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SUSPENSIONSSUSPENSIONS
 • two-phase system consisting of a finely divided solid (‘Suspensoids”) dispersed in a liquid vehicle.
 • desirable feature: density of the vehicle is lighter than that of
 the suspensoid
 Dispersed system:
 substance distributed (dispersed phase)
 vehicle (dispersing phase or dispersion medium)
 Classifications of Dispersion:a) Coarse dispersion- particles usually 10-50 um in size ex. suspensionb) Fine dispersion- particle size is 0.5-10 umc) Colloids- particles are in colloidal range (1nm-0.5um)
 - Suspensions may include:
 1. Gels 3. Magmas and Milk
 2. Lotions 4. Mixtures
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Reasons for SuspensionsReasons for Suspensions
 1. Certain drugs - unstable in solution but stable when suspended.
 2. ensures chemical stability
 3.Many patients prefer liquid form than solid form of the same
 drug:
 - ease in swallowing & flexibility in administration (range of
 doses)
 - use of insoluble forms of drugs reduces taste masking
 problems
 - flavorants based on taste preference
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settle slowly and readily re-dispersed upon gentle shaking
 particles size remains constant on long periods of undisturbed standing.
 pour readily and evenly from its container
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Physical Features of the Dispersed Phase of a SuspensionPhysical Features of the Dispersed Phase of a Suspension
 -- particle diameter is between 1 to 50 um.
 Particle size reduction accomplished by:
 - dry-milling prior to the incorporation of the dispersed phase
 into the dispersion medium.
 - micropulverization - fine drug powders (10-50 um size)
 - jet-milling or micronizing - fluid energy grinding for finer
 particles (under 10 um)
 Advantage of fine powder-more stable suspension -reduction of particle size produces slow, more uniform rates of settling.Disadvantage:-Fine particles have greater tendency to cake and settle at the bottom of the container.
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To prevent formation of cake:- Form a less rigid/loose aggregate of particles (floccule or floc ):
 *less prone to compaction and settle with higher sediment volume *permits aggregates to break up easily *distribute readily with small amount of agitation.Ways of preparing Floccule:a) Use flocculating agent (bentonite magma)b) Alteration in pH of the preparation c) Using electrolytes as flocculating agentd) Non-ionic and ionic surfactants increases flocculation and sedimentation
 volume
 Dispersion MediumDispersion Medium
 Suspending agents added
 - assist in the suspension of the dispersed phase
 Examples: Carboxymethylcelulose, methylcellulose, microcrystalline
 cellulose, polyvinyl pyrolidone, xanthan gum & bentonite
 - amount must not render the suspension too viscous to agitate (to
 distribute the suspensoid) or to pour.
 Rheology - study of the flow characteristics
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Viscosity of a suspension - altered by the vehicle & solid’s content - ↑solid particles ↑viscosity - ↓particle size ↓rate of descent of
 particles
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Preparation of Suspension Preparation of Suspension
 1. wetting agents mixed with the product (mortar and pestle)
 2. dispersion medium (with added soluble components: colorant, flavorants, and preservatives) added in portions to the powder.
 3. mixture blended before addition of vehicle
 *** In large scale preparation, the wetting agents are mixed with the particles by a colloid mill
 Sustained-Release SuspensionSustained-Release Suspension
 - drug remains adsorbed onto resin, but slowly released by the ion-exchange process when taken into gastrointestinal tract.
 Pennkinetic system - use of a combination of ion-exchange resins complex and particle coating
 Example: Hydrocodone polistirex - Tussionex Pennkinetic Extended-Release Suspension
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patients who are not able to swallow solid medicines
 - solid dosage forms (tablets, capsules) of the drug and extemporaneously
 compounded to a liquid product.
 Extemporaneous Compounding of SuspensionsExtemporaneous Compounding of Suspensions
 contents of a capsule are emptied into a mortar and pestle
 + vehicle → paste and diluted to the desired volume.
 - storage: use air-tight, light resistant containers and stored in the
 refrigerator.
 Packaging and Storage of SuspensionsPackaging and Storage of Suspensions
 - containers having:
 1. Adequate airspace above the liquid (permit adequate shaking)
 2. wide mouth containers (permit prompt and ease of removal of suspension)
 3. tight containers protected from freezing, excessive heat and light.
