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OBJECTIVES

After reading this chapter, the student will be able to)’ V i
1. Differentiate between a suspension, an emulsion, algel, and onmagma
2. Compare and contrast the different disperse systems, and list advcifitage

and disadvantages of each system V I )

3. Compare and contrast the following emulsification theories: surface tension,

oriented-wedge, and interfacial film

. Define and differentiate the following terms from one another: lyophobic.

lyophilic, hydrophobic, hydrophilic, amphiphilic, imbibition, swelling, syneresis,

thixotropy, and xerogel

. Evaluate and select a proper disperse system and delivery method fora

given purpose, patient population, and/or patient circumstance

This chapter includes the main types of liq-

uid preparations containing undissolved or

immiscible drug distributed throughout a

vehicle. In these preparations, the substance

distributed is referred to as the dispersed phase,

and the vehicle is termed the dispersing phase

or dispersion medium. Together, they produce

a dispersed or disperse system.

The particles of the dispersed phase are

usually solid materials that are insoluble in

the dispersion medium. In the case of emul-

sions, the dispersed phase is a liquid that

is neither soluble nor miscible with the liq-

uid of the dispersing phase. Emulsification

results in the dispersion of liquid drug as fine

droplets throughout the dispersing phase. In

the case of an aerosol, the dispersed phase

may be small air bubbles throughout a solu-

tion or an emulsion. Dispersions also consist

of droplets of a liquid (solution or suspen-
sion) in air.

The particles of the dispersed phase vary

widely in size, from large particles visible

to the naked eye down to particles of col-

loidal dimension, falling between 1.0 nm

Page 3 of 64

and 0.5 pm. A discussion on the difference

between particles and molecules is pro-

vided in Physical Pharmacy Capsule 14.1.

Dispersions containing coarse particles,

usually 10 to 50 mm, are referred to as coarse

dispersions; they include the suspensions and

emulsions. Dispersions containing particles

of smaller size are termed fine dispersions (0.5

to 10 um) and, if the particles are in the col-

loidal range, colloidal dispersions. Magmas and

gels are fine dispersions.

Largely because of their greater size, par-

ticles in a coarse dispersion have a greater

tendency to separate from the dispersion

medium than do the particles of a fine disper-

sion. Most solids in dispersion tend to settle
to the bottom of the container because of their

greater density than the dispersion medium,

whereas most emulsified liquids for oral use

are oils, which generally have less density

than the aqueous medium in which they are

dispersed, so they tend to rise toward the

top of the preparation. Complete and uni-

form redistribution of the dispersed phase
is essential to the accurate administration

445



446 SECTION VI - LIQUID DOSAGE FORMS

PHYSICAL PHARMACY CAPSULE 'l4.l

Particles Versus Molecules

Particles of drug substances can actually range from an aggregation of two or more molecules
to millions of molecules.The term ‘partic|e“ should not be confused with “molecule.” The mol-
ecule is the smallest unit of any chemical compound that possesses all the native properties of

that compound. Particles consist of numerous molecules, generally in a solid state (but can be

liquid or gaseous). Dissolution is the solid to liquid transformation that converts solid drug par-
ticles to individual, dissolved liquid molecules. Even the smallest invisible drug particle contains

billions of molecules. Most nonprotein or small molecule organic drugs have formula weights
ranging from 150 to 500.

EXAMPLE

Let's look at how many molecules may be present in a 1-ng particle of ibuprofen with a formula

weight of 206:

(l ng)(l g) (6.02 x l 023 molecules)

(particle) (1x10°) (206 g) (Mole)
= 2.923 X10" molecules

This illustrates that a 1—ng invisible particle will contain 2.923,000,000.000 molecules.

of uniform doses. For a properly prepared

dispersion, this should be accomplished by

moderate agitation of the container.

The focus of this chapter is on dispersions

of drugs administered orally or topically. The

same basic pharmaceutical characteristics

apply to dispersion systems administered by

other routes. Included among these are oph-

thalmic and otic suspensions and sterile sus-

pensions for injection, covered in Chapters

17 and 15, respectively.

SUSPENSIONS

Suspensions may be defined as prepara-

tions containing finely divided drug par-

ticles (the suspensoid) distributed somewhat

uniformly throughout a vehicle in which the

drug exhibits a minimum degree of solubil-

ity. Some suspensions are available in ready-

to-use form, that is, already distributed

through a liquid vehicle with or without sta-

bilizers and other additives (Fig. 14.1). Other

preparations are available as dry powders
intended for suspension in liquid vehicles.

Generally, this type of product is a powder

mixture containing the drug and suitable

Page 4 of 64

suspending and dispersing agents to be

diluted and agitated with a specified quan-

tity of vehicle, most often purified water.

Figure 14.2 demonstrates preparation of this

type of product. Drugs that are unstable if

maintained for extended periods in the pres-

ence of an aqueous vehicle (e.g., many anti-

biotic drugs) are most frequently supplied as

dry powder mixtures for reconstitution at the

time of dispensing. This type of preparation

is designated in the USP by a title of the form

”for Oral Suspension.” Prepared suspen-

sions not requiring reconstitution at the time

of dispensing are simply designated as ”Oral

Suspension.”

Reasons for Suspensions

There are several reasons for preparing

suspensions. For example, certain drugs
are chemically unstable in solution but

stable when suspended. In this instance,

the suspension ensures chemical stability

while permitting liquid therapy. For many

patients, the liquid form is preferred to the

solid form of the same drug because of the

ease of swallowing liquids and the flexibility
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448 SECTION VI - LIQUID DOSAGE FORMS

be readily redispersed upon gentle shal<- pharmaceutical adjuncts, will be discussed

ing of the container. briefly.

. The particle size of the suspensoid should

remain fairly constant throughout long Sedimentation Rate Of the
periods of undisturbed standing. Particles Of (J Suspension

. The suspension should pour readily and. . The various factors involved in the rate of
evenly from its container.

settling of the particles of a suspension are

These main features of a suspension, embodied in the equation of Stokes law,

which depend on the nature of the dis- which is presented inthe Physical Pharmacy

persed phase, the dispersion medium, and Capsule 14.2.

PHYSICAL PHARMACY CAPSULE 14.2

Sedimentation Rate and Stokes Equation

Stokes equation:

fi=d’(n-99):;
dt 1811

where

dx/dt is the rate of settling.
d is the diameter of the particles.

p, is the density of the particle.
pa is the density of the medium.
g is the gravitational constant, and
n is the viscosity of the medium.

A number of factors can be adjusted to enhance the physical stability of a suspension.
including the diameter of the particles and the density and viscosity of the medium.The effect

of changing these is illustrated in the following example.

EXAMPLE

A powder has a density of 1.3 g/mL and an average particle diameter of 2.5 pg (assuming
the particles to be spheres). According to the Stokes equation, this powder will settle In water

(viscosity of 1 CP assumed) at this rate:

(2.5><‘|0“')2 (1 .3—1.o) (980)
I8 x 0.01 =l.02 x l0“cm/s

If the particle size of the powder is reduced to 0.25 pm and water is still used as the disper-
sion medium, the powder will now settle at this rate:

(2.5 x 1 04)’ (1 .3 — 1.o)(9ao) _ -6

wxom —l.02xl0 cm/s

As is evident, a decrease in particle size by a factor of 10 results in a reduction in the rate of

settling by a factor of l00.This enhanced effect is a result of the d factor in the Stokes equation

being squared.
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450 SECTION VI - LIQUID DOSAGE FORMS

is increased, it is done so only to a modest
extent to avoid these difficulties.

The viscosity characteristics of a suspen-

sion may be altered not only by the vehicle

used but also by the solid content. As the

proportion of solid particles in a suspension

increases, so does the viscosity. The viscos-

ity of a pharmaceutical preparation may be

determined through the use of a viscometer,
such as a Brookfield viscometer, which mea-

sures viscosity by the force required to rotate

a spindle in the fluid being tested (Fig. 14.3).

For the most part, the physical stability of

a pharmaceutical suspension appears to be

most appropriately adjusted by an alteration

in the dispersed phase rather than through

great changes in the dispersion medium. In

most instances, the dispersion medium sup-

ports the adjusted dispersed phase. These

adjustments are concerned mainly with par-

ticle size, uniformity of particle size, and sep-

aration of the particles so that they are not

Synchronous motor

Speed selector knob

On—off toggle switch

Clutch lever

Knurled nut

Handle

Polnter

Jewel bearing support /‘

Spindle coupling nut

Immersion mark

Spindle body

likely to become greatly larger or to form a

solid cake upon standing.

Physical Features of the Dispersed
Phase of a Suspension

Probably the most important single consid-

eration in a discussion of suspensions is the

size of the particles. In most good pharma-

ceutical suspensions, the particle diameter is
1 to 50 pm.

Generally, particle size reduction is accom-

plished by dry milling prior to incorporation

of the dispersed phase into the dispersion

medium. One of the most rapid, conve-

nient, and inexpensive methods of produc-

ing fine drug powders of about 10 to 50 um

size is micropulverization. Micropulverizers

are high-speed attrition or impact mills that

are efficient in reducing powders to the size

acceptable for most oral and topical suspen-

sions. For still finer particles, under 10 um,

Gear train

Circular
bubble level

Dial

Calibrated

spiral spring

Upper shalt

spindle guard

Sample
container

FIGURE l4.3 The Brookfield viscometer. (Courtesy of Brooklield Engineering
Laboratories.)
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452 SECTION Vi - LIQUID DOSAGE FORMS

measurement of dosage and, from an aes-

thetic point of view, produces too unsightly

a supernatant layer. In many commercial

suspensions, suspending agents are added to

the dispersion medium to lend it structure.

