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CHAPTER 89 

Ophthalmic Preparations 

Gerald Hecht, PhD 
Senior Director, Pharmaceutical Sciences 
Alcoa Laboratories 
Fort Wonh, TX 76101 

Ophthalmic preparations are sterile products essentially 
free from foreign particles, suitably compounded and pack- 
aged for instillation into the eye. Ophthalmic preparations 
include solutions, suspensions,-"ointments and solid dosage 
forms. . The solutions and Suspensions are, for the most part, 
aqueous. Ophthalmic ointments usually contain awhite pet- 
rolatum-mineral oil base. 

Ophthalmic preparations can be grouped broadly into two 
divisions of major significance to the pharmacist These 111- 
clude single or multidose prescription products and the cat- 
egory described as. OTC o r  over-the-counter ophthalmic 
products The latter group has been subjected to a searching 
review and analysis by a body of experts as a part of the FDA's 
OTC Drug Review process. 

The single dominant factor characteristic of all ophthalmic 
products is the specification of sterility. Any product in- 
tended for use in the eye regardless of form, substance or 
intent must be sterile. This requirement increases the simi- 
larity between ophthalmic and parenteral proddcts, however 
the physiology of the human eye in many respects imposes 
more rigid formulation requirements. This will be consid- 
ered 1n the following discussion. 

Preparations intended for the treatment of eye disorders 
can be traced to antiquity Egyptian papyri writings describe 
eye medications. The Greeks and Romans expanded such 
uses and gave us the tenn-colly’n'a. Collyria refer collec- 
tively to materials which were dissolved in water, milk or egg 
white for use as eyedrops. In the Middle Ages collyria in— 
cluded mydriatic substances to dilate the pupils of milady' 5 
eyes for cosmetic purposes, thus the term belladonna or “beau- 
tiful lady.” ' 

From the time of belladonna collyria, ophthalmic technol- 
ogy progressed at a pharmaceutical snail’s pace well into 
modern times. It was not until after the second World War 
that the concept of sterility became mandatory for ophthalmic 
solutions. Prior to World War II and continuing into the 
19405 very few ophthalmic preparations were available com- 
mercially or were described oflicially. The USP XIV, official 
in 1950, included only three ophthalmic preparations and all 
three were ointments. 

Preparations to be u s e d ”  1n the eye, either solutions or oint- 
ments, invariably were compounded in the community or 
hospital pharmacy and were intended for immediate (prescrip- 
tion) use. Such preparation and prompt use is reflected in 
the pharmaceutical literature of the times. The stability of 
ophthalmic preparations is discussed' 1n terms of days or a few 
months. - 

One of the most important attributes of ophthalmic prod- 
ucts is the requirement of sterilityu Even that, however, is a 
surprisingly recent event. The USP XV in 1955 was the first 
official compendium to include a sterility requirement for 
ophthalmic solutions. The FDA in 1953 adopted the posi- 
tion that a nonsterile ophthalmic solution was adulterated. 
Sterile ophthalmic products were, of course, available prior to 
the mid 19505, however the legal requirement of sterility 
dates only from 1955. 

The sterility requirements for ophthalmic ointments ap- 
peared first in the USP XVIII _ 777.d Supplement (1972). 
Prior to that date there was no legal requirement for a sterile 

ophthalmic ointment. This probably was due to the difficulty 
(at that time) of testing for sterility' 1n such nonaqueous sys- 
tems and also for  the anticipated difficulties in sterilizing and 
maintaining sterile conditions during the manufacture and 
filling of ointments on a large scale. 

1. 

Anatomy and Physiology of the Eye - 

The human eye is a challenging subject for topical adminis- 
tration of drugs. The basis of this can be found in the anatomi- 
cal arrangement of the surface tissues and 111 the permeability 
of the cornea The protective operation of the eyelids and 
lacrimal system rs such that there is rapid removal of material 
instilled into the eye, unless the material IS suitably small 1n 
volume and chemically and physiologically compatible with 
surface tissues. Figures 11 and 21 include pertinent anatomy 
of the human eye. ' 

Eyelids—The eyelids serve two purposes: mechanical 
protection of the globe and creation of an optimum milieu for 
the cornea. The eyelids are lubricated and kept fluid-filled by 
secretions of the lacrimal glands and specialized cells residing 
in the bulbar conjunctiva. The antechamber has the shape of 
a narrow cleft directly over the front of the eyeball, with 
pocket-like extensions upward and downward; The pockets 
are called the superior and inferior fornices (vaults), and the 
entire space, the cul-de-sac. The elliptical opening between 
the eyelids 15 called the palpebral fissure ' 

Eyeball—The wall of the human eyeball (bulbus, globe) 1s 
composed of three concentric layers. 

1. The outer fibrous layer. 
2. A middle vascular layer—the uvea or uveal tract, consisting of the 

choroid, the ciliary body and the iris. . 
3. A nervous layer—the retina. 

The outer layer is tough, pliable but only slightly stretchable. 
In'its front portion—~theportion facing the outside world—— 
the fine structure of the outer layer is so regular and the water 
content so carefully adjusted that it acts as a clear transparent 
window (the cornea). It is devoid of blood vessels. over 
the remaining two-thirds the fibrous coat is opaque (the 
“white” of the eye) and is called the sclera. It contains the 
microcirculation which nourishes the tissues of this anterior 
segment and is usually white except when irritated and vessel 
dilatation occurs. 