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Example of Preparation (antacid)Example of Preparation (antacid)
 Aluminum Hydroxide Compressed
 Gel 326.8 g
 Sorbitol Solution 282.0 mL
 Syrup 93.0 mL
 Glycerin 25.0 mL
 Methylparaben 0.9 g
 Propylparaben 0.3 g
 Flavor q.s
 Purified water, to make 1000.0 mL
 *** methylparaben and propylparaben - preservatives; syrup and sorbitol - viscosity and sweetness.
 In the preparation, the parabens are dissolved in a heated mixture of the sorbitol solution, glycerin, syrup and a portion of the water. The mixture then cooled and the aluminum hydroxide added with stirring. The flavor is added and sufficient purified water to volume. The suspension is then homogenized, using hand homogenizer, homomixer, or colloid mill
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Examples of Oral Suspensions by CategoryExamples of Oral Suspensions by Category
 1. Antacids
 Alumina, Magnesia and Simethicone - Mylanta liquid
 Magaldrate Oral Suspension - Riopan Oral Suspension
 Magnesia and Alumina Oral - Maalox Suspension
 Aluminum Hydroxide and Magnesium Carbonate - Gaviscon liquid
 2. Anthelminitics
 Pyrantel Pamoate - Antiminth Oral Suspension
 Thiabenzadole Oral Suspension - Mintezol Oral Suspension
 3. Antibacterial (Antibiotics)
 Chloramphenicol Palmitate - Chloromycetin Palmitae Oral Suspen.
 Ertythromycin Estolate - Ilosone Oral Suspension
 4. Antibacterial (non-antibiotic Anti-infectives)
 Methenamine Mandelate - Mandelamine Suspension/Forte
 Sulfamethoxazole and Trimethoprim - Bactrim, Septra Suspension
 Sulfamethoxazole - Gantanol Suspension
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Examples of Oral Suspensions by CategoryExamples of Oral Suspensions by Category
 Sulfisoxazole Acetyl Oral Suspension- Gantrisin Syrup/Pedia
 5. Anticonvulsants
 Pimidone Oral Suspension - Mysoline Suspension
 6. Antidiarrheal
 Bismuth Subsalicylate - Pepto-Bismol liquid
 7. Antiflatulent
 Simethicone Oral Suspension - Mylicone Drops
 8. Antifungals
 Nystatin Oral Suspension - Nystatin Oral Suspension
 Griseofulvin Oral Suspension -Grifulvin Oral Suspension
 9. Antihypertensive
 Methyldopa Oral Suspension - Aldomet Oral Suspension
 10. Antipsychotics, Sedatives, Antiemetic
 Hydroxyzine Pamoate Oral Suspension - Vistaril Oral Suspension
 Thioridazine Oral Suspension - Mellaril-S Oral Suspension
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Examples of Oral Suspensions by CategoryExamples of Oral Suspensions by Category
 11. Diuretic
 Chlorothiazide Oral Suspension - Diuril Oral Suspension
 12. Nonsteroidal Anti-inflammatory
 Indomethacin Oral Suspension - Indocin Oral Suspension
 Antacid Oral SuspensionAntacid Oral Suspension
 - counteract the effects of gastric hyperacidity (peptic ulcer patients)
 - reduce the level of acidity in the stomach (“acid indigestion”,
 “heartburn”, and “sour stomach”)
 Examples: Sodium Bicarbonate, Aluminum hydroxide, Aluminum phosphate, Dihydroxyaluminum aminoacetate, Calcium
 carbonate, Calcium phosphate, Magaldrate, Magnesium carbonate, Magnesium oxide and Magnesium hydroxide.
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Antibacterial Oral SuspensionAntibacterial Oral Suspension
 The antibacterial oral suspensions include preparations of antibiotic substances
 Examples: Antibiotics ( Chloramphenicol palmitate, Erythromycin derivatives, and tetracycline and its derivatives), Sulfonamides (Sulfamethoxazole, sulfisoxazole acetyl), other chemotherapeutic agents ( methanamine mandelate and nitrofurantoin),combination of these ( sulfamethoxazole - trimethoprim)
 Otic SuspensionOtic Suspension
 Examples: Polymixin B sulfate, Neomycin sulfate, Hydrocortisone - pH 3.0 to 3.5; Cortisporin
 Otic Suspension -pH 4.8 to 5.1; PediOtic - pH of 4.1
 Note: Pharmacist must be aware that there may be subtle differences in the formulation of some otic suspensions that could be potentially bothersome to the patient.
 Rectal SuspensionsRectal Suspensions
 Examples: Barium sulfate for Suspension, USP may be employed orally or rectally for the diagnostic visualization of the GIT. Mesalamine (5-aminosalicylic acid) - for treatment of Crohn’s disease, distal ulcerative colitis, proctosigmoiditis, and proctitis.
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EMULSIONSEMULSIONS
 (Emulgio)(Emulgio)
 - from emulgio (to milk out)
 - a dispersion where the dispersed phase (small globules of a liquid) is distributed throughout a vehicle in which it is immiscible.