Carboxymethylcellulose (CMC), methylce1-

lulose, microcrystalline cellulose, polyvinyl-

pyrrolidone, xanthan gum, and bentonite are

a few of the agents employed to thicken the

dispersion medium and help suspend the

suspensoid. When polymeric substances and

hydrophilic colloids are used as suspending

agents, appropriate tests must be performed

to show that the agent does not interfere with

availability of the drug. These materials can

bind certain medicinal agents, rendering

them unavailable or only slowly available for

therapeutic function. Also, the amount of the

suspending agent must not be such to render

the suspension too viscous to agitate (to dis-

tribute the suspensoid) or to pour. The study

of flow characteristics is rheology. A sum-

mary of the concepts of rheology is found in

Physical Pharmacy Capsule 14.3.

PHYSICAL PHARMACY CAPSULE 14.3

Rheology

Rheology, the study of flow, addresses the viscosity characteristics of powders, fluids. and

semisolids. Materials are divided into two general categories, Newtonian and non-Newtonian,
depending on their flow characteristics. Newtonian flow is characterized by constant viscosity,

regardless of the shear rates applied. Non-Newtonian flow is characterized by a change in

viscosity characteristics with increasing shear rates. Non-Nevvtonian flow includes plastic, pseu-
doplastic, and dilatant flow.

The Newton law of flow relates parallel layers of liquid: with the bottom layer fixed, when a
force is placed on the top layer. the top plane moves at constant velocity, and each lower layer

moves with a velocity directly proportional to its distance from the stationary bottom layer. The

velocity gradient, or rate of shear (dv/dr), is the difference of velocity dv between two planes of
liquid separated by the distance clr. The force (F’/A) applied to the top layer that is required to
result in flow (rate of shear, G) is called the shearing stress (F). The relationship can be expressed:

F’ dv

A ndr

where 11 is the viscosity coefficient or viscosity.This relationship is often written:

"=6

where

F = F’/A and
G = dV/d|'.

The higher the viscosity of a liquid, the greater the shearing stress required to produce a cer-

tain rate of shear.A plot of F versus G yields a rheogram.A Newtonian fluid will plot as a straight
line with the slope of the line being 11. The unit of viscosity is the poise. the shearing force
required to produce a velocity of l cm/s between two parallel planes of liquid, each 1 cm? in
area and separated by a distance of l cm.The most convenient unit to use is the centipoise,

or cP (equivalent to 0.01 poise).
These basic concepts can be illustrated in the following two graphs.

Page 10 of 64



CHAPTER 14 - DISPERSE SYSTEMS 453

PHYSICAL PHARMACY CAPSULE 14.3 CONT.

RateofShear

Shearing Stress Shear Rate

EXAMPLE I

What is the shear rate when an oil is rubbed into the skin with a relative rate of motion between

the fingers and the skin of about 10 cm/s and the film thickness is about 0.02 cm?

10cm/s _ -I

0.02 ' 500 S
G:

The viscosity of Newtonian materials can be easily determined using a capillary viscometer,
such as the Ostwald pipette, and the following relationship:

n’ = ktd
where

n’ is viscosity;

k is a coefficient, including such factors as the radius and length of the capillary, volume of
the liquid flowing. pressure head, and so on;
t is time: and

d is density of the material.

The official compendia, the USP and NF. use kinematic viscosity, the absolute viscosity divided
by the density of the liquid, as follows:

Kinematic viscosity = n’ / p

The relative viscosity of a liquid can be obtained by using a capillary viscometer and compar-
ing data with a second liquid of known viscosity, provided the densities of the two liquids are
known. as follows:

'1' / 112. = (o*)/ (vote)

EXAMPLE 2

At 25°C, water has a density of l g/mL and a viscosity of 0.895 cF!The time of flow of water in a
capillary viscometer is 15 seconds. A 50% aqueous solution at glycerin has a flow time of 750

seconds. The density of the glycerin solution is 1.216 g/mL. What is the viscosity of the glycerin
solution?

Page 11 of 64



       

     

      
   

  
                  

                    
          

 
    

      

      

   

 

               
           
      

    
        

 

        

   
 

   

           

 
                      

        

   

   

    

              
           

          
              

               
                
    

 

 

Page 12 of 64



  
 
 

CHAPTER 14 - DISPEPSE SYSTEMS 455

PHYSICAL PHARMACY CAPSULE 14.3 CONT.

L
Shear Rate

RateofShear Viscosity 
,» 4- Yield Value

Shearing Stress

Pseudoplastic substances begin flow when a shearing stress is applied: therefore, they exhibit
no yield value. With increasing shearing stress, the rate of shear increases: consequently, these
materials are also oalled shear-thinning systems. It is postulated that this occurs as the mol-
ecules, primarily polymers. align themselves along the long axis and slip or slide past each other.

g b
Shearing Stress Shear Rate

RateofShear Viscosity

Dilatant materials are those that increase in volume when sheared. and the viscosity

increases with increasing shear rate. These are also called shear-thickening systems. Dilatant
systems are usually characterized by having a high percentage of solids in the formulation.

L K
Shearing Stress Shear Hate

 
 RateofShear Viscosity
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PHYSICAL PHARMACY CAPSULE 14.3 CONT.

The viscosity of non—Nevvtonian materials is determined using a viscometer capable of pro-

ducing differing shear rates, measuring the shear stress, and plotting the results. Other types of
flow not detailed here include thixotropic, antithixotropic, and rheopexic.Thixotropic flow is used

to advantage in some pharmaceutical formulations. It is a reversible geI—soI transformation.

Upon setting, a network gel forms and provides a rigid matrix that will stabilize suspensions and
gels. When stressed (by shaking), the matrix relaxes and forms a sol with the characteristics of
a liquid dosage form for ease of use. All of these unique flow types can be characterized by
studying their respective rheograms.

Support of the suspensoid by the disper-

sion medium may depend on several fac-

tors: the density of the suspensoid, whether
it is flocculated, and the amount of material

requiring support.

The solid content of a suspension intended

for oral administration may vary consider-

ably, depending on the dose of the drug to

be administered, the volume of product to be

administered, and the ability of the dispersion

medium to support the concentration of drug

while maintaining desirable features of viscos-

ity and flow. Frequently, the usual adult oral

suspension is designed to supply the dose of

the particular drug in a convenient measure of

5 mL or 1 teaspoonful. Pediatric suspensions

are formulated to deliver the appropriate dose

of drug by administering a dose-calibrated

number of drops or with the use of a teaspoon.

Figure 14.4 shows commonly packaged oral

suspensions administered as pediatric drops.

Some are accompanied by a calibrated drop-

per, whereas other packages have the drop

capability built into the container. On adrnin—

istration, the drops may be placed directly in

the infant's mouth or mixed with a small por-

tion of food. Because many of the suspensions

of antibiotic drugs intended for pediatric use

are prepared in a highly flavored, sweetened,

colored base, they are frequently referred to by

their manufacturers and also popularly as syr-

ups, even though in fact they are suspensions.

Preparation of Suspensions

In the preparation of a suspension, the phar-

macist must be acquainted with the char-

acteristics of both the intended dispersed

Page 14 of 64

phase and the dispersion medium. In some

instances, the dispersed phase has an affinity

for the vehicle to be employed and is readily

wetted by it, Other drugs are not penetrated

easily by the vehicle and have a tendency to

clump together or to float on the vehicle. In

the latter case, the powder must first be wet-

ted to make it more penetrable by the disper-

sion medium. Alcohol, glycerin, propylene

glycol, and other hygroscopic liquids are

employed as wetting agents when an aque-

ous vehicle is to be used as the dispersion

phase. They function by displacing the air in

the crevices of the particles, dispersing the

particles, and allowing penetration of disper-

sion medium into the powder. In large-scale

preparation of suspensions, wetting agents

FIGURE 14.4 Oral pediatric suspensions showing pack-
age designs of a built-in dropper device and a calibrated
dropper accompanying the medication container.
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458 SFCTION VI - IIQUID DOSAGE l-OIPMS

 
FIGURE 14.6 Liquid filling. Bottles being conveyed after cleaning. As they pass through an indexing worm, the
bottles are spaced accurately for filling and capping. (Courtesy of Paddock Laboratories.)

the resin but is slowly released by the ion
exchange process in the gastrointestinal tract.

An example of this product type is hydro-

codone polistirex (Tussionex Pennkinetic

Extended-Release Suspension, CellTech).

Extemporaneous Compounding of
Suspensions

Unfortunately, not all medicines are avail-

able in a convenient, easy-to-take liquid dos-

age form. Consequently, patients who are
not able to swallow solid medicines, such as

infants and the elderly, may present a special

need. Thus, the pharmacist may have to use a

solid dosage form of the drug and extempo-

raneously compound a liquid product. A dif-

ficulty that confronts the pharmacist is a lack

of ready information on stability of a drug

in a liquid vehicle. It is known that drugs in

liquid form have faster decomposition rates

than in solid form and some are affected by

the pH of the medium. Leucovorin calcium

when compounded from crushed tablets or

the injectable form is most stable in milk or
antacid and is unstable in acidic solutions.

To overcome this information gap, the

pharmacist can attempt to contact the man-

ufacturer of the solid dosage form to attain

stability information. A number of extem-

poraneous formulations have appeared in

Page 16 of 64

the professional literature, such as for pred-
nisone oral suspension (4) and ketoconazole

suspension (5), and some manufacturers

provide in the package insert a formula for

preparation of an oral liquid form, such as

Rifadin (rifampin, Aventis). A number of

compilations of formulations based upon

documented stability data and unpublished

data compiled by manufacturers and practi-

tioners are available for pharmacists to use,

and hundreds of compounded liquid formu-

lations are available through journals such

as the International journal of Pharmaceutical

Compounding.

Typically, in formation of an extemporane-

ous suspension, the contents of a capsule are

emptied into a mortar or tablets crushed in

a mortar with a pestle. The selected vehicle

is slowly added to and mixed with the pow-

der to create a paste and then diluted to the
desired volume. The selected vehicle can be

a commercial product, such as the Ora fam-

ily of preparations (Ora-Sweet, Ora-Sweet SF,
Ora-Plus, Ora-Blend, Paddock Laboratories).