The eyeball houses an optical apparatus that causes in- 
verted reduced images of the outsideworld to form on the 
retina, which is a thin translucent membrane. The optical 
apparatus consists, in sequence, of the precorneal film, the 
cornea, the aqueous humor, the pupil, the crystalline lens, the 
vitreous humor and the retina. The aqueous and vitreous 
humors are layers of clear fluid or gel-like material interposed 
between the solid structures. The pupil, a round centric hole 
in a contractile membranous partition (called the iris), acts as 
the variable'aperture of the system. The crystalline lens is a 
refractive element with variable power controlled and sup- 
ported by a muscle incorporated in the ciliary body. The 
choroid is the metabolic support for the retina. 

The optical function of the eye calls for stability of its 
dimensions, which is provided partly by the fibrous outer coat; 
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Fig1. The eye: vertical section“ 

more effective as a stabilizing factor is the intraocular pres- 
sure,.which is in excess of the pressure prevailing in the 
surrounding tissues. This intraocular pressure is the result 
of a steady'production of specific fluid, the aqueous humor, 
which originates from the ciliary processes and leaves the eye 
by an intricate system of outflow channels. The resistance 

LACRIMAL GLAND 

NASAL ' 
EXCRETOR‘r DUCTS SEPTUM 

(LACRIMAL Pucm‘ 

INFERIOR CONCHA 

' Fig 2. Nasolacrimalduct;1 

encountered during this passage and the rate of aqueous 
production are the principal factors determining the level of 
the intraocular pressure. In addition to this hydromechani- 
cal function, the aqueous humor acts as a carrier of nutrients, 
substrates and metabolites 'for the avascular tissues of'the eye. 

The bones of the skull join to  form an approximately pyra- 
' mid-shaped housing for the eyeball, called the orbit. 

Conjunctiva—The conjunctiva] membrane covers the 
outer surface of the white portion of the eye and the inner 
aspect of the eyelids. In most places it is attached loosely 
and thereby permits free movement or the eyeball. This 
makes possible subconjunctival injections. ExCept for the 
cornea the conjunctiva is the most exposed portion of the eye. 

Lacrimal System—The conjunctival and corneal surfaces 
are covered and lubricated by a film of fluid secreted by the 
conjunctival and lacrimal glands. The secretion of the lacri- 
mal gland, the tears, is delivered through a number of fine 
ducts into the conjunctival fornix.‘ The secretion is a clear, 
watery fluid containing numerous salts, glucose, other organic 
compounds, approximately 0.7% protein and the enzyme, 
lysozyme. Small accessory lacrimal glands are situated in 
the conjunctival fornices. Their secretion suflices for lubrica- 
tion and cleansing under ordinary conditions and for maintain- 
ing a thin fluid film covering the cornea and conjunctiva (the 
precomeal film). The mucin—protein layer of the film is espe- 
cially important in maintaining the stability of the film. The 
main lacrimal gland- is called into play only on special 
occasions. The sebaceous glands of the eyelids secrete an 
oily fluid which helps to prevent overflowing of tears at the lid 
margin and reduces evaporation from the exposed surfaces of 
the eye by spreading over the tear film 

Spontaneous blinking replenishes the fluid film by pushing a 
thin layer of fluid ahead of the lid margins as they come 
together. The excess fluid is directed into the lacrimal 
lake—a small triangular area lying in the angle bound by the 
innermost portions of the lids. The skin of the eyelids is the 
thinnest in the body and folds easily, thus permitting rapid 
opening and closing of the palpebral fissures. The move- 
ment of the eyelids includes a narrowing of .the palpebral 
fissures in a zipper-like aetion from the lateral canthustoward 
the medial canthus (canthi: the corners where the eyelids 
meet). This aids the transport or movement of fluid toward 
the lacrimal lake 

Tears are drained from the lacrimal lake by two small 
tubes—the lacrimal canaliculi—which lead into the upper 
part of the nasolacrimal duct, the roomy beginning of which is 
called the lacrimal sac. The drainage of tears into the nose 
does not depend merely on gravity. Fluid enters and passes 
along the lacrimal canaliculi by capillary attraction aided by 
aspiration caused by contraction of muscle embedded in the 
eyelids. ‘.When the lids close, as in blinking, contraction of 
the muscle causes dilatation of the upper part of the lacrimal 
sac and compression of its lower portion. . Tears are thus 
aspirated into the sac, and any whichhave collected in its 
lower part are forced down the nasolacrimalduct toward its 
opening into .the nose. As the lids open, the muscle relaxes. 
The upper part of the sac then collapses and forces fluid into 
the lower part, which at the same time is released from 
compression. Thus, the act of blinking exerts a suction-force- 
pump action in removing tears from the lacrimal lake and 
emptying them into the nasal cavity. Lacrimation is induced 
reflexly by stimulation of nerve endings of the cornea or 
conjunctiva. - The reflex is abolished by anesthetization of the 
surface of the eye and by disorders affecting its nerve compo- 
nents 

The normal cul- de- -sac usually rs free of pathogenic organ- 
isms and often found sterile. The sterility may be due partly 
to the action of lysozyme in the tears, which normally destroys 
saprophytic organisms but has little action against pathogens. 
More eiTective in producing sterility may be the fact that the 
secretions, which are normally sterile as they leave the glands, 
constantly wash the bacteria, dust, etc, down in the nose. . In 
certain diseases the lacrimal gland, like other glandular struc- 
tures in the body, undergoes involution, with the result that 
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the lacrimal fluid becomes scanty. Furthermore, changes in 
the conjunctival glands may- lead to alteration in the character 
of the secretion so that quality as well as quantity of tears may 
be abnormal. This may lead to symptoms of dryness, burn- 
ing and general discomfort, and may interfere with visual 
acuity. 