 Emulsion terminology
 dispersed phase - Internal phase
 dispersion medium – External/Continuous phase
 Types of Emulsion:
 *** oil-in-water (o/w) emulsions - oleaginous internal phase &
 aqueous external phase
 *** water-in- oil (w/o) emulsions - aqueous internal phase and an
 oleaginous external phase
 emulsifying agent - 3rd component present
 - absence of emulsifier: dispersion is unstable
 globules undergo coalescence
 (separate layers of water and oil)
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*** O/W emulsion - diluted with: water/aqueous preparation, W/O emulsion - oleaginous/oil miscible liquid
 aqueous phase contain: water-soluble drugs,
 preservatives, coloring and flavoring agents
 oil phase consists of: fixed/volatile and drugs (oil -
 oil-soluble vitamins and antiseptic)
 antioxidant – added to prevent autoxidation of the
 oil and rancidity/and or destruction of any vitamin present.
 Purpose of EmulsificationPurpose of Emulsification
 1. Pharmaceutically
 a. for a stable and homogenous mixture of 2 immiscible
 liquids
 b. Permits administration of liquid drug in minute globules
 form rather than in bulk
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Purpose of EmulsificationPurpose of Emulsification
 2. Therapeutically
 A. for rate and degree of absorption of the drug
 B. O/W emulsions - as vehicle to develop the bioavailability of
 poorly absorbed drugs
 C. O/W type – for palatable administration of distasteful oil
 (dispersed in a sweetened, flavored vehicle).
 D. reduced particle size of oil globules - more digestible and
 readily absorbed and more effective
 E. applied externally - medicinal agent irritating to the skin surface
 incorporated in the internal phase (in direct contact with the skin)
 F. W/O emulsion - applied more evenly on the unbroken skin
 - skin is covered with a thin film sebum, more readily
 wetted by oil than by water.
 O/W - easily removed from the skin
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Theories of EmulsificationTheories of Emulsification
 1. Surface Tension Theory
 2. Oriented-Wedge Theory
 3. Plastic or Internal Film Theory
 4. Viscosity Theory
 Surface Tension TheorySurface Tension Theory
 -- exposed surface of liquids tends to contract
 - internal forces in a liquid drop promote the association of the molecule of the substance resisting distortion of the drop into a less spherical form.
 - emulsifiers and stabilizers lower the interfacial tension (surface
 active/surfactants/or wetting agents) of the 2 immiscible liquids, thus: reducing the repellant force between the liquids
 diminishing each liquids’ attraction for its own moleculesSurfactants - facilitate the breaking up of larger molecules into smaller ones, having less the tendency to coalesce.
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2. Oriented-wedge Theory
 - certain emulsifying agents orient themselves about and within a liquid according to their solubility in that liquid.
 - emulsifying agent with greater hydrophilic character promotes an O/w emulsion → W/O emulsion through use of more hydrophobic emulsifiers.
 3. Plastic or Interfacial-Film Theory
 - emulsifying agent (at the interface between the oil and water), surrounds the droplets of the internal phase as a thin layer of film adsorbed on the surface of the drops.
 - film: prevents the contact and the coalescence of the dispersed phase,
 the tougher and more pliable (greater stability of the emulsion).
 4. Viscosity Theory
 - viscosity of an emulsion aids emulsification by the mechanical
 hindrance to coalescence of the globules
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Emulsifying AgentsEmulsifying Agents
 1. Natural Emulsifying Agents
 Carbohydrates: acacia (most frequently use), tragacanth &agar
 (thickening agents in Acacia emulsified products), chondrus, and pectin
 - form hydrophilic colloids with water and produce O/W
 emulsions.
 Proteins: gelatin (emulsion prepared from it, too fluid), egg yolk, and
 casein
 - produce O/W emulsions.
 2. High molecular weight alcohols
 Examples: stearyl alcohol, cetyl alcohol, and glyceryl monostearate
 - thickening and stabilizing agents for O/W emulsions (ex. Lotion
 & ointments)
 Cholesterol - employed in externally used emulsion
 - promote W/O emulsions.

Page 21
                        

Emulsifying AgentsEmulsifying Agents
 3. Finely Divided Solids
 Examples: Colloidal clays including Bentonite, Magnesium hydroxide, and Aluminum hydroxide
 - form O/W emulsions when the insoluble material is added to the aqueous phase (greater volume than of the oleaginous phase)
 4.Synthetic (wetting agents), which may be Anionic, Cationic,
 Nonionic
 Anionic : triethanolamine oleate and sodium lauryl sulfate
 Cationic: benzalkonium chloride
 Nonionic: sorbitan esters (span); polyethylene glycol 400 monostearate; polyoxyethylene sorbitan esters (Tweens)
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Qualities Required for EmulsifiersQualities Required for Emulsifiers
 1. compatible with other ingredients
 2. does not interfere with therapeutic agent’s stability and efficacy
 3. stable
 4. non-toxic
 5. With little or no odor, taste or color
 6. promote emulsification and maintain stability for intended shelf-life
 The HLB or Hydrophilic-- Lipophile BalanceThe HLB or Hydrophilic-- Lipophile Balance
 - Emulsifying agents has: hydrophilic portion (water-loving)
 lipophilic portion (oil-loving)
 HLB value (1 to 20) for each agent - indicative of the substances
 polarity:
 highly polar or hydrophilic materials have - higher numbers
 less polar or lipophilic – lower numbers
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The HLB System or Hydrophilic-Lipophile BalanceThe HLB System or Hydrophilic-Lipophile Balance
 Surfactants with HLB value - 3 to 6 are greatly lipophilic and
 produce W/O emulsions
 HLB values - 8 to18 produce O/W emulsions.