The extent of the formulation depends

upon the patient. For example, a liquid sus-

pension for a neonate should not include

preservatives, colorings, flavorings, or alco-

hol because of the potential for each of these

to cause either acute or long-term adverse

effects. Because this liquid product will
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460

ORAL SUSPENSIONS BY CATEGORY

ORAL SUSPENSION

Antacids

Alumina, magnesia.
simethicone

Magaldrate

Magnesia and
alumina

Aluminum hydroxide.
magnesium
carbonate

Anfholmlnflcs

Pyrantel pamoate

Thiabendazole

REPRESBITATIVE
COMMERCIAL
PRODUCTS

Mylanta Liquid
(Johnson &
Johnson Merck)

Riopan Oral
Suspension (Wyeth)

Maalox Suspension
(Novartis Consumer
Health)
Gaviscon

Liquid Antacid
(GIaxoSmithKlIne)

Pin-X Oral

Suspension (Effcon)
Mintezcl Oral

Suspension (Merck)

Anflbacterlals (Antibiotics)

Ciprofloxacln

Erythromycln estolate

Cipro Oral
Suspension
(scherlng-Plough)
Generic

SECTION VI - IIQUID DOSAGF FORMS

DRUG CONCENTRATION IN
COMMERCIAL PRODUCT COMMENTS

Aluminum hydroxide.
200 mg: magnesium
hydroxide. 200 mg; and
simethicone. 20 mg/5 mL

Counteract gastric hyperacidity.
relieve distress in the upper
gastrointestinal tract

Hydroxymagnesium
aluminate 540 mg
aluminum (chemical
entity of aluminum and
magnesium hydroxides)

Aluminum hydroxide
225 mg: magnesium
hydroxide 200 mg/5 mL

Aluminum hydroxide
95 mg; magnesium
carbonate 358 mg/15
mL; sodium alginate

250 mg/5 mL For worm infestations

500 mg/5 mL

Indicated in the treatment

of specific susceptible
microorganisms

Broad-spectrum macrolide
antibiotic; bacterlostatic and

bactericidal activity

50 and 100 mg/mL

125 and 250 mg/5 mL

Anflbactorlals (Nonanflbloilc Anti-Infectlvcs)
Methenamine
mandelate

Page 18 of 64

Mandelamine

Suspension Forte
(various)

500 mg/5 mL Oleaginous vehicle: chemical
combination of approximately
equal parts of methenamine
and mandelic acid: destroys
most pathogens commonly
infecting urinary tract. Acid urine
is essential for activity; maximum
efficacy at pH 5.5. Methenamine
in acid urine is hydrolyzed to
ammonia and the bactericidal

agent, formaldehyde. Mandelic
acid exerts its antibacterial
action. contributes to
acidification of urine. Usual

dose 1 g up to 4 times a day.
Suspension form especially
useful for children, adults who

do not swallow a tablet (also
official and commercially
available)
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ORAL SUSPENSIONS BY CATEGORY (Continued)
REPRESENTATIVE
COMMERCIAL DRUG CONCENTRATION IN

ORAL SUSPENSION PRODUCTS COMMERCIAL PRODUCT COMMENTS

Sulfamethoxazole and Bactrim Suspension Trimethoprlm 40 mg, For acute middle ear infection
trimethoprim (Roche), Septra sulfamethoxazole (otitis media) in children,

Suspension 200 mg/5 mL urinary tract infections due to
(Monarch) susceptible microorganisms

Sulfamethoxazole Gantanol 500 mg/5 mL Bacteriostatic sulfa drug
Suspension (various) suspensions useful for urinary

tract infections. Sulfonamides

competitively inhibit bacterial
synthesis of folic acid and
paraaminobenzoic acid.

Sulflsoxazole acetyi Gantrlsln Syrup and 500 mg/5 mL
oral suspension Gantrisin Pediatric

Suspension (Roche)
Antldlarrheal

Bismuth subsallcylate Pepto-Bismol Liquid 262 mg/15 mL For indigestion without causing
(Procter & Gamble) constipation. nausea, control

of diarrhea. Unlabeled use

for prevention and treatment
of traveler's (enterotoxigenic
Escherichia coir) diarrhea. but not
the first line of therapy for either

Anflflafulent

Simethicone Myiicon Drops 40 mg/0.6 mL Symptomatic treatment of
(Astrazeneca) gastrointestinal distress due to

gas. Reduces surface tension
of gas bubbles, enabling them
to coalesce and be released

through belching or fiatus

Antifungals

Nystatin Niistat (Wyeth) 100,000 U/mL Antibiotic with antifungal
activity. Suspension is held in
mouth as long as possible
before swallowing in treatment
of mouth infections caused by
Candida (Monilia) albicans,
other Candida spp.

Anflprotozoal

Atovaquone Mepron Suspension 750 mg/5 mL indicated for the prevention of
(G|axoSmithKIine) Pneumocystis carinii pneumonia

Anfipsychotics.
sedatives. Antlomotlcs

Hydroxyzine pamoate Vistaril Oral 25 mg/5 mL Management of anxiety, tension.
Suspension (Pfizer) psychomotor agitation

Diuretic

Chlorothiazide Diuril Oral (Salix) 250 mg/5 mL interferes with renal tubular
electrolyte reabsorption: increases
sodium. chloride excretion

(Continued)
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ORAL SUSPENSIONS BY CATEGORY (Continued)
REPRESENTATIVE
COMMERCIAL DRUG CONCENTRATION IN

ORAL SUSPENSION PRODUCTS COMMERCIAL PRODUCT COMMENTS

HIV Infections

Nevirapine Viramune Oral 50 mg/5 mL Used in combination with other
Suspension infections
antiretroviral

agents in treating
HIV-I (Boehringer
lngelheim)

Nonstomldal Ant!-Inflammatory

lndomethacin indocin Oral 25 mg/5 mL Active treatment of moderate
Suspension (Merck to severe rheumatoid arthritis
8: Co.) (including acute flares of

~ chronic illness). moderate to
severe osteoarthritis. acute

painful shoulder (bursitis or
tendinitis), acute gouty arthritis

Psychotropic

Paroxetine HCI Paxil Oral 10 mg/5 mL Indicated for the treatment of
Suspension (Apotex)

For instance, sodium bicarbonate can pro-

duce sodium overload and systemic alkalo-

sis, a hazard to patients on sodium-restricted

diets. Magnesium preparations may lead

to diarrhea and are dangerous to patients
with diminished renal function because of

those patients’ inability to excrete all of the

magnesium ion that may be absorbed; the

gastric acid converts insoluble magnesium

hydroxide to magnesium chloride, which

is water soluble and is partially absorbed.

Calcium carbonate carries the potential to

induce hypercalcemia and stimulation of

gastric secretion and acid production, the lat-
ter effect known as acid rebound. Excessive

use of aluminum hydroxide may lead to con-

stipation and phosphate depletion with con-

sequent muscle weakness, bone resorption,

and hypercalciuria.

The use to which an antacid is to be put

is a major consideration in its selection. For
instance, in the occasional treatment of heart-

burn or other infrequent episodes of gastric

distress, a single dose of sodium bicarbon-

ate or a magnesium hydroxide preparation

may be desired. However, for treatment of
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major depressive disorder

acute peptic ulcer or duodenal ulcer in which

the therapeutic regimen includes frequent
administration of antacids, sodium bicarbon-

ate provides too much sodium, and magne-

sium hydroxide induces diarrhea. Thus, in
the treatment of ulcerative conditions, a com-

bination of magnesium hydroxide and alu-

minum hydroxide is frequently used because

the latter agent has some constipating effects

that counter the diarrhea effects of the mag-

nesium hydroxide.

When frequent dosage administration is

required and when gastroesophageal reflux

is being treated, liquid antacids generally

are preferred to tablet forms. For one thing,

the liquid suspensions assert more immedi-

ate action, because they do not require time

to disintegrate. It is important that an ant-

acid have a reasonably fast onset of action,

because gastric emptying may not allow

it much time in the stomach. Endoscopic

studies have shown that very little antacid

remains in the fasting stomach 1 hour after
administration. Therefore, the U.S. Food and

Drug Administration (FDA) requires that ant-
acid tablets not intended to be chewed must
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cholestyramine (Questran, Par), used in the

management of hyperlipidemia, and barium

sulfate (Barosperse, Mallinckrodt), used

orally or rectally as a radiopaque contrast

medium to visualize the gastrointestinal tract

as an aid to diagnosis. Barium sulfate was
introduced into medicine about 1910 as a con-

trast medium for roentgen ray examination

of the gastrointestinal tract. It is practically
insoluble in water, and thus its administra-

tion even in the large doses required is safe

because it is not absorbed from the gastroin-

testinal tract. The pharmacist must be care-
ful not to confuse barium sulfate with other

forms of barium, such as barium sulfide and

barium sulfite, which are soluble salts and are

poisonous. Barium sulfate is a fine, nongritty,

odorless, and tasteless white powder. When

prepared as a suspension and administered

orally, it is used to diagnose conditions of the

hypopharynx, esophagus, stomach, small
intestine, and colon. The barium sulfate ren-

ders the gastrointestinal tract opaque to the

x-ray so as to reveal any abnormality in the
anatomic features of the tract. When admin-

istered rectally, barium sulfate allows visu-
alization of the features of the rectum and

colon.

Commercially, barium sulfate for diag-

nostic use is available as a bulk powder con-

taining the required suspending agents for

effective reconstitution to an oral suspension

or enema. Enema units, which contain pre-

pared suspension in a ready-to-use and dis-

posable bag, are also available.

