assist in medical procedures,

e Yoo L oY G s ' 2. To aid in insertion of various devices and drugs,
JSWG 5 olp 5l including catheters and suppositories,

3. As a vehicle for some drugs products, especially
Syl av, S 23, > in extemporaneous compounding.
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