 selection of an Emulsifier for an emulsion – same/nearly the
 same HLB value as the oleaginous phase
 Example: Mineral oil has assigned:
 HLB of 4 for W/O emulsion is desired (use surfactant SPAN 80
 /Sorbitan monoleate with HLB 4.3) &
 10.5 if O/W emulsion is prepared (use methylcellulose with
 HLB of 10.5)
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Ethylene glycol distearate 1.5
 Sorbitan tristearate (Span 65) 2.1
 Propylene glycol monostearate 3.4
 Triton X-15 3.6
 Sorbitan monooleate (Span 80) 4.3
 Sorbitan monostearate (Span 60) 4.7
 Diethylene glycol monolaurate 6.1
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Examples of HLB Values for Selected EmulsifiersExamples of HLB Values for Selected Emulsifiers
 Sorbitan monopalmitate (Span 40) 6.7
 Sucrose dioleate 7.1
 Acacia 8.0
 Amercol L-101 8.0
 Polyoxyethylene lauryl ether (Brij 30) 9.7
 Gelatin 9.8
 Triton X-45 10.4
 Methylcellulose 10.5
 Polyoxyethylene monostearate (Myrj 45) 11.1
 Triethanolamine oleate 12.0
 Tragacanth 13.2
 Triton X-100 13.5
 Polyoxyethylene sorbitan monostearate (Tween 60) 14.9
 Polyoxyethylene sorbitan monooleate (Tween 80) 15.0
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Examples of HLB Values for Selected EmulsifiersExamples of HLB Values for Selected Emulsifiers
 Polyoxyethylene sorbitan monolaurate (Tween 20) 16.7
 Pluronic F 68 17.0
 Sodium oleate 18.0
 Potassium oleate 20.0
 Sodium lauryl sulfate 40.0
 Activity and HLB Value of SurfactantsActivity and HLB Value of Surfactants
 ActivityActivity Assigned HLB Assigned HLB
 1. Antifoaming 1 to 3
 2. Emulsifiers (W/O) 3 to 6
 3. Wetting agents 7 to 9
 4. Emulsifiers (O/W) 8 to 18
 5. Solubilizers 15 to 20
 6. Detergents 13 to 15
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Methods of Preparation of EmulsionMethods of Preparation of Emulsion
 1. Continental or Dry gum method
 2. English or wet gum method
 3. Bottle or Forbes bottle method
 4. Auxiliary method
 5. In SITU soap method
 6. Microemulsions
 1. Continental or Dry gum method ( G + O + W )1. Continental or Dry gum method ( G + O + W )
 --“4:2:1” method - 4 parts (volumes) of oil:2 parts of water:1 part
 of gum (preparing initial or primary emulsion).
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Preparation of Emulsion by the Continental/Dry Gum Method
 (4:2:1; O:W:G)
 - Emulsifying agent is triturated in a mortar with the oil then water is added
 1.acacia/other O/W emulsifier triturated with the oil in Wedgewood or porcelain mortar
 2.two parts of water added, mixture triturated until creamy white
 producing a crackling sound to the movement of the pestle
 4. Other liquid formulative ingredients, soluble/miscible with the external phase are added .
 5.Solid substances (preservatives, stabilizers, colorants, and any flavoring material) are dissolved in water and added as a solution to the primary emulsion.
 A mortar with a rough inner surface is used - to ensure proper grinding
 action and the reduction of the globule size
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2. English or Wet Gum Method ( G+W+O)2. English or Wet Gum Method ( G+W+O)
 - - (4:2:1), same proportions of O:W:G in the continental/dry gum
 method, but of: different order of mixing and
 proportion of ingredients may be varied.
 PreparationPreparation
 1.triturating granular acacia with water (twice its weight) in a mortar.
 2. Oil added slowly in portions, mixture triturated to emulsify the oil
 3. too thick mixture, additional water may be blended before another
 portion of oil is added.
 4. mixture is thoroughly mixed to insure uniformity.
 5. Other formulative materials are added
 6. emulsion transferred to a graduate and made to volume with water.

Page 30
                        

3. Bottle or Forbes Bottle Method (G+O+W)3. Bottle or Forbes Bottle Method (G+O+W)
 - 2:2:1, for extemporaneous preparation of emulsions from volatile oils/
 oleaginous substances of low viscosities
 Preparation:
 1. powdered acacia placed in a dry bottle
 2. Two parts of oil added, mixture thoroughly shaken in the capped container.
 3.A volume of water (equal to the oil) is added in portions
 4. primary emulsion diluted to the proper volume with water/other aqueous solution of other formulative agents
 NOTE: method not suited for viscous oils, because they cannot thoroughly agitated in the bottle.