EMULSIONS

An emulsion is a dispersion in which the dis-

persed phase is composed of small globules

of a liquid distributed throughout a vehicle

in which it is immiscible (Fig. 14.8). In emul-

sion terminology, the dispersed phase is the

internal phase, and the dispersion medium is

the external or continuous phase. Emulsions

with an oleaginous internal phase and an

aqueous external phase are oil-in-water (o/w)

emulsions. Conversely, emulsions having an

aqueous internal phase and an oleaginous

external phase are termed water—in—oz'l (w/o)

emulsions. Because the external phase of an
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FIGURE 14.8 Mineral oil-in-water emulsion. The largest
oil globule measures approximately 0.04 mm. (Courtesy
of James C. Price, PhD, College of Pharmacy, University
of Georgia.)

emulsion is continuous, an 0/w emulsion

may be diluted or extended with water or

an aqueous preparation and a w/0 emul-

sion, with an oleaginous or oil-miscible liq-

uid. Generally, to prepare a stable emulsion,

a third phase, an emulsifying agent, is neces-

sary. Depending on their constituents, the

viscosity of emulsions can vary greatly, and

pharmaceutical emulsions may be prepared

as liquids or semisolids. Based on the con-

stituents and the intended application, liquid

emulsions may be employed orally, topically,

or parenterally and semisolid emulsions

topically. Many pharmaceutical preparations

that are actually emulsions are not classified

as such because they fit some other pharma-

ceutical category more appropriately. For
instance, emulsions include certain lotions,

liniments, creams, ointrnents, and commer-

cial vitamin drops that are discussed in this

book under these various designations.

Purpose of Emulsions and of
Emulsification

Emulsification enables the pharmacist to

prepare relatively stable and homogeneous

mixtures of two immiscible liquids. It per-

mits administration of a liquid drug in the

form of minute globules rather than in bulk.

For orally administered emulsions, the 0/w
type permits palatable administration of



       

       
      

        
        

         
         

        
  

        
            
       
      

        
      

        
       
       

        
         

        
         

       
        

         
         

        
           

         
        

         
        

         
      

     
        

      
       

   

       
      
     
      

       
       
        

        
       

         
       

       
      

       
    

       
       

          
          

       
       

         
        

        
         

        
       

      
       

          
        

         
      
       

      
      
        

     
     

       
       

     
       

      
     

       
       

       
        

    
      

         
       
     

        
        

       
    

       
        

        
      

Page 24 of 64



which this theory is based (e.g., soaps) have

a hydrophilic or water-loving portion and

a hydrophobic or water-hating portion (but

usually lipophilic or oil loving), the molecules

position or orient themselves into each phase.

Depending on the shape and size of the mole-

cules, their solubility characteristics, and thus

their orientation, the wedge shape envisioned

for the molecules causes either oil globules or

water globules to be surrounded. Generally,

an emulsifying agent having a greater hydro-

philic than hydrophobic character will pro-
mote an 0/w emulsion, and a w/0 emulsion

results from use of an emulsifying agent

that is more hydrophobic than hydrophilic.

Putting it another way, the phase in which the

emulsifying agent is more soluble will become

the continuous or external phase of the emul-

sion. Although this theory may not represent

a totally accurate depiction of the molecular

arrangement of the emulsifier molecules, the
concept that water-soluble emulsifiers gener-

ally do form o/w emulsions is important and

is frequently encountered in practice.

The plastic or interfacial film theory places

the emulsifying agent at the interface

between the ofl and water, surrounding the

droplets of the internal phase as a thin layer

CHAPTER M - DISPEPSE SYSTEMS 467

of film adsorbed on the surface of the drops.

The film prevents contact and coalescing of

the dispersed phase; the tougher and more

pliable the film, the greater the stability of

the emulsion. Naturally, enough of the film-

forming material must be available to coat

the entire surface of each drop of the internal

phase. Here again, the formation of an 0/w

or a w/o emulsion depends on the degree of

solubility of the agent in the two phases, with

water-soluble agents encouraging o/w emul-
sions and oil-soluble emulsifiers the reverse.

In actuality, it is unlikely that a single the-

ory of emulsification can explain the means

by which the many and varied emulsifiers

promote emulsion formation and stabil-

ity. It is more than likely that even within

a given emulsion system, more than one of

the aforementioned theories play a part. For

instance, lowering of the interfacial tension

is important in the initial formation of an
emulsion, but the formation of a protective

wedge of molecules or film of emulsifier is

important for continued stability. No doubt

certain emulsifiers are capable of both tasks.

Physical Pharmacy Capsule 14.4 discusses

Gibbs free energy and its application to the
formulation of stable emulsions.

PHYSICAL PHARMACY CAPSULE 14.4

Gibbs Free Energy in an Emulsion

As previously discussed, pharmaceutical dispersions consist of two mutually insoluble phases
or states of matter. In suspensions, settling and compaction of solid drug particles may occur

as well as clumping or aggregation of particles (flocculation is aggregation that is reversible
upon vigorous agitation or shaking). In emulsions. creaming (a reversible weak association of
internal phase droplets) and cracking (an irreversible coalescence of internal phase droplets)
may occur.The latter may result to minimize Gibbs free energy by minimizing the surface area
of the internal phase.

Gibbs free energy states

AG: AAy

where

A is the size of change in G and A,
AG naturally ‘seeks’ to 0 or a minimum,
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A is the total surface area of dispersed particles, and
y is the interfacial tension, or interphase repulsion, that is,

liquid repels liquid in emulsions.
liquid repels solid in suspensions,

liquid repels gas, and
solid repels gas in inhalations.

A large ‘AG’ forces ‘A” to a minimum unless ‘y’ is greatly reduced to compensate for a large “A.”

Good emulsions and suspensions must have a very large ‘A‘ for dosing consistency: thus.
they must also have a very small “y.”

The natural instability of dispersions is due to

A large ‘A’ and a large '7, ' which cause a large ‘G’
A large ‘G’ and a large ‘y,’ which cause emulsified droplets and suspended particles, or
the internal phase. to aggregate to reduce ‘A" to reduce 'G"

Stable emulsions and suspensions must have a large ‘A” and a small “G” concurrently for
consistent and uniform dosing.This is done by decreasing ‘y,’ which will decrease ‘G,’ which will
decrease self-attraction of dispersed phase particles.

EXAMPLE

Area increase in o/w emulsion

Fifty milliliter of an oil in a graduated cylinder has a total A = 80 cm’.
This 50 mL is processed to make 9.55 x 10" droplets of 1 x 10*‘ cm diameter each.

Each droplet has an A = 7.854 x 10~° cm’.
The total ‘A’ of the 50 mL as 1-um diameter droplets is

(7.854 x 10”’ cm’ / droplet) x (9.55 x 1 0"°'droplets) = 7.5 ><105cm2

AA: 7.5 x105 cm’

80 cm’
=9.38><l03

For this emulsion to be stable, the “V must be decreased by nearly 9,400 times to minimize ‘G.’

Preparation of Emulsions

Emulsifying Agents

The initial step in preparation of an emulsion
is selection of the emulsifier. To be useful in a

pharmaceutical preparation, the emulsifying

agent must be compatible with the other for-

mulative ingredients and must not interfere

with the stability or efficacy of the therapeutic

agent. It should be stable and not deteriorate

in the preparation. The emulsifier should be

nontoxic with respect to its intended use and

the amount to be consumed by the patient.

Also, it should possess little odor, taste, or

color. Of prime importance is the capability
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of the emulsifying agent to promote emulsi-

fication and to maintain the stability of the
emulsion for the intended shelf life of the

product.

Various types of materials have been used

in pharmacy as emulsifying agents, with
hundreds, if not thousands, of individual

agents tested for their emulsification capabil-

ities. Although no attempt will be made here

to discuss the merits of each of these agents
in pharmaceutical emulsions, it would be

well to point out the types of materials that

are commonly used and their general appli-

cation. Among the emulsifiers and stabilizers

for pharmaceutical systems are the following:



1. Carbohydrate materials, such as the natu-

rally occurring agents acacia, tragacanth,

agar, chondrus, and pectin. These mate-

rials form hydrophilic colloids, which,

when added to water, generally produce

0/W emulsions. Acacia is frequently

used in the preparation of extempora-

neous emulsions. Tragacanth and agar

are commonly employed as thickening

agents in acacia-emulsified products.

Microcrystalline cellulose is employed

in a number of commercial suspensions

and emulsions as a viscosity regulator to

retard particle settling and provide dis-

persion stability.

. Protein substances, such as gelatin, egg

yolk, and casein. These substances pro-

duce 0/w emulsions. The disadvantage of

gelatin as an emulsifier is that the emul-

sion frequently is too fluid and becomes

more fluid upon standing.

. High molecular weight alcohols, such as

stearyl alcohol, cetyl alcohol, and glyceryl

monostearate. These are employed pri-

marily as thickening agents and stabilizers
for 0/w emulsions of certain lotions and

ointments used externally. Cholesterol

and cholesterol derivatives may also be

employed in externally used emulsions to

promote w/o emulsions.

. Wetting agents, which may be anionic,

cationic, or nonionic. These agents contain

both hydrophilic and lipophilic groups,

with the lipophilic protein of the molecule

generally accounting for the surface activ-

ity of the molecule. In anionic agents, this

lipophilic portion is negatively charged,

but in the cationic agent, it is positively

charged. Owing to their opposing ionic

charges, anionic and cationic agents tend
to neutralize each other and are thus con-

sidered incompatible. Nonionic emul-
sifiers show no inclination to ionize.

Depending on their individual nature,

certain members of these groups form
o/w emulsions and others w/o emul-
sions. Anionic emulsifiers include vari-

ous monovalent, polyvalent, and organic

soaps, such as triethanolamine oleate, and

sulfonates, such as sodium lauryl sulfate.