Precorneal Film—The cornea must be wet to be an opti- 
cally adequate surface ,when dry, it loses both its regular gloss 
and its transparency. The precomeai film, part of the tear 
fluid, provides this important moist surface. Its character 
depends on the condition of the corneal epithelium. The 
film, compatible with both aqueous and lipid ophthalmic prepa- 
rations, is composed of a thin outer lipid layer, a thicker 
middle aqueous layer and a thin inner mucoid layer. It is 
renewed during each blink and when blinking is suppressed, 
either by drugs or by mechanical means, it dries in patches. 
It seems to be unaffected by the addition of concentrations of 
up to 2% sodium chloride to conjunctival fluid. A pH below 4 
or above 9 causes derangement of the film. The film affects 
the movement of contact lenses and forms more easily on 
glass than on plastic prostheSes. ' 

Cornea—The cornea, from 0. 5 to 1 mm thick, consists 
mainly of the following structures (from the front backwards): 

1. Corneal epithelium ' 
2. Substantia propria (stroma). . . 
3. Corneal endothelium. ' , 

The cornea is transparent to ordinary diffuse light, largely 
because of a special laminar arrangement of the cells and 
fibers and because of the absence of blood vessels. 
Cloudiness of the cornea may be due to any one of several 
factors including excess pressure in the eyeball as in glau- 
coma; scar tissue due to  injury, infection or deficiency of 
oxygen or excess hydration such as may occur'during the 
wearing of improperly fitted contact lenses. A wound of the 
cornea usually heals as an opaque patch which can. be a 
permanent impairment of vision unless it is located in the 
periphery of the cornea. 

The chief refraction of light for. the eye occurs at the outer 
surface of the cornea where the index of refraction changes 
from that of air (1.00) to that of precorneal substance (1.38); 
Any alteration in its shape or transparency interferes with the 
formation of a clear image; therefore, any pathological pro- 
cess,- however slight, may interfere seriously with the resolv- 
ing power or visual acuity of the eye. 

The normal cornea possesses no blood vessels except at the 
comeoscleral junction. The cornea, therefore, must derive 
its nutrition by diffusion and must have certain permeability 
characteristics; it also receives nourishmentfrom the fluid 
circulating through the chambers of the eye and from the air. 
The fact that the normal cornea isdevoid of blood vessels is an 
important feature in surgical grafting. The corneal nerves do 
not supply all forms of sensation to the cornea. Pain and 
cold are well supplied. The pain fibers have avery low thresh- 
old, which makes the comea one of the most sensitive areas on 
the surface of the body. It now is agreed generally that the 
cornea possesses atrue sense of touch; nerve endings supply- 
ing the sensation of heat are lacking - 

The corneal epithelium provides an efficient barrier against 
bacterial invasion. Unless its continuity has been broken by 
an abrasion (a traumatic opening or defect in the epithelium) 
pathogenic bacteria, as a rule, cannot gain a foothold. 
Trauma, therefore, plays an important part in most of the 
infectious diseases of the cornea which occur exogenously. 
Any foreign body that either scratches the cornea or lodges 
and becomes irnbedded in the cornea is of serious moment 
because of the role it may play in permitting pathogenic 
bacteria to gain a foothold. 

A means of detecting abrasions on the corneal surface is 
afforded by staining the cornea with sodium fluorescein. If 
there is an abrasion on the epithelium, the underlying layer 
stains a brilliant green, so  that even pinpoint abrasions show 
up quite clearly. Abrasion may occur during tonometry, that 
is, during the measurement of ocular tension (pressure) with a 
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tonometer. Care must be used in applying the device to the 
cornea to avoid abrasion of the cornea Corneal abrasions 
sometimes result from wearing contact lenses. Every cor- 
neal abrasion' is subject to infection._ . - - . 

Bioavailability . . - .. .. ‘- 
‘ 3 '  . l '  _ .1. 

- Physical Consideration—Under normal conditions the 
human tear volume averages about 7 11L} The'estimated 
maximum volume of the cul-de-sac is about‘BO 11L with drain- 
age capacity far exceeding lacrimation rate. The outflow 
capacity accommodates the sudden large volume resulting 
from the instillation of an eyedrop.- Most commercial eye- 
drops range from 50 to 75 11L in volume, however, much '  in 
excess of 50 11L probably is unable to enter the cul-de-sac. 

.Within the rabbit 'cul-de-sac, the drainage rate has been 
shown to be proportional to the instilled drop volume: 
Multiple drops administered at intervals produced higher drug 
concentrations. Ideally, a high concentration of drug in a 
minimum drop volume is desirable. Patton3 has shown that 
approximately equal tear-film concentrations result from the 
instillation of 5 1.1L of 1.61 ><v10'2 M pilocarpine nitrate or 
from 25 11L of 1.0 x 10 2Msolution. The 5 1.1L contains only 
38% as much pilocarpine, yet its bioavailability is greater due 
to decreased drainage less. 

There is a practical limit or  limits to the concept of mini- 
mum dosage volume. There is a difficulty in designing and 
producing a dropper configuration which will deliver small 
volumes reproducibly. Also, the patient often cannot detect 
the administration of such a Small'volume. This sensation or 
lack of sensation is particularly apparent at the 5. 0—7. 5-1111 
dose-volume range. , ' . 

The concept of dosage-volume drainage and cul— de-sac ca- 
pacity directly efl°ects the prescribing and administering of 
separate ophthalmic preparations. The first drug adminis- 
tered may be diluted significantly by the administration of the 
second. On this basis combination drug products for use in 
ophthalmology have considerable merit. 