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4.4. Auxiliary MethodsAuxiliary Methods
 - - wet gum/dry gum methods increased in quality by passing it through a hand homogenizer (pumping action of the handle, forces the emulsion through a small orifice reducing the globules of the internal phase to about 5 um or less)
 5.5. In SITU Soap MethodIn SITU Soap Method
 -- the emulsifier is the product of reaction between the the emulsifier is the product of reaction between the vegetable of higher fatty acid & lime water vegetable of higher fatty acid & lime water
 Two types of soap: Calcium soaps and Soft soaps.
 Calcium soaps – w/o emulsions containing certain vegetable oil (e.g. Oleic acid) with lime water (Calcium Hydroxide Solution USP), prepared by mixing oil and lime water
 (equal vols.)Example: Calamine Liniment (itchy, dry skin, sunburn)
 Calamine……………………………….
 Zinc Oxide ……………………………. 80.0 g
 Olive oil ……………………………….
 Calcium Hydroxide Sol’n aa q.s ad 1000.0 mL
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6. Microemulsions6. Microemulsions
 - thermodynamically stable, optically transparent, isotropic mixtures of biphasic oil-water system stabilized with surfactants.
 microemulsion - diameter of droplets in the range of 100 A (10 microns) to 1000 A
 - droplets may be 5000 angstroms in diameter.
 O/W and W/O microemulsions - formed by agitating the oil and water
 phases with a selected surfactant.
 Advantages:Advantages:
 1. rapid and efficient oral absorption of drugs than solid dosage forms
 2.Enhance transdermal drug delivery through increased drug diffusion
 into the skin
 3.For the development of artificial red blood cells and in the targeting
 of cytotoxic drugs to cancer cells

Page 33
                        

Examples of EmulsionsExamples of Emulsions
 1. Turpentine Oil Emulsion - Rectified Turpentine oil 150 mL
 Acacia powder 50 g
 Purified water, q.s to make 1000 mL
 2.Liquid Petrolatum Emulsion - Mineral oil Emulsion; Liquid
 Paraffin
 Mineral oil………………………………… 500 mL
 Acacia …………………………………….. 125 g
 Syrup ……………………………………… 100 mL
 Vanilla …………………………………….. 40 mg
 Alcohol ……………………………………. 60 mL
 Purified water, q.s to make 1000 mL
 3. Cod liver Oil Emulsion - laxative with empty stomach
 Cod liver oil …………………………….. 500 mL
 Acacia ……………………………………. 125 g
 Syrup …………………………………….. 100 mL
 Methyl salicylate ……………………….. 4 mL
 Purified water, q.s to make 1000 mL

Page 34
                        

Emulsion StabilityEmulsion Stability
 Characteristics of a stable emulsion:
 1. Absence of flocculation and creaming (small globules of the internal phase is distributed throughout the vehicle in which it is immiscible)
 2. Absence of coalescence of globules and separation layers
 3. Absence of deterioration due to microorganisms
 4. Maintenance of elegance (appearance, odor, color and consistency)
 Emulsion is physically unstable if:
 1.upon standing tends to form aggregates of globules
 2.Large globules/aggregates of globules rise to the top/fall to the
 bottom (concentrated layer of the internal phase)
 3.liquid part of the internal phase becomes “unemulsified” and forms
 a distinct layer on the top/bottom (coalescing of globules of the internal
 phase)
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Flocculation - joining together of globules to form large lumps/ floccules rising & settling more rapidly than the individual
 particles
 - in suspension allow the aggregate of particles to break &
 distribute readily with a small amount of agitation
 Creaming – rising/upward creaming (density of the internal phase is less
 than the external phase )
 - or settling/downward creaming (density of internal phase is
 greater than the external phase) of globules/floccules forming
 a concentrated layer at the surface/to the bottom
 - the globules are surrounded by a protective coating/sheath of emulsifying agent and redispersed by agitating the product.
 Coalescence and breaking - irreversible processes: coalescence of
 globules of internal phase and subsequent
 breaking/cracking (separation of layers) of emulsion.
 - Freezing, thawing and high temperature result in the coarseness and breaking of an emulsion.
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Deterioration by MicroorganismDeterioration by Microorganism
 - Molds, yeast and bacteria bring about decomposition and contamination
 - Preservatives should be fungistatics than bacteriostatic
 Miscellaneous Physical and Chemical ChangeMiscellaneous Physical and Chemical Change
 - - Light and rancidity: affect the color and the odor of oils
 destroy their vitamin content
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Gels – semisolid systems consisting of dispersions made up of either small inorganic particles or large inorganic particles or large inorganic molecules enclosing and interpenetrated by a liquid.