Benzalkonium chloride, known primarily
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for its bactericidal properties, may be

employed as a cationic emulsifier. Agents

of the nonionic type include the sorbitan

esters and the polyoxyethylene deriva-

tives, some of which appear in Table 14.2.
The ionic nature of a surfactant is a

prime consideration. Nonionic surfac-

tants are effective over pH range of 3 to
10, cationic surfactants are effective over

 Tc1l.)|«,2 111.2 HLB VALUES FOR SELECTED

EMULSIFIERS

AGENT HLB

Ethylene glycol distearate 1.5

Sorbitan trlstearate (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

Sorbitan monopalmllale (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-415” 10.4

Methylcellulose 10.5

Polyoxyethylene monostearale (Myrj 45°) 11.1
Triethanolamine oleate 12.0

Tragacanth 1 3.2
Triton X-100“ 13.5

Polyoxyethylene sorbitan monostearate 14.9
(Tween 60°)

Polyoxyethylene sorbitan monooleate 15.0
(Tween 80°)

Polyoxyethylene sorbitan monolaurate 16.7
(Tween 20°)
Pluronic F 68“ 17.0

Sodium oleaie 18.0

Potassium oleate 20.0

Sodium lauryl sulfate 40.0

°|Cl Americas, Wilmington. Delaware.
°Rohm and Haas, Philadelphia. Pennsylvania.
°Arnerohol Corporcr1ion.Edlson. New Jersey.
°BASF-Wyondotte Chemical. Parsippciny, New Jersey.
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pH range of 3 to 7, and anionic surfactants

require a pH greater than 8 (6).

5. Finely divided solids such as colloidal

clays, including bentonite, magnesium

hydroxide, and aluminum hydroxide.

Generally, these form 0/w emulsions
when the insoluble material is added to

the aqueous phase if there is a greater

volume of the aqueous phase than of the

oleaginous phase. However, if the pow-
dered solid is added to the oil and the

oleaginous phase volume predominates,

a substance such as bentonite is capable

of forming a w/o emulsion. The relative

volume of internal and external phases of

an emulsion is important, regardless of

the type of emulsifier used. As the internal
concentration of an emulsion increases,

so does the viscosity of the emulsion to

a certain point, after which the viscosity

decreases sharply. At this point, the emul-

sion has undergone inversion, that is, it has

changed from an o/w emulsion to a w/o

or vice versa. In practice, emulsions may

be prepared without inversion with as
much as about 75% of the volume of the

product being internal phase.

The HLB System

Generally, each emulsifying agent has a

hydrophilic portion and a lipophilic por-

tion, with one or the other being more or less

predominant and influencing in the man-

ner already described the type of emulsion.

A method has been devised (7,8) whereby

emulsifying or surface-active agents may

be categorized on the basis of their chemi-

cal makeup as to their hydrophilic—lipophilic

balance, or HLB. By this method, each agent

is assigned an HLB value or number indicat-

ing the substance’s polarity. Although the

numbers have been assigned up to about

40, the usual range is between 1 and 20.

Materials that are highly polar or hydro-

philic have been assigned higher numbers

than materials that are less polar and more

lipophilic. Generally, surface-active agents

having an assigned HLB value of 3 to 6 are

greatly lipophilic and produce w/o emul-

sions, and agents with HLB values of about

8 to 18 produce 0/w emulsions. Examples
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ACTIVITY AND HLB VALUE
OF SURFACTANTS

ACTIVITY ASSIGNED HLB

Antifooming 1 -3

Emulsifiers (w/o) 3-6

Wetting agents 7-9

Emulsifiers (o/w) 8-18
Solubllizers 15-20

Detergents 1 3-16

of assigned HLB values for some surfactants

are shown in Table 14.2. The type of activity

to be expected from surfactants of assigned

HLB numbers is presented in Table 14.3.

In the HLB system, in addition to the

emulsifying agents, values are assigned to
oils and oil~like substances. One selects emul-

sifying agents having the same or nearly the

same HLB value as the oleaginous phase of

the intended emulsion. For example, mineral

oil has an assigned HLB value of 4 if a w/o
emulsion is desired and a value of 10.5 if an

0/w emulsion is to be prepared. To prepare

a stable emulsion, the emulsifying agent
should have an HLB value similar to the one

for mineral oil, depending on the type of
emulsion desired. When needed, two or more

emulsifiers may be combined to achieve the

proper HLB value.

Physical Pharmacy Capsules 14.5 and 14.6
summarize the activities of surfactants and

the calculations to determine the quantity of

surfactant required for a stable emulsion.

Methods of Emulsion Preparation

Emulsions may be prepared by several meth-
ods, depending upon the nature of the com-

ponents and the equipment. On a small scale,

as in the laboratory or pharmacy, emulsions

may be prepared using a dry Wedgwood or

porcelain mortar and pestle; a mechanical

blender or mixer, such as a Waring blender

or a milkshake mixer; a hand homogenizer

(Fig. 14.9); a bench—type homogenizer (Fig.

14.10); or sometimes a simple prescription

bottle. On a large scale, large mixing tanks

(Fig. 14.5) may be used to form the emulsion

through the action of a high-speed impeller.
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PHYSICAL PHARMACY CAPSULE 14.5

Blending of Surfactants

Wetting agents are surfactants with HLB values of 7 to 9.Wetting agents aid in attaining intimate
contact between solid particles and liquids.

Emu/sifying agents are surfactants with HLB values of 3 to 6 or 8 to T8. Emulsifying agents

reduce intertacial tension between oil and water, minimizing surface energy through the forma-
tion of globules.

Detergents are surfactants with HLB values of T3 to 76. Detergents will reduce the surface ten-
sion and aid in wetting the surface and the dirt. The soil will be emulsified, and foaming gener—
ally occurs and a washing away of the dirt.

Solubilizing agents have HLB values of 75 to 20.

HLB values are additive. and often, surfactants are blended. For example, if 20 mL of an HLB of

9.0 is required, two surfactants (with HLB values of 8.0 and 12.0) can be blended in a 3:1 ratio.
The following quantities of each will be required:

0.75 x 8.0 = 6.0

0.25 x 12.0 = 3.0

Total HLB = 9.0

PHYSICAL PHARMACY CAPSULE 14.6

Surface Area of Globules

The following is a sample calculation for determining the quantity of surfactant required to
prepare a stable o/w emulsion.

A surface-active agent will spread itself as a single layer when applied to the surface of
still water. The dimensions of a molecule can be determined by their surface orientation. For
example, if a micropipetle is used to deliver 3 uL of a surfactant to the clean, quiet surface of

water, the area over which it spreads, determined experimentally using a fllm balance, is 12,000

cm’.The actual thickness of the film can be calculated by dividing the volume of surfactant
applied by the surface area, as follows:

0.003 em” = -7
ezooocmz 2.5><l0 cm

The surfactant has a density of 0.910 g/mL and a molecular weight of 325 g/moi. To cal-
culate the cross-sectional area occupied by each molecule, divide the area of the monome-

lecular film by the number of molecules in the 3 mL of surfactant comprising the film, as follows:

. Obtain the weight of the surfactant by multiplying the volume by the density (0.003 mL x
0.910 g/mL = 0.00273 g).

. To calculate the number of moles present, divide the weight of the surfactant by its molecu-

lar weight (0.00273 g/325 g/moi = 8.4 x 10-6 mol).
. The number of molecules present is the number of moles times Avogadro number (8.4 x

T0-° x 6.02 x 10” = 5.0568 x 10"‘ molecules).
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4. The cross-sectional area can now be calculated by dividing the surface area by the number

of molecules (12,000 cm’/5.0568 x 10"’ x 2.373 x 10"-“ cm? x 23.73 x 10-'° or approximately
24 square angstroms).

The quantity of surfactant required to emulsify a selected quantity of oil for the preparation
of an oil-in-water emulsion can be calculated as follows:

EXAMPLE

To emulsify 50 mL of oil to an average globular diameter of 1 pg, the volume of each

globule is

v, = gm’ = §n(o.5x1o*‘)’ = 0.524 x10"2 mL

To calculate the number of globules per milliliter, divide 1 mL by the volume of each globule:

1mL

 = 1 ><10l2glObL|te5

The surface area (S) of each individual globule will be

s= 4m” = 41r(0.5x10 ‘)2 = 3.14 x10 ' cm’

and the surface area of all the globules in 1 mL of oil is

(l.91x10")x(3.14 ><10‘°)=6><10“cm’

The number of surfactant molecules that will be adsorbed at the interface of the oil globules

and the dispersion medium from 1 mL of oil is equal to the total surface area divided by the
cross-sectional area of the surfactant:

6x10‘cm’

‘ 2-523 " ‘°'°“‘°'e°”'eS

The number of moles of surfactant required to emulsify 1 mL of oil is equal to the number of

molecules adsorbed at the interface divided by Avogadro number:

2528 X10” molecules
_.e_.e_=4_199 1 s |
é.O2x10" moleculesl mole X 0 mo es

and the quantity required for 50 mL will be

50 mL x 4.199 x 10*‘ moles/mL = 2.095 x 10* moles

2.095 x 10'“ moles x 325 g / mole = 0.681 g, or 681 mg

Therefore, 681 mg of surfactant will be required to emulsify 50 mL of the oil.
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and Diprolene (augmented betamethasone

dipropionate, Schering-Plough).

A shampoo is a solution, emulsion, or sus-

pension dosage form used to clean the hair

and scalp. It may contain an active phar-

maceutical ingredient intended for topical

application to the scalp.

GELS AND MAGMAS

Gels are defined as semisolid systems consist-

ing of dispersions made up of either small

inorganic particles or large organic molecules

enclosing and interpenetrated by a liquid.

Gels are also defined as semirigid sys-

tems in which the movement of the dispers-

ing medium is restricted by an interlacing

three-dimensional network of particles or

solvated macromolecules of the dispersed

phase. A high degree of physical or chemical

cross-linking may be involved. The increased

viscosity caused by the interlacing and conse-

quential internal friction is responsible for the

semisolid state. A gel may consist of twisted

matted strands often wound together by

stronger types of van der Waals forces to form

crystalline and amorphous regions through-

out the system, such as tragacanth and CMC.