Corneal Absorption Drugs administered by instilla- 
tion" must penetrate the eye and do so primarily through the 
cornea. Corneal absorption is much more effective than 
scleral or coniunctival absorption where rembval by blood 
vessels into the general circulation occurs. 

Many ophthalmic drugs are weak bases and are applied to  
the eye as aqueous solutions of their salts. The free base and 
the salt will be in an equilibrium which will depend on the pH 
andon the individual characteristics of the drug molecule. 
To aid in maintaining storage stability and solubility, the medi- 
cation may be acidic at the moment of instillation but, usually, 
the neutralizing action of the lacrimal fluid will convert it 
rapidly to the physiological pH range (approximately pH 7.4), 
at which there will be enough free base present to begin 
penetration of the corneal epithelium. Once inside the epi- 
thelium the undissociated free base dissociates immediately 
to adegree. The dissociated moiety then will tend to pen- 
etrate the stroma because it is water-soluble. At thejunction 
of the stroma and 'endothelium the same process that took 
place at the outer surface of the epithelium must occur again. 
Finally, the dissociated drug leaves the endothelium for the 
aqueous humor. Here it can readily diffuse to the iris and the 
ciliary body, the site of its pharmacological actidn. ' ‘ ‘ 

The' cornea can be penetrated by 10115 to a small, but measur- 
able, degree. Under comparable conditions, the permeabili- 
ties are similar for all ions of small molecular _weight, which 
suggests that the passage is through extracellular spaces. 
The diameter of the largest particles which can ass across the 
cellular layers seems to be in the range 10—25 An instilled 
drug is subject to protein binding in the tear fluid and meta- 

. bolic degradation by enzymes such as lysozyme, in addition to 
the losses by simple overflow and lacrimal drainage. 

Since the cornea' is a membrane including both hydrophilic 
and lipophilic layers, most effective penetration is obtained 
with drugs having both lipid and hydrophilic properties. 
Highly water soluble drugs penetrate less readily. As an 
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example highly water soluble steroid phosphate esters pen- 
etrate the cornea poorly: ' Better penetration is achieved with 
the poorly soluble'but more lipophilic steroid alcohol; still 
greater absorption is seen with the steroid acetate form. 

In 1976 Lee and Robinson“ and in 1990, Lee5 presented‘a 
summary of the factors controlling precomeal‘ 'pildcarpin'e 
disposition and pilocarpine bioavailability in the rabbit eye. 
Combining experimental work and. computer simulation the 
investigators discussed the mechanisms competing with cor- 
neal absorption of pilocarpine. Included were solution drain- 
agé,‘ drug-induced vasodilation, nonconjunctival loss includ- 
ing uptake by the ~nictitating membrane, coniunctival 
absorption, induced lacrirnation and normal tear turnover. 
Subject to experimental conditions the relative effectiveness 
of the factors involved in precomeal drug removal are drain- 
age : vasodilation > nonconjunctival. loss > induced lacri- 
mation = conjunctival absorption .> normal tear turnover. 

The authors discuss the implications of the mechanisms of 
precomeal drug loss in the design of ocular drug—delivery 
systems including the effect of instilled drug volume on aque- 
ous humor concentration and the amount of drug available for 
systemic absorption. On an absolute basis a smaller volume 
allows more drug to be absorbed. For a given instilled con- 
centration the opposite is true; however, a smaller volume 
instilled remains more efiiéient, ie, the fraction of dose ab- 
sorbed is greater. Lang6 discusses the transcomeal route of 
absorption of a drug into the eye as that route most effective in 
bringing a given drug to the anterior portion of the eye. 
This route of absorption is enhanced by the waterglipid gradi- 
ent found in the cornea. As previously mentioned, the cor- 
nea is composed of three general layers: the lipid-rich epithe- 
lium, the lipid—poor stroma and the lipid-rich endothelium. 
Differential studies on the relative lipid contents of these three 
layers have shown that the corneal epithelium and the corneal 
endotheliumboth contain approximately 100 times as much 
lipid as the corneal stroma. This, coupledwith the physiologi- 
cal pH of 7.2 1.0.2 and its effect on ionizable drug molecules 
plays the most significantrole in corneal penetration. 
. Ophthalmic ointments generally produce greater bioavail- 

ability than the equivalent aqueous solution. Because of the 
greater contact time drug levels are prolonged and total drug 
absorption is increased. 

Types of Ophthalmic Products 

Administration—The instillation of eyedrops remains one 
of the less precise, yet one of the more accepted means of 
topical drug delivery. The method of administration is cum- 
bersome at best, particularly for the elderly, patients with 
poor vision who have difficulty seeing without eyeglasses and 
patients with other physical handicaps Perhaps, surpris- 
ingly, the majority of patients become quite adept at routine 
instillation. ~ 

The pharmacist should advise each patient to keep the 
following points in mind to aid '  in the instillation of eyedrops 
or ointments: 

' How to Use Eyedrops‘ 

1 Wash hands 
2. “nth one hand, gently pull lower eyelid down. 

. 3. If dropper: is separate, squeeze rubber bulb once while dropper is in 
bottle to bring liquid into dropper. 

4.  Holding dropper above eye. drop medicine inside lower lid while 
looking up; do net touch dropper to eye o r  fingers. 