 Jelene or Plastibase- a combination of mineral oils and heavy hydrocarbon waxes with a molecular weight of about 1300.
 Jellies- are a class of gels in which the structural coherent matrix contains a high proportion of liquid, usually water.
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Terminology Related To GelsTerminology Related To Gels
 1.Imbibition - taking up of a certain amount of liquid without
 increase in volume.
 2.Swelling - taking up of a liquid by a gel with an increase in volume.
 - liquid that solvate a gel can cause swelling.
 - swelling of protein gels is influenced by pH & presence of electrolytes.
 3. Syneresis - interaction between particles of the dispersed phase becomes so great than on standing, the dispersing medium is squeezed out in droplets and the gel shrinks.
 - form of instability in aqueous and nonaqueous gels.
 4.Thixotrophy - reversible gel-sol formation with no change in volume/ temperature
 - a type of non-Newtonian flow.
 5.Xerogel - liquid is removed from a gel and only the framewok remains.
 Examples: gelatin sheet, tragacanth ribbons and acacia tears
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Classification and Types of GelsClassification and Types of Gels
 Two general classification
 1. Inorganic hydrogels - two phase systems such as Aluminum Hydroxide Gel and Bentonite Magma
 2. Organic Gels - single phase systems and include gelling agents : Carbomer and Tragacanth and those that contain an organic liquid, such Plastibase.
 Second classification Scheme
 1. Hydrogels - ingredients that are dispersible as colloidals or soluble in water and include: organic hydrogels, natural and sythetic gums and inorganic hydrogels
 Examples: silica, bentonite, tragacanth, pectin, sodium alginate, methylcellulose, sodium carboxymethylcellulose and alumina
 2. Organogels - hydrocarbons, animal and vegetable fats, soap base greases and the hydrophilic organogels.
 Examples: Hydrocarbon - Jelene, or Plastibase
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General Classification and Description of GelsGeneral Classification and Description of Gels
 Class Description Examples
 Inorganic Usually are two phase systems Aluminum Hydroxide Gel
 Bentonite Magma
 Organic Usually are single phase system Carbopol, Tragacanth
 Hydrogels Contain water Silica, bentonite, pectin, sodium alginate, metylcellulose,
 alumina
 Organogels Hydrocarbon type Petrolatum, Mineral Oil/Polyethylene gel
 (Plastibase)
 Animal/Vegetable fats Lard, Cocoa butter
 Soap base greases Aluminum stearate with heavy mineral oil gel
 Hydrophilic Organogels Carbowax bases (PEG Ointment)
 Polar/Nonionic
 Hydrogels Organic Hydrogels Pectin paste, Tragacanth jelly
 Natural and synthetic gums Methylcellulose, sodium carboxymethylcellulose, Pluronic
 Inorganic Hydrogels Bentonite gel (10-25%), Veegum
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Preparation of Magmas and GelsPreparation of Magmas and Gels
 1. By freshly precipitating the disperse phase
 2. By direct hydration in water
 Examples of Gelling AgentsExamples of Gelling Agents
 1. Acacia 11. Alginic acid
 2. Bentonite 12. Carbomer
 3. Carbocymethylcellulose sodium 13. Cetostearyl Alcohol
 4. Colloidal silicon dioxide 14. Ethylcellulose
 5. Gelatin 15. Guar gum
 6. Hydroxyethylcellulose 16. Hydroxypropryl cellulose
 7. Hydroxypropryl methylcellulose 17. Magnesium aluminum silicate
 8. Maltodextrin 18. Methylcellulose
 9. Polyvinyl alcohol 19. Povidone
 10. Propylene carbonate 20. Sodium alginate
 21. Sodium starch glycolate 22. Starch
 23. Tragacanth 24. Xanthan gum
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MAGMAS and MILKMAGMAS and MILK
 - aqueous suspensions of insoluble, inorganic drugs
 -differ from gels mainly in that the suspended particles are larger.
 - are thick and viscous, so need of a suspending agent.
 -gel mass consisting of floccules of small distinct particles as a two-phased system.
 Preparations
 1. By Hydration - Example: Hydration of Magnesium oxide
 MgO + H2O → Mg(OH)2
 2. Chemical Reaction - Milk of Bismuth is made by reacting Bismuth subnitrate with Nitric acid and Ammonium carbonate with Ammonium solution and then mixing the resulting two solutions
 2NaOH + MgSO4 → Mg(OH)2 + Na2SO4 (direct hydration)
 Examples of Magmas and GelsExamples of Magmas and Gels
 1. Bentonite Magma, NF - suspending agent
 2. Sodium Fluoride and Phosphoric Acid Gel, USP - dental care prophylactic
 3. Fluocinonide Gel, USP - antiinflammatory corticosteroid
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Examples of Magmas and GelExamples of Magmas and Gel
 4. Tretinoin Gel, USP - treatment for acne
 5. Erythromycin and Benzoyl peroxide Gel
 6. Clindamycin Topical Gel
 7. Hydroquinone Gel - Hyperpigmented skin
 8. Salicylic acid Gel - keratolytic
 9. Desoximethasone Gel - anti-inflammatory and antipruritic agent
 10. Aluminum Phosphate Gel, USP - antacid
 11. Aluminum hydroxide Gel, USP - antacid
 12. Dihydroxyaluminum Aminoacetate Magma, USP - antacid
 13. Milk of Magnesia (Magnesia Magma), USP - antacid
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AEROSOLSAEROSOLS
 -pressured dosage forms containing one or more active ingredients which upon actuation emit a fine dispersion of liquid and/or solid materials in gaseous medium
 - a colloidal dispersion of a gas in liquid
 Pressurized package - commonly used referring to the aerosol container or completed product.