Some gel systems are as clear as water,

and others are turbid because the ingredi-

ents may not be completely molecularly dis-

persed (soluble or insoluble), or they may

form aggregates, which disperse light. The

concentration of the gelling agents is mostly

<10"/o, usually in 0.5% to 2.0% range, with

some exceptions.
Gels in which the macromolecules are dis-

tributed so that no apparent boundaries exist

between them and the liquids are called sin-

gle-phasc gels. When the gel mass consists of

floccules of small, distinct particles, the gel is

classified as a two-phase system and frequently

called a magma or a milk. Gels and magmas are

considered colloidal dispersions because they

contain particles of colloidal dimension.

Colloidal Dispersions

Many of the various types of colloidal disper-

sions have been given appropriate names. For

instance, sol is a general term to designate a
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dispersion of a solid substance in a liquid,

solid, or gaseous medium. However, more
often than not, it is used to describe the

solid—liquid dispersion system. To be more

descriptive, a prefix such as hydro- for water

(hydrosol) or alco- for alcohol (alcosol) may be

employed to indicate the dispersion medium.

The term aerosol has similarly been developed

to indicate a dispersion of a solid or a liquid

in a gaseous phase.

Although there is no precise point at

which the size of a particle in a dispersion
can be considered to be colloidal, there is a

generally accepted size range. A substance

is said to be colloidal when its particles fall

between 1 nm and 0.5 pm. Colloidal particles

are usually larger than atoms, ions, or mol-

ecules and, generally, consist of aggregates of

many molecules, although in certain proteins

and organic polymers, single large molecules

may be of colloidal dimension and form col-

loidal dispersions. One difference between

colloidal dispersions and true solutions is the

larger particle size of the disperse phase of

the colloidal dispersion. Another difference

is the optical properties of the two systems.

True solutions do not scatter light and, there-

fore, appear clear, but colloidal dispersions

contain opaque particles that do scatter light

and thus appear turbid. This turbidity is eas-

ily seen, even with dilute preparations, when

the dispersion is observed at right angles to

a beam of light passed through the disper-

sion (Tyndall effect). Although reference is

made here to dilute colloidal dispersions,

most pharmaceutical preparations contain

high concentrations of colloidal particles,

and in these instances, there is no difficulty

in observing turbidity. In fact, certain prepa-

rations are opaque, depending on the con-

centration of the disperse phase. Also, the

particle size of the dispersed phase in some

pharmaceutical preparations is not uniform,

and a preparation may contain particles

within and outside of the colloidal range,

giving the preparation more of an opaque

appearance than if all particles were uni-

formly colloidal.

Particle size is not the only important cri-

terion for establishing the colloidal state. The

nature of the dispersing phase with respect
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electrolytes. Syneresis occurs when the inter-

action between particles of the dispersed

phase becomes so great that on standing,

the dispersing medium is squeezed out in

droplets and the gel shrinks. Syneresis is a

form of instability in aqueous and nonaque-

ous gels. Separation of a solvent phase is

thought to occur because of the elastic con-

traction of the polymeric molecules; in the

swelling process during gel formation, the
macromolecules become stretched, and the

elastic forces increase as swelling proceeds.

At equilibrium, the restoring force of the

macromolecules is balanced by the swelling

forces, determined by the osmotic pressure.

If the osmotic pressure decreases, as on cool-

ing, water may be squeezed out of the gel.

The syneresis of an acidic gel from Plantago

albicans seed gum may be decreased by the

addition of electrolyte, glucose, and sucrose

and by increasing the gum concentration.

pH has a marked effect on the separation

of water. At low pH, marked syneresis

occurs, possibly as a result of suppression

of ionization of the carboxylic acid groups,

loss of hydrating water, and the formation

of intramolecular hydrogen bonds. This
would reduce the attraction of the sol-

vent for the macromolecule. Thixotropy is a

reversible gel—sol formation with no change

in volume or temperature, a type of non-

Newtonian flow. A xerogel is formed when

the liquid is removed from a gel and only

the framework remains. Examples include

gelatin sheets, tragacanth ribbons, and aca-
cia tears.

Classification and Types of Gels

Table 14.4 is a general classification of gels

listing two classification schemes. The first

scheme divides gels into inorganic and

organic. Most inorganic hydrogels are two-

phase systems, such as aluminum hydroxide

gel and bentonite magma. Bentonite has also
been used as an ointment base in about 10%

to 25% concentrations. Most organic gels are

single-phase systems and may include such

gelling agents as carbomer and tragacanth

and those that contain an organic liquid, such
as Plastibase.

The second classification scheme divides

gels into hydrogels and organogels with

some additional subcategories. Hydrogels

include ingredients that are dispersible as

colloidals or soluble in water; they include

organic hydrogels, natural and synthetic

gums, and inorganic hydrogels. Examples

include hydrophilic colloids such as sil-

ica, bentonite, tragacanth, pectin, sodium

GENERAL CLASSIFICATION AND DESCRIPTION OF GELS
CLASS DESCRIPTION

Inorganic Usually two-phase systems

Organic Usually single-phase systems

Hydrogels Organic hydrogels

Natural and synthetic gums

Inorganic hydrogels

Organogels Hydrocarbon type

Animal, vegetable fats

Soap base greases

Hydrophilic organogels
Polar

Nonionic

Page 38 of 64

EXAMPLES

Aluminum hydroxide gel

Bentonite magma

Carbopol

Tragacanth

Pectin paste. tragacanth jelly

Methylcellulose, sodium CMC, Pluronic

Bentonite gel (1 0%—25%), Veegum, silica

Petrolatum, mineral oil/polyethylene gel (Plastibase)

Lard, cocoa butter

Aluminum stearate with heavy mineral oil gel

Carbowax bases (PEG ointment)
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the pharmacist must make the patient or the

guardian aware of this and indicate that this

feature enhances the ability to shake it up
before administration. Furthermore, some

patients do not make the connection that the

medicine should be administered by mouth.

Oral antibiotic suspensions intended to treat

a middle ear infection have been mistakenly

administered directly into the ear by some

patients or guardians. Thus, the pharmacist

should review with the patient the proper

route of administration. Lastly, because these

are reconstituted with purified water, stabil-

ity problems with the drug usually dictate

that it be stored in the refrigerator until it is

consumed. The patient has to be informed of

this. The consumer may overlook a tiny label

directing refrigerator storage. Alternatively,

not all suspensions need to be stored in the

refrigerator, but because of prior experience

with other liquid suspensions that necessi-

tated refrigeration, a patient or guardian may

assume that this is necessary.

Certain suspensions, such as aluminum

hydroxide gel, cholestyramine, and kaolin,

by virtue of their active ingredients interfere

with absorption of other drugs. For example,

cholestyramine has been shown to interfere

with and decrease the bioavailability of war-

farin, digoxin, and thyroid hormones. The

pharmacist should be aware of this and make

recommendations to help avoid this drug

interaction whenever possible. The typical

suggestion is to stagger the administration of

the liquid cholestyramine away from other

drug administration by several hours, and

giving warfarin at least 6 hours after the cho-

lestyramine reportedly avoids the impaired

warfarin bioavailability (9). However, war-

farin undergoes enterohepatic recycling in

the body, and if cholestyramine is present in
the intestine because of earlier administra-

tion, it can bind it and decrease warfarin’s

reabsorption. In this instance, use of one of

the two drugs should be discontinued by

the physician. However, if concurrent use

is necessary, the pharmacist should moni-

tor the patient more frequently for the pos-

sibility of an altered anticoagulant response.

This is important because if adjustments in

warfarin dosage are made on the basis of

cholestyramine interference and then the

cholestyramine is discontinued, the warfarin

dosage also must be decreased according to

the patient’s prothrombin time.

AEROSOLS

Pharmaceutical aerosols are pressurized dos-

age forms that, upon actuation, emit a fine

dispersion of liquid and/or solid materials

containing one or more active ingredients

in a gaseous medium (Physical Pharmacy

Capsule 14.7). Pharmaceutical aerosols are

similar to other dosage forms because they

require the same types of considerations with

respect to formulation, product stability, and

therapeutic efficacy. However, they differ

from most other dosage forms in their depen-

dence upon the function of the container, its

PHYSICAL PHARMACY CAPSULE 14.7

Partial Pressure and Aerosol Formulation

Aerosols generally contain an active drug in a liquid gas propellant, in a mixture of solvents
with a propellant, or in a mixture with other additives and a propellant.The gas propellants can
be formulated to provide desired vapor pressures for enhancing the delivery of the medication
through the valve and actuator in accordance with the purpose of the medication. Aerosols
are used as space sprays, surface sprays, aerated foams. and for oral inhalation.

Various propellants have properties that may be important including molecular weight. boil-

ing point, vapor pressure, liquid density, and flash point. An example of a calculation to deter-

mine the vapor pressure of a certain mixture of hydrocarbon propellants follows.
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Lactose (30-60 ti)

INTAL

}Cromotyn Sodium (2-6 in)

FIGURE 14.11 Relationship of INTAL (cromolyn
sodium, Fisons) particle size to airway penetration.
(Courtesy of Fisons Corporation.)

and alveoli (Fig. 14.11). By contrast, the par-

ticle size for a dermatologic spray intended

for deposition on the skin is coarser and gen-

erally less critical to the therapeutic efficacy

of the product. Some dermatologic aerosols

present the medication in the form of a pow-

der, a wet spray, a stream of liquid (usually
a local anesthetic), or an ointment—lil<e prod-

uct. Other pharmaceutical aerosols include

vaginal and rectal foams.

Aerosols used to provide an airborne

mist are termed space sprays. Room disinfec-

tants, room deodorizers, and space insec-

ticides characterize this group of aerosols.

The particle size of the released product is

generally quite small, usually below 50 pm,

and must be carefully controlled so that the

dispersed droplets or particles remain air-

borne for a long time. A 1—second burst from

a typical aerosol space spray will produce

120 million particles, a substantial number

of which will remain suspended in the air
for an hour.