5. Release lower lid Try to keep eye open and not blink for at least 30 
seconds. 

6.  If dropper '  is separate, replace on bottle and tighten cap. 
0 if dropper'  is separate, always hold it  with tip down. - 
0 Never touch dropper to any surface. 
0 Never rinse dropper. 
I When dropper '  is at top of bottle, avoid contaminating cap when 

removed. 
' I When dropper is a permanent fixture on the bottle, ie, when 

supplied by a. pharmaceutical manufacuirer to the pharmacist, the. same 
rules apply to avoid contamination. ' 

. 0 Never use eye drops that have changed color. ' ’ ‘ 
. 0 Ifyou have more than one bottle of the same kind of drops, open 

only one bottle at a time . 
0 If you are using more than one kind of drop at the same time, wait 

several minutes before use of other drops. 
0 It may be helpful in use of the medicine to practice use by 

positioning yourself‘ i n  front of a mirror. 
0 After instillation of drops, do not close eyes tightly and try not to 

blink more often than usual, as this removes the medicine from the place 
on the eye where it will be effective. : -' 

How to .Use Ophthalmic Ointments 

Wash hands. 
Remove cap from tube. . 
With one hand, gently pull lower eyelid down. ' 
While looking up,  squeeze a small amount of ointment (about ‘A to 

1,3 in) inside lower lid. Be careful not to touch tip of tube to eye, eyelid, 
fingers, etc. 
' 5 Close eye gently and roll eyeball' in all directions while eye is closed 
Temporary blurring may occur. 

6. The closed eyelid may be rubbed very gently by a finger to distribute 
the drug throughout the fomix. 

7. Replace cap on tube ' 
' 0 Take care to avoid contaminating cap when removed. 

0 When opening ointment tube for the first time, squeeze out the 
first 1/4” of ointment and discard as it may be too dry. 

0 Never touch tip of tube to any surface. ' 
D If you have more than one tube of the same ointment, open only 

One at a time. 
o If you are using more than one kind of ointment at the same time, 

wait about 1 0 minutes before use of another ointment. 
0 To improve flow of ointment, hold tube in hand several minutes to 

warm before use. 
0 It may be helpful in use of the ointment to practice use by position- 

ing yourselfin front of a mirror. , . 

15
93
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Ophthalmic Solutions—This is by far the most common 
means of administering a drug to the eye. The USP describes 
59 ophthalmic solutions. By definition, all ingredients are 
completely in solution, uniformity is not a problem and there 
is little physical interference with vision. The principal disad- 
vantage of-‘ solutions is the relatively brief contact time'be- 
tween the medication and absorbing surfaces. Contact time 
may be increased to some extent by the inclusion of aviscosity 
increasing agent such as methylcellulose. . Inclusions of this 
sort are permitted by the USP. Aviscosity' in the range of 15 
to 25  cps is considered optimum for drug retention and visual 
comfort. 

Ophthalmic Suspensions—Suspensions are dispersions 
of finely divided, relatively insoluble drug substances in an 
aqueous vehicle containing suitable suspending and dispers- 
ing agents. There are 29 listed in the USP. The vehicle is, 
among other things, a saturated solution of the drug substance. 
Because of a tendency of particles to be retained in’the cul-de- 
sac, the contact time and duration of action of a suspension 
probably exceeds that of a solution. The drug is absorbed 
from solution and the solution concentration is replenished 
from retained particles. Each of these actions is a function 
of particle size, with solubility rate being favored by smaller 
size and retention favored by a larger size; thus, optimum 
activity should result from an optimum particle size. 

For aqueous suspensions the parameters of intrinsic solubil- 
ity and dissolution rate must be considered. The intrinsic 
Solubility determines the ambunt of drug actually in solution 
and available for immediate'absorption' upon instillation of the 
dose. As the intrinsic solubility of the drug increases, the 
concentration of the drug in the saturated solution surround- 
ing the suspended drug particle also' increases For this rea— 
son, any comparison of different drugs“ in su'spension systems 
should include their relative intrinsic solubilities. The ob- 
served differences in their biological activities may be 'as— 
cribed wholly or in part to the differences in this physical 
parameter; As the drug penetrates the cornea and the initial 
saturated solution becomes depleted, the particles must dis- 
solve to provide a further supply of the drug. The require- 
ment here is that the particles must undergo significant disso-‘ 
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Iution within the residence time of the dose '  in the eye if any 
benefit is to be gained from their presence in the dosing 
system. - 

For a drug whose dissolution rate is rapid, the dissolution 
requirement may present few problems, but for a slowly soluble 
substance the dissolution rate becomes critical. If the disso- 
lution rate is not suficiently rapid to supply significant addi- 
tional dissolved drug, there is the possibility that the slowly 
soluble substance in suspension provides no more drug to the 
aqueous humor than does a more dilute suspension or a 
saturated solution of the substance in a similar vehicle. 
Obviously, the particle size of the suspended drug affects the 
surface area available for dissolution. Particle size also plays 
an important part in the irritation potential of the dosing 
system. This consideration is important, as irritation pro- 
duces excessive tearing and rapid drainage of the instilled 
dose. It has been recommended that particles be less than 
10 pm in size to minimize irritation‘to the eye. It should be 
kept in mind, however, that in any suspension system the 
effects of prolonged storage and changes in storage tempera- 
ture may cause the Smallest particles to dissolve and the 
largest particles to become larger. In summary, aquedus 
suspensions should, in general, give a more extended effect 
than aqueous solutions. 