 - Pressure is applied to the aerosol system through the use of one or more liquefied or gaseous propellants.
 space sprays - Aerosols used to provide an airborne mist Example: room disinfectants, room deodorizers, and space insecticides.
 Surface sprays or surface coatings - Aerosols intended to carry the active ingredient to a surface
 Examples: dermatologic aerosols, pharmaceutical aerosols, as personal deodorant sprays, cosmetic hair lacquers and sprays, perfumes and cologne sprays, shaving lathers, toothpaste, surface pesticide sprays, paint sprays and others.
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Colloidal dispersions:Sol- dispersion of a solid substance in either liquid, solid or gaseous
 dispersion medium.a) Hydrosolb) Alcosolc) AerosolColloid – particles that fall between 1nm and 0.5um
 Difference between colloid and true solution:a) Large particle size of colloidsb) Optical properties
 - scatters light and appears turbid
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Advantages of the Aerosol Dosage FormsAdvantages of the Aerosol Dosage Forms
 1. easily withdrawn from the package without contamination/
 exposure to the remaining material.
 2. Hermetic character, the aerosol container protects medicinal agents from atmospheric oxygen, moisture and even from light.
 3. Topical medication may be applied in a uniform, thin layer to the skin, without touching the affected area thus, reducing irritation.
 4. By proper formulation and valve control, the physical form and the particles size of the emitted product may be controlled which may contribute to the efficacy of a drug. Example: the fine controlled mist of an inhalant aerosol. Through the use of metered valves, dosage may be controlled.
 5. Aerosol application is “clean” process, requiring little or no “wash-up” by the user.
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The Aerosol PrincipleThe Aerosol Principle
 As aerosol formulation consists of 2 components
 1. The product concentrate - is the active ingredient of the aerosol combined with the required adjuncts, such as antioxidants, surface-active agents, and solvents, to prepare a stable and efficacious product.
 2. The propellant - when the propellant is a liquefied gas or a mixture of liquefied gases, it frequently serves the dual role of propellant and solvent or vehicle for the product concentrate
 Examples of PropellantsExamples of Propellants
 1. Carbon dioxide
 2. Nitrogen
 3. Nitrous oxide
 4.Fluorinated Hydrocarbons: Trichloromonofluoromethane; Dichlorodifluoromethane; Dichlorotetrafluoroethane; Chlorpentafluoroethane; Monochlorodifluoroethane; Octafluorocyclobutane
 CFC (chloroflurocarbon): phased out as propellant of aerosolCFC (chloroflurocarbon): phased out as propellant of aerosol
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Aerosol SystemsAerosol Systems
 The pressure of an aerosol is critical to its performance. It can be controlled by
 1. The type and amount of propellant
 2. The nature and amount of material comprising the product concentrate
 Space aerosols usually operate at pressures between 30 to 40 psig ( pounds per square inch gauge )at 700F and may contain as much as 85% propellant
 Surface aerosols commonly contain 30 to 70% propellant with pressures between 25 and 55 psig at 700F
 Foam aerosols usually operate between 35 and 55 psig at 700F and may contain only 6 to 10% propellant
 Two - phase SystemTwo - phase System
 Comprised (1) the liquid phase - liquefied propellant and product concentrate (2) the vapor phase
 Three - phase SystemsThree - phase Systems
 Comprised (1) layer of water immiscible liquid propellant, (2) layer of highly aqueous product concentrate, and (3) vapor pressure
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Compressed Gas SystemCompressed Gas System
 - Compressed rather liquefied, gases may be used to prepare aerosols.
 - pressure in the headspace of the aerosol container forces the product concentrate up the dip tube and out of the valve
 Examples of gases: Nitrogen, carbon dioxide and nitrous oxide
 Aerosol Container and Valve AssemblyAerosol Container and Valve Assembly
 - effectiveness of the aerosol depends on: the proper combination of formulation, container, and valve assembly.
 - formulation must not chemically interact with the container or valve components to avoid unstability of the formulation.
 - container and the valve must be capable of withstanding the pressure required by the product,
 - must be corrosive resistant
 - valve must contribute to the form of the product to be emitted.