Aerosols intended to carry the active ingre-

dient to a surface are termed surface sprays or

surface coatings. The dermatologic aerosols

can be placed in this group. Also included are

a great many cosmetic and household aero-

sol products, including personal deodorant

sprays, hair lacquers and sprays, perfumes

and colognes, shaving lathers, toothpaste,

surface pesticide sprays, paint sprays, spray

starch, waxes, polishes, cleaners, and lubri-

cants. A number of veterinary and pet prod-

ucts have been put into aerosol form, as have

such food products as dessert toppings and

food spreads. Some of these products are

sprays; others, foams; and a few, pastes.
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TYPES OF AEROSOLS

Inhalation aerosols, commonly known as
metered-dose inhalers (MDIs), are intended

to produce fine particles or droplets for inha-

lation through the mouth and deposition in

the pulmonary tree. The design of the deliv-

ery system is intended to release measured

quantities and of the appropriate quality of
the active substance with each actuation.

Nasal aerosols, commonly known as nasal

MDIs, produce fine particles or droplets for

delivery through the nasal vestibule and

deposition in the nasal cavity. Each actua-
tion of the valve releases measured mass and

appropriate quality of the active substance.

Lingual aerosols are intended to produce

fine particles or droplets for deposition on the

surface of the tongue. The design of the delivery

system releases one dose with each actuation.

Topical aerosols produce fine particles or
droplets for application to the skin. Topical

aerosol drug products may be designed, as
needed, to deliver a metered amount of for-

mulation upon actuation of the designed
valve or continuous release of formulation

during depressed status of the valve.

Advantages of the Aerosol Dosage
Form

Some features of pharmaceutical aerosols that

may be considered advantages over other

types of dosage forms are as follows:

1. A portion of medication may be easily

withdrawn from the package without con-

tamination or exposure to the remaining
material.

. By virtue of its hermetic character, the aero-

sol container protects medicinal agents

adversely affected by atmospheric oxygen

and moisture. Being opaque, the usual aero-

sol container also protects drugs adversely

affected by light. This protection persists

during the use and the shelf life of the prod-

uct. If the product is packaged under aseptic

conditions, sterility may also be maintained
during the shelf life of the product.

. Topical medication may be applied in a uni-

form thin layer to the skin without anything

else touching the affected area. This method

of application may reduce the irritation that



sometimes accompanies mechanical (finger-

tip) application of topical preparations. The

rapid volatiljzation of the propellant also

provides a cooling, refreshing effect.

. By proper formulation and valve control,

the physical form and the particle size of

the emitted product may be controlled,

which may contribute to the efficacy of a

drug, as with the fine controlled mist of

an inhalant aerosol. Through the use of

metered valves, dosage may be controlled.

. Aerosol application is a clean process,

requiring little or no washup by the user.

The Aerosol Principle

An aerosol formulation consists of two com-

ponent parts: the product concentrate and the

propellant. The product concentrate is the

active ingredient of the aerosol combined

with the required adjuncts, such as antioxi-

dants, surface-active agents, and solvents,

to prepare a stable and efficacious product.

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. In cer-

tain aerosol systems, compressed gases—car-

bon dioxide, nitrogen, and nitrous oxide—are

employed as the propellant.

CHAPTER l4 - DISPERSE SYSTEMS 491

For many years, the liquefied gas propel-

lants most used in aerosol products were the
chlorofluorocarbons (CFCs). However, these

propellants are being phased out and will be

prohibited for nonessential use under federal

regulations following recognition that they
reduce the amount of ozone in the strato-

sphere, which results in an increase in the

amount of ultraviolet radiation reaching the
earth, an increase in the incidence of skin can-

cer, and other adverse environmental effects.

Under the law, the FDA has the authority to

exempt from the prohibition specific prod-

ucts under the agency's jurisdiction when

there is sufficient evidence showing that (a)

there are no technically feasible alternatives

to the use of a CFC propellant in the product,

(b) the product provides a substantial health

or other public benefit unobtainable with-
out the use of the CFC, and (c) the use does

not involve a significant release of CFCs into

the atmosphere, or, if it does, the release is

warranted by the benefit conveyed. A num-

ber of metered—dose pharmaceutical prod-
ucts for oral inhalation have received such

essential use exemptions. Among the CFCS

used as propellants in pharmaceuticals were
dichlorodifluoromethane, dich1orotetrafluo-

roethane, and trichloromonofluoromethane

(Table 14.5).

PHYSICAL PROPERTIES OF SOME FLUORINATED HYDROCARBON

PROPELLANTS

CHEMICAL
CHEMICAL NAME FORMULA

Trichloromonofluoromethane CC|3F 11

CCIZF2 12

CC|F2CClF2 1 14

CCIFZCFS 115

CH3CClF, 142”

CHSCHFZ 152°

CFZCFZCFQCFZ C318

Dichlorodiiluoromethane

Dichlorotetrafluoroethane

Chloropentafluoroethane
Monochlorodifluoromethane

Ditluoroethane

Octatluorocyclobutane

NUMERIO

DESIGNATION PRESSURE‘ 70'F (1 ATM) ‘F

VAPOR BOILING POIN1 LIQUID DENSITY

(GIML) 70°F

13.4 74.7 1.485

13.4 74.1 1.485

21.6 38.4 1.468

17.5 -37.7 1.29

43.8 15.1 1.119

76.4 —1l.2 0.911

40.1 21.1 1.513

°Pounds per square inch absolute. equal to psig + 14.7.
“The numeric designations for fluorinated hydrocarbon propellants were designed in the refrigeration industry to
simplify communications.The numeric designations are arrived at by the following method: (a) The digit at the
extreme right refers to the number or fluorine atoms in the molecule. (23) Ihe second digit irom the right is one
greaterthan the number of hydrogen atoms in the molecule. (c) The third digit from the right is one less than the
number of carbon atoms in the molecule: it this number is zero. it is omitted and a two—diglt number is used. (d)
A capital C before a number indicates the cyclic nature of a compound. (e) The small letters following a number
indicate decreasing symmetry oi isomeric compounds, with ‘b’ indicating less symmetry than ‘a.’ and so lorlh.The
number of chlorine atoms in a molecule may be determined by subtracting the total number of hydrogen and
fluorine atoms from the total number of atoms which may be added to the carbon chain.

Page 49 of 64



492 SECTION VI - LIQUID DOSAGE FORMS

Fluorinated hydrocarbons are gases at

room temperature. They may be liquefied by

cooling below their boiling point or by com-

pression at room temperature. For example,
dichlorodifluoromethane (Freon 12) will

form a liquid when cooled to —30°C (—22°F)

or when compressed to 70 psig (pounds

per square inch gauge) at 21°C (70°F). Both

of these methods for liquefying gases are

employed in aerosol packaging, as discussed
later in this section.

When a liquefied gas propellant or pro-

pellant mixture is sealed within an aerosol

container with the product concentrate, equi-

librium is quickly established between the

portion of propellant that remains liquefied

and that which vaporizes and occupies the

upper portion of the aerosol container (Fig.

14.12). The vapor phase exerts pressure in

all directions—against the walls of the con-

tainer, the valve assembly, and the surface of

the liquid phase, which is composed of the

liquefied gas and the product concentrate.

It is this pressure that, upon actuation of the

aerosol valve, forces the liquid phase up the

dip tube and out of the orifice of the valve

into the atmosphere. As the propellant meets

Iulfil OASKII IIIVENVS
llOll O9 CGKINTIAYI
“GUI! PIGIHANI MIX
IV SEAIINO VALVI "DA
A‘ OIIKI AND 1000011
VICKI DIIM 79490?!

VAPOIIZID
PIGEIANT

VMVI CIOSED

FIGURE 14.12 Cross-section sketches of contents and operation of a typical two-phase aerosol system. (Courtesy of
Armstrong Laboratories, Division of Aerosol Techniques.)
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the air, it expands and evaporates because

of the drop in pressure, leaving the product

concentrate as airborne liquid droplets or

dry particles, depending upon the formula-

tion. As the liquid phase is removed from

the container, equilibrium between the pro-

pellant remaining liquefied and that in the

vapor state is reestablished. Thus, even dur-

ing expulsion of the product from the aerosol

package, the pressure within remains virtu-

ally constant, and the product may be contin-

uously released at an even rate and with the

same propulsion. However, when the liquid

reservoir is depleted, the pressure may not

be maintained, and the gas may be expelled

from the container with diminishing pres-
sure until it is exhausted.

Aerosol Systems

The pressure of an aerosol is critical to its per-

formance. It can be controlled by (u) the type

and amount of propellant and (b) the nature

and amount of product concentrate. Thus,

each formulation is unique unto itself, and a

specific amount of propellant to be employed

in aerosol products cannot be firmly stated,

3 onus IV Action or
-' uvu on wuvt swa
; ALLOWING couavmm -
: uouno novuwu -
. not to u uoocao
: nnouan omcl j. AND mm to onscwuoe
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delivery rate dictate to a large extent the

inner dimensions of the dip tube and

housing for a particular product.

The actuator, stem, housing, and dip tube are

generally made of plastic, the mounting cup

and spring of metal, and the gasket of rubber

or plastic resistant to the formulation.

Metered—Dose Inhalers

Metering valves are employed when the for-

mulation is a potent medication, as in inha-

lation therapy (Fig. 14.14). In these metered

valve systems, the amount of material dis-

charged is regulated by an auxiliary valve

chamber by virtue of its capacity or dimen-

sions. A single depression of the actua-
tor causes evacuation of this chamber and

delivery of its contents. The integrity of the

chamber is controlled by a dual valve mech-
anism. When the actuator valve is closed,

FIGURE 14.14 Metered—dose inhaler. Each metered

dose is delivered through the mouthpiece upon actua-
tion of the aerosol unit's valve. (Courtesy of Boehringer
lngelheim.)
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the chamber is sealed from the atmosphere.

However, in this position, the chamber is

permitted to fill with the contents of the con-

tainer, to which it is open. Depression of the
actuator causes a simultaneous reversal of

positions; the chamber becomes open to the

atmosphere, releasing its contents, at the same

time becoming sealed from the contents of the

container. Upon release of the actuator, the

system is restored for the next dose. The USP

contains a test to determine quantitatively the
amount of medication from a metered valve.