The pharmacist should be aware of two potential difficulties 
inherent in suspension dosage forms. In the first instance 
dosage uniformity nearly always requires brisk shaking to 
distribute the suspended drug. Adequate shaking is a func- 
tion of the suitability of the suspension formulation but also, 
and most importantly, patient compliance. Studies have dem- 
onstrated that a significant number of patients may not shake 
the container at all, others may contribute a few trivial shakes. 
The pharmacist should stress the need of vigorous shaking 
whenever an ophthalmic suspension is dispensed: 

A second and infrequent characteristic of suspensions is the 
phenomenon of polymorphism or the ability of a substance to 
exist in seVeral different crystalline forms. A change in crys- 
tal structure may occur during storage resulting in an increase 
(or decrease) in crystal size and alteration in the suspension 
characteristics causing solubility changes reflected in in- 
creased or decreased bioavailability. 

The pharmacist should be aware of the procedures used by 
pharmaceutical manufacturers in the preparation of commer- 
cial sterile ophthalmic suspensions and ointments, when called 
upon to compound such preprations extemporaneously.7 

Ophthalmic Ointments—Despite disadvantages, ophthal- 
mic ointrnents remain a popular and frequently prescribed 
dosage form. There are 58 ophthalmic Ointments listed in 
the USP. Dosage variability probably is greater than with 
solutions (although probably not with suspensions). Oint- 
ments will interfere with vision unless use is limited to bedtime 
instillation 

Ointments do offer the advantage of longer contact time and 
greater total drug bioavailability, albeit with slower onset and 
time to peak absorption. The relationship describing the 
availability of finely divided solids dispersed in an ointment 
base was given by Higuchi8 where the amount of solid (drug) 
released in unit time is a function of concentration, solubility 
in the ointment base and diffusivity of the drug in the base. 

Special precautions must be taken in the preparation of 
ophthalmic Ointments. They are manufactured from steril- 
ized ingredients under rigidly aseptic conditions and meet the 
requirements of the official sterility tests; Terminal steriliza— 
tion of the finished ointment intubes is accomplished occasion- 
ally using a validated dose of gamma radiation. If the spe- 
cific ingredients used in the formulation do not lend themselves 
to routine sterilization techniques, other ingredients that meet 
the sterility requirements described under the official sterility 
tests, along with aseptic manufacture, may be employed. 
Ophthalmic Ointments must contain a suitable substance or 
mixture of substances to prevent growth of, or  to destroy, 
microorganisms introduced accidentally when the container 
is opened during use. The antimicrobialagents currently 
used are chlorobutanol, the paiabens or one of the organic 
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mercurials.. The medicinal agent is added to the ointment 
base either as a solution or- as a micronized powder. The 
finished ointment must be free from large particles;- Most 
ophthalmic Ointments are prepared with a base of white petro- 
laturn and mineral oil, often with anhydrous lanolin. Some 
contain a polyethylene-mineral oil gel. Whichever base is 
selected, it must be nonirritating to  the eye, permit diffusion of 
the drug throughout the secretions bathing the eye and retain 
the activity of the medicament for a reasonable period of time 
under proper storage conditions. 

It IS obligatory that ophthalmic Ointments not contain par- 
ticulate matter that may be harmful to eye tissues. Hence,in 
preparing such Ointments special precautions must be taken 
to exclude or to minimize contamination with foreign particu- 
late matter, eg, metal particles fragmented from equipment 
used in preparing Ointments and also to reduce the particle 
size of the active ingredient(s) to impalpability. ‘ The oflicial 
compendium provides tests designed to limit to a level consid- 
ered to be unobjectionable the number and size of discrete 
particles that may occur in ophthalmic Ointments. In these 
tests the extruded contents of 10 tubes of ointment, previ- 
ously melted in flat-bottom Petri dishes and then allowed to 
solidify, are scanned under a low-power microscopefitted 
with a micrometer eyepiece for metal particles 50 am or 
larger in any dimension. .The requirements are met if the 
total number of metal particles in all 10 tubes does not exceed 
50 and if not more than one tube '  rs found to contain eight such 
particles. 

Testing for sterility of products such as ophthalmic oint- 
ments has been facilitated greatly by the use of sterile, bacteria- 
retaining membranes (those having anominal porosity of 0.45 
or 0.22 pm are used commonly). For Ointments soluble in 
isopropyl myristate (the solvent used in the official test for 
sterility) a sample of the ointment is dissolved in the sterile 
test 'solvent. For Ointments insoluble in isopropyl myristate 
the sample is suspended in a suitable aqueous vehicle that 
may contain a dispersing agent and tested by the conventional 
General Procedure (see the USP for details). 

For along time the technology available for manufacture of 
ophthalmic Ointments was considered inadequate to produce 
sterile products; indeed, it was believed by some to be impos- 
sible to operate a tube—filling machine so as to maintain steril- 
ity even in a sterile room.‘ In recent years technological 
advances have made it possible to manufacture sterile ophthal- 
mic ointment units. Major improvements have been achieved 
in the area of filtration technology. Membrane filters have 
improved the reliability of both sterile filtration precedures 
and sterility-testing methods. Use of laminar flow of HEPA- 
filtered air in appropriately designed rooms and hoods- has 
been a major factor in the successful aseptic operation of the 
roller mill and 'of devices for filling tubes with ointment. 
While the ideal method of sterilization is one in which the 
finished ointment is sterilized in its final container, at present 
it does not appear feasible to do so by any method with the 
possible exception of the use of ionizing radiation. 