 ContainersContainers
 1. Glass, uncoated or plastic coated
 2. Metal, including tinplated steel, aluminum, and stainless steel
 3. Plastics
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The selection of containersThe selection of containers for an aerosol product is based on:
 1. Its adaptability to production methods
 2. Compatibility with formulation components
 3. Ability to sustain the pressure intended for the product
 4. The interest in design and aesthetic appeal on the part of the manufacturer, and
 5. Cost
 VALVE ASSEMBLYVALVE ASSEMBLY
 - function of the valve assembly: to permit the expulsion of the contents of the can in the desired form, at the desired rate, and, in the case of metered valve, in the proper amount or dose.
 - materials used in the manufacture of valves must be inert and approved by BFAD.
 - materials used in making valve parts: plastic, rubber, aluminum, and stainless steel.
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Amount of propellant Valve assembly Container Particle size
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Parts of Aerosol ValveParts of Aerosol Valve
 1. Actuator - button which the user presses to activate the valve assembly for the emission of the product.
 2. Stem - supports the actuator and delivers the formulation in the proper form to the chamber of the actuator.
 3. Gasket - placed snugly with the stem, serves to prevent leakage of the formulation when the valve is in closed position.
 4. Spring - holds the gasket in place and also is the mechanism by which the actuator retracts when pressure is released, thereby returning the valve to the closed position.
 5. Mounting cup - attached to the aerosol can or container, serves to hold the valve in place.
 6. Housing - located directly below the mounting cup,
 -serves as the link between the dip tube and the stem and actuator. With the stem, its orifice helps to determine the delivery rate and the form in which the product is emitted.
 7.Dip tube - extends from the housing down into the product
 - serves to bring the formulation from the container to the valve.

Page 53
                        

Metered Dose Inhalers (MDIs)Metered Dose Inhalers (MDIs)
 Example: Allupent. Each metered dose is delivered through the mouthpiece upon actuation of the aerosol unit’s valve
 Nitrolingual spray - permits a patient to spray droplets onto or under the tongue for acute relief of an attack, or prophylaxis, of angina pectoris due to coronary artery disease. The product contains 200 doses of nitroglycerin in a propellant mixture of dichlorofluoromethane and dichlorotetrafluoroethane
 Filling OperationsFilling Operations
 Fluorinated hydrocarbon gases may be liquefied by cooling below their boiling points or by compressing the gas at room temperature. These 2 features are utilized in the filling of aerosol containers with propellant.
 Cold FillingCold Filling
 Both the product concentrate and the propellant must be cooled to temperatures of -300 to -40 0F. This temperature is necessary to liquefy the propellant gas. The cooling system may be a mixture of dry ice and acetone.
 Pressure FillingPressure Filling
 The product concentrate is quantitatively placed in the aerosol container, the valve assembly is inserted and crimped into place, and liquefied gas, under pressure, is metered into the valve stem from a pressure burette.
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Testing the Filled ContainersTesting the Filled Containers
 Container is tested under various environmental conditions
 1. Leaks
 2. Weakness in the valve assembly or container
 3. Proper function s of the valve
 4. The valve discharge rate - determine by discharging a portion of the contents of a previously weighed aerosol during a given period of time, and calculating, by the difference in weight, the grams of contents discharged per unit of time.
 5. Particle size distribution of the spray
 6. For accuracy and reproducibility of dosage when using metered valves
 Topical AerosolsTopical Aerosols
 Aerosols packages for topical use on the skin include:
 Antiinfectives: Povidone - iodine, Tolnaftate and Thimerosal; Adrenocortical steroids: Betamethasone and Triamcinolone
 acetonide:
 Local anesthetic: Dibucaine hydrochloride
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Vaginal and Rectal AerosolsVaginal and Rectal Aerosols
 Aerosols foams
 - commercially available containing estrogenic substances and contraceptives agents.
 Example: ProctoFoam - contains pramoxine hydrochloride - use to relieve inflammatory anorectal disorder
 Examples of Inhalation AerosolsExamples of Inhalation Aerosols
 1. Albuterol Inhalation - Proventil Inhalation Aerosol - Beta-adrenergic
 2. Beclomethasone Dipropionate - Beclovent Inhaltion - Adrenocortical Beconace steroid
 3. Cromolyn Sodium - Intal Inhaler - Atiasthmatic, Antiallergic
 4. Ipratropium Bromide - Atrovent - Anticholinergic
 5. Isoetharine Mesylate - Bronkometer - Sympathomimetic - brochial asthma
 6. Metaproterenol Sulfate - Alupent - Sympathomimetic
 7. Salmeterol Xinafoate - Serevent - Beta-adrenergic agonist
 8. Terbutaline Sulfate - Brethaire - Beta-adrenergic agonist
 9. Triamcinolone Acetonide - Azmacort - Corticosteroids for asthma
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Aerosol Gel Magma suspension
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