As noted previously, the effectiveness of

delivering medication to the lower reaches of

the lungs for local or systemic effects depends

in part on the particle size of the inhaled drug.

Breathing patterns and the depth of respira-

tion also play important roles in the deposi-

tion of inhaled aerosols to the lungs. Analysis

of dose uniformity (lfl), particle size distribu-

tion patterns (12-14), and the respirable frac-

tions of aerosol-delivered particles (15,16) are

areas of research in developing aerosol prod-

ucts for optimal oral inhalation therapy.

A unique translingual aerosol formula-

tion of nitroglycerin (Nitrolingual Spray,

Rhone-Poulenc Rorer) permits a patient to

spray droplets of nitroglycerin onto or under

the tongue for acute relief of an attack or

for prophylaxis of angina pectoris due to

coronary artery disease. The product is not
to be inhaled. At the onset of an attack, two

metered spray emissions, each containing

0.4 mg of nitroglycerin, are administered.

The product contains 200 doses of nitroglyc-

erin in a propellant mixture of dichlorodiflu-
oromethane and dichlorotetrafluoroethane.

Filling Operations

As explained earlier, fluorinated hydrocar-

bon gases may be liquefied by cooling below

their boiling point or by compressing the gas

at room temperature. These two features are

used in the filling of aerosol containers with

propellant.

Cold Filling

In the cold method, both the product con-

centrate and the propellant must be cooled

to —34.5°C to —40°C (—30°F to 40°F). This
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EXAMPLES OF INHALATION AEROSOLS
AEROSOL

Albuterol

Beclomethasone

dipropionate

Cromolyn sodium

lpratropium bromide

Metaproterenol sulfate

Salmeterol xinafoate

REPRESENTATIVE COMMERCIAL
PRODUCTS

Proventil inhalation

Aerosol (Key)
Ventolln Inhalation Aerosol

(GlaxoSmithKline)
Beclovent Inhalation

Aerosol (Glaxo Wellcome)
Vanceril Inhaler (Schering)

Beconase Nasal Inhaler

(G|axoSmithKline)
Voncenase Pockethaler

Nasal inhaler (Schering)

lntal Inhaler (King)

Atrovent inhalation Aerosol

(Boehrlnger lngelhelm)

Alupent Inhalation Aerosol
(Boehrlnger lngelhelm)

Serevent Inhalation Aerosol

CATEGORY AND COMMENTS

Beta—adrenergic agonist for prevention and
relief of bronchospasm in patients with
reversible obstructive airway disease and for
relief of exerciseinduced bronchospasm

Adrenocortical steroid; aerosol for oral
inhalation to control bronchial asthma

in patients requiring chronic treatment
with corticosteroids plus other therapy, for
example, xanthlnes, sympathomimetics

Adrenocortical steroid; aerosol for intranasal

relief of seasonal or perennial rhinitis in cases
poorly responsive to conventional treatment

Antiasthmatic, antiallergic, mast cell
stabilizer; metered close for oral use to

prevent exercise-induced bronchospasm.
acute bronchospasm induced by
environmental pollutants and known
allergens

Anticholinergic (parasympatholytic)
bronchodllator for bronchospasm

Sympathomimetic for bronchospasm in
patients with reversible obstructive airway
disease

Beta-adrenergic agonist for long-term
(GlaxoSmithKline)

Terbutallne sulfate Brethine (AAIPharma)

Triamcinolone aoelonide Azmacort (Kos)

administration, because these are only effec-

tive when properly used. To complement

verbal instructions, the pharmacist should

provide the patient with the written instruc-

tions in the product package. It is difficult

to predict what percentage of patients will

read or understand the printed instruction.

Thus, the pharmacist must verbally trans-

mit instruction for proper use. Using the

oral metered aerosols as a model, the phar-
macist should demonstrate how the inhaler

is assembled, stored, and cleaned. The

patient should be told whether the inhaler
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maintenance treatment of asthma,

prevention of bronchospasm In patients with
reversible obstructive airway disease

Beta-adrenergic agonist for relief of
bronchospasm

For patients who require chronic treatment
with corticosteroids to control symptoms of
bronchial asthma

requires shaking before use and how to

hold it between the index finger and thumb

so that the aerosol canister is upside down.

The patient should understand that coordi-
nation must be achieved between inhalation

(after exhaling as completely as possible)

and pressing down the inhaler to release

one dose. The patient should be instructed
to hold the breath for several seconds or as

long as possible to gain the maximum benefit
from the medication, then remove the inhaler

from the mouth, and exhale slowly through

pursed lips.
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emulsions resembling light creams. They are

water miscible and nongreasy.
Some commercial rectal foams use insert-

ers. One such product, Proctofoam (Alaven

Pharmaceuticals), contains pramoxine hyd ro-

chloride to relieve inflammatory anorectal

disorders (Fig. 14.18).

FOAMS

A foam is an emulsion dosage form con-

taining dispersed gas bubbles. When dis-

pensed, it has a fluffy, semisolid consistency.

Medicated foams are emulsions containing

a dispersed phase of gas bubbles in a liquid

continuous phase containing the active phar-

maceutical ingredient. Medicated foams are

packaged in pressurized containers or spe-

cial dispensing devices and are intended

for application to the skin or mucous mem-
branes. The medicated foam is formed at

the time of application. Surfactants are

used to ensure the dispersion of the gas

and the two phases. Medicated foams have

a fluffy, semisolid consistency and can be

formulated to break to a liquid quickly

or to remain as foam to ensure prolonged
contact. Medicated foams intended to treat

severely injured skin or open wounds must
be sterile.

PREPARATION OF FOAMS

A foam may contain one or more active phar-

maceutical ingredients, surfactants, aqueous

or nonaqueous liquids, and propellants. If

the propellant is in the internal, or discon-

tinuous, phase, a stable foam is discharged.

If the propellant is in the external, or continu-

ous, phase, a spray or a quick—breaking foam

is discharged. Quick-breaking foams formu-

lated with alcohol create a cooling sensation

when applied to the skin and may have dis-

infectant properties.

Foams containing flammable components

should be appropriately labeled. Labeling

indicates that a foam drug product must be
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NDC 0091--I750-20
STORE UPRIGHT

proctofoam""- ;- ..
‘_ (pramoxlne hydrochloride 1%)

hemorrhoidal foam

' For temporary
. relief of

I hemorrhoidal

_ pain and itching

1 For External Use Only

SCHWARZ
PHARMA

15 g netwt (0.!
3

. 3'17..
J

FIGURE 14.18 Foam for anal and perianal use. To fill
the applicator, the foam container is shaken vigorously
and held upright, and the applicator tip placed on the
container opening. With the plunger of the applicator
drawn out all the way, pressure is exerted on the con-
tainer cap, and foam fills the applicator tube. (Courtesy
of Reed 8: Carnrick.)

shaken well to ensure uniformity prior to

dispensing. The instructions for use must

clearly note special precautions that are nec-

essary to preserve sterility. In the absence of

a metering valve, the delivered volume may
be variable.
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CLINICAL CASE STUDY CONT.

7. Because trichomorzal vagirzitis is an
STD, M.H. must be educated to

take certain precautions to pre-
vent transmission and reinfec-

tion of herself. During treatment,
M.H. should refrain from sexual

intercourse. The importance of

practicing safe sex (e.g., condom

use) should be emphasized to

prevent contracting STDs and

other serious infections (e.g., HIV,

hepatitis). In addition, M.H.’s

sexual partner should be treated

with metronidazole. Although he

may be asymptomatic, there is

an elevated risk that he is carrying

the trichomonas organism and

infecting M.H. during inter-

course. Thus, with this prescrip-

tion, her partner may or may not

be treated. If the latter, it is impor-

tant that the pharmacist tells M.H.
not to share her medication with

her sexual partner. She is to take

a full course of therapy. If there is

a primary treatment failure, it is

likely that the male sexual partner

will also be treated during the sec-

ond course of therapy. Emphasis

will be put on the importance of

M.l-I. completing the full course

of metronidazole therapy to pre-

vent resistance, emergence, and
recurrent infections.

APPLYING THE PRINCIPLES AND CONCEPTS

Group Activities

1.

. Obtain

Discuss specific patient circumstances and

therapeutic circumstances where particu-

lar liquid disperse system dosage forms
would be indicated or contraindicated for
use.

. Describe the three phases of a stable
emulsion.

. Identify and describe three methods for

emulsion preparation.

representative extemporaneous

prescriptions, which result in a suspension

or emulsion dosage form, and devise a

procedure to compound each prescription.

. Create a table of representative oral 0/w

products inclusive of active and inactive

ingredients, indications and contraindica-
tions for their use, adverse effects associ-

ated with their use, dosage, and patient
information.
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6. Create a table of representative topical

w/o and 0/w products inclusive of active

and inactive ingredients, indications and
contraindications for their use, adverse

effects associated with use, dosage, and

patient information.

Create a table of topical gel products,

which are also available as topical creams
and ointments, and describe differences,

which exist between the dosage forms.

Role—play proper counseling points a

pharmacist should make when dispensing

a liquid disperse system to a patient.

Individual Activities

1.
Identify three desired features in a suspen-

sion, and explain how these benefit patient
administration.

. Explain the role of suspending agents

when added to a dispersion medium.
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APPLYING THE PRINCIPLES AND CONCEPTS (CONT.)

3. Compare and contrast the various sus-

pending agents used in suspension

dosage forms. Determine additional pro-

cesses/ techniques, which allow a drug to

be more effectively penetrated by a given
vehicle.

. Differentiate the terms ”for Oral Sus-

pension” and "Oral Suspension,” and

create a table illustrating three product

examples of each.

.List advantages of emulsifying a liq-

uid drug over pure liquid drug for oral
administration.

Describe the chain of events that occur

after aggregation or coalescence of an
emulsion.
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