As previously noted, the official compendium directs that 
ophthalmic Ointments be prepared from previoUsly sterilized 
ingredients, under rigidly aseptic conditions. This is the pro- 
cedure followed in- commercial manufacture as well as in 
extemporaneous preparation of ophthalmic Ointments. In 
extemporaneous compounding the following information may 
be helpful: petrolatum vehicles and many medicaments may 
be sterilized by being heated in a hot air oven and utensils 
required for compounding may be sterilized by autoclaving. 
A sterile disposable syringe without a needle may be used to 
transfer the finished ointment, if it is semifluid, to the prester- 
ilized ointment tube, or sterile aluminum foil or  powder paper 
may be used for the same purpose. Probability of microbial 
contamination may be reduced greatly by carrying out se- 
lected steps of the procedure in a laminar-flow hood. 

- Ocular Inserts—The use of solid dosage forms in the eye 
actually dates from the lameuae of the British Pharmacopeia 
of the 1940s. These drug-impregnated wafers were de- 
signed to. dissolve on insertion beneath the eyelid. Other 
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slowly soluble or erodible matrices were investigated from 
time to time. Each is characterized by a form of enhanced- 
pulse drug activity. That is, the bioavailability curve of .the 
drug instilled 1n aqueous solutions was greatly enhanCed both 
in peak absorption a n d ”  in duration. Drug side effects were 
enhanced concomitantly as well. . . . . . . . . . .  

More recently, ocular inserts have been developed in which 
the drug 18 delivered based on diffusional mechanisms. Such 
a device delivers an ophthalmic drug at a constant known rate, 
minimizing side effects by avoiding excessive absorption 
peaks. The delivery of pilocarpine by such a device is a 
well-known commercial product (Ocusert, Alza). 

Ocular inserts are plagued with some of the same manipula- 
tive disadvantages as conventional eyedrops. The insert must 
be placed in the eye in a manner similar to the insertion of a 
contact lens. Additionally, the insert, exhausted of its drug 
content, must be removed from the eye. Such manipulations 
can be difficult for the elderly patient. Nonetheless, such 
therapeutic inserts represent a notable scientific contribution 
to ophthalmic therapy. 

Intraocular Solutions—Ophthalmic solutions intended 
for intraocular use are relatively recent additions to the arma- 
mentarium of the ophthalmologist-surgeon. Surgical proce— 
dures such as cataract removal require two types of intraocu— 
lar solutions. During surgery the operating site is rinsed 
frequently with an irrigating solution. , Late in the surgical 
procedure the surgeon may choose to constrict the iris by the 
use of a miotic solution such as carbachol or acetylcholine 
chloride. . Drugs such as the latter usually are used in a unit- 
dose, minimum-volume form. Irrigating solutions, in con- 
trast, may be used over a period of hours during surgery and 
are available in volumes ranging from 15 to 500 mL. 

The formulation of intraocular ophthalmic products presents 
requirements that differ depending on the type of product. 
Medicated solutions such as carbachol or acetylchojine are 
formulated best in relatively simple isotonic vehicles. 
Preservatives should not be used and buffers should be avoided 
if possible. The product pH should be adjusted as close to 
the physiological range as possible. Needless to say, the 
product should be sterile and particle-free. 

Intraocular irrigating solutions present a considerable for- 
mulation challenge distinct from the active ingredient solu- 
tions described above. Intraocular irrigating solutions are in 
contact with the delicate internal structures of the eye through- 
out the course of various surgeries, ie, for time periods mea- 
sured in hours. The requirements, of tonicity, pH, sterility 
and clarity are obvious; additionally, however, such irrigating 
solutions require a balanced ionic structure ,to prevent or 
minimize deleterious effects on structures such as the corneal 
endothelium. Edelhauser9 has shown thatisotonic sodium 
chloride can be toxic to corneal epithelial, endothial, iris and 
conjunctival cells. The same cells in contrast are unchanged 
after exposure to Ringer’s Solution containing glutathione, 
bicarbonate and adenosine.. 

The question of particulate matter in intraocular irrigating 
solutions is particularly important. In View of the volumes 
used for irrigations inthe surgically opened eye, any particu- 
lates could physically block the trabecular meshwork and 
canals of Schlemm The latter are vital in the outflow of 
aqueous humor and help maintain proper intraocular pres- 
sure in the intact eye. 

Other Modes of Admtnwtratzon 

Packs—These sometimes are used to give prolonged con- 
tact of the solution with the eye. A cotton pledget 1s satu- 
rated With an ophthalmic solution and this pledget is inserted 
into the superior or inferior fornix. Packs may be used to 
produce maximal mydriasis. In this case the cotton pledgets 
can be, for example, saturated with phenylephrine solution. ' 

Intracameral Injections—Injections may be made di- 
rectly into the anterior chamber (eg, acetylcholine chloride, 
alpha—chymotrypsin, carbamylcholine chloride, certain antibi— 
otics and steroids) or directly into the vitreous chamber (eg, 

amphotericin B, gentamicin sulfate and certain steroids). 
Injections are not made into the posterior chamber. 

Iontophoresis—This procedure keeps the solution in con- 
tact with the comea by means of an eyecup bearing an 
electrode. . Diffusion of the drug (eg, fluorescein sodium, an 
antibiotic, etc) is effected by .diflerence of electrical potential. 

Subconjunctival Iniections—Subconiunctival injections 
(Fig 31") are used frequently to introduce medications which, 
if applied topically, either do not penetrate into the anterior 
segment or penetrate too slowly to attain the concentration 
required. The drug is injected underneath the conjunctiva 
and probably passes through the sclera and into the eye by 
simple diffusion. The most common use of subconjunctival 
injection is for the administration of antibiotics in infections of ‘ 
the anterior segment of the eye. Subconjunctival injections 
of mydriatrics and cycloplegics also are usedto achieve maxi- 
mal pupillary dilation or relaxation of the ciliary muscle. If 
the drug is injected underneath the conjunctiva and the under- 
lying Tenon's capsule in the more posterior portion of the eye, 
effects on the ciliary body, choroid and retina can be obtained. 

Retrob ulbar Injections—Drugs administered by retrobul- 
bar injection (Fig 1) may enter the globe in essentially the 
same manner as the medications given subconjunctivally. 
The orbit is not well-vascularized and the possibility of signifi- 
cant via—blood stream effects from these injections is very 
remote. In general, such injections are given for the purpose 
of getting medications (eg, antibiotics, local anesthetics, en- 
zymes with local anesthetics, steroids, vasodilators, etc) into 
the posterior segment of the globe and to affect the nerves and 
other structures” in that space. , _ 

Preparation 

The preparation of ophthalmic solutions, suspensions or 
ointments by the community pharmacist, or  even the hospital 
pharmacist, is becoming less common. The pharmacist may 
be called upon to prepare a special concentration, particularly 
of an- antibiotic, in the hospital setting. However, the extem- 
poraneous compounding of ophthalmic: prescriptions is be- 
coming rare. In those cases where the pharmacist is called 
upon to compound an ophthalmic preparation extemporane- 
ously, careful documentation,.along with physician consulta- 
tion, is required. Meticulous attention to detail and the use 
of a detailed, preapproved preparation plan must be in place 
prior to compounding.“ - In the view of many, the advan- 
tages of commercial preparations such as stability, uniformity 
and sterility outweigh possible disadvantages such as standard- 
ization of dosage. A general discussion concerning the prepa- 
ration of ophthalmic solutions is found in the USP. 

Vehicles—Sterile isotonic solutions, properly preserved, 
are suitable for preparing ophthalmic solutions (see Chapter 
36). In most cases, where the concentration of active ingre- 

Fig 3. Modes of local therapy in ocular inflammation. Oint- 
ment:1—5.-:Drops 3—5. Parenteral ln/ectlons— subconjuncti— 
val: 4—6; deep subtenons: 6-8; retrobulbar: 8. 1° . 
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client is low, ie, less than 2.5 to 3.0%, the drug can be dissolved 
directly in the isotonic vehicle. The finished solutions will be 
hypertonic somewhat but well within the comfort tolerance of 
the eye. 

Typical stock solutions are as follows: 

_ Isotom'c Sodium Chloride Solution 
Sodium Chloride USP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . 0.9 g 
Benzalkonium C h l o r i d e . . .  . . 1  :10,000 
Sterile Distilled Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  qs 100 mL 

BoricAcid Solution ' ' ’ 
Boric Acid USP. . .‘ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 1.9 g 
Benzalkonium C h l o r i d e . . .  . . : 1  10, 000 
SterileDisfilledWate‘r qs 100mL~ 

Boric acid solution at pH 5 IS an appropriate vehicle for the 
following. 

Cocaine Tetracaine 
Neostigmine Zinc salts 
Phenacaine Piperocaine 
Procaine 

Boric acid solution with an antioxidant is useful for oxygen 
sensitive drugs such as epinephrine, phenylephrine or 
physostigmine. The following solutions are suggested. 
Phenylmercuric nitrate replaces benzalkonium chloride as the 
preservative in the first solution. 

Bon‘cAcid.....:.' . . . . . . .  ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 19g 
Sodium Sulfite Anhydrous . . . . 0.1 g 
Phenylmercuric nitrate 1:50,000 
Sterile Purified Water . . . . . . . . . .  . . .qs 100 mL 
Sodium Acid Phosphate ('Nal-IZPO4) anhydrous . . - 0.56 g 
Disodium Phosphate (Nazi-IP04) anhydrous . . . . .  0.284 g . 
Sodium Chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.5 g 
Disodium Edetate . . . . . . . .  . 0. 1 g 
Benzalkonium Chloride. . . . : 1  10 000 
Sterile Purified Water . . . . . . . . . .  . :lqs 100ml. 

These vehicles are suitable for salts of 
Atropine 
Ephedrine 

Homatropine 
Pilocarpine. 

Sterilization Procedures—Those procedures suited best 
for the extemporaneous preparation of ophthalmic solutions 
are: 

1. Solutions 1n Final Container 
a. Place the filtered solution in containers that have been washed 

and rinsed with distilled water. - . . _ 
b. Seal dropper bottles with regular screw caps. The dropper as- 

sembly should be stapled into a paper envelope. 
c.  Sterilize 20 minutes at 15  psi (121’). 
d Do not assemble until ready to use. 

2. Dropper Bottles 
Wash container thoroughly and rinse with distilled water. 
Loosen caps and place bottles 1n autoclave. 
Autoclave 15 minutes at 15 psi (121°). 
Partially cool autoclave. 
Remove bottles from autoclave and secure caps. 
Store sterilized bottles' 1n a clean, dustproof cabinet.- 

3. Glassware and Equipment . 
a. Wrap adapters (containing filter), syringes, glassware, spatulas, 

etc, 1n autoclave paper and secure with masking tape. 
b Place articles in autoclave and sterilize in the manner described' in 

Section 2 above 
c. Store in separate cabinet until ready to use 

4 .  Microbiological Filtration 
a. All equipment and glassware as well as stock solutions should be 

sterile. The prescription should be dispensed' in a sterile container. 
b. Unwrap sterile syringe and draw prepared solution into syringe. 
c .  Unwrap sterile adapter containing bacterial filter and attach to 

syringe. These are available as single-filtration, presten'lized disposable 
units and should be utilized whenever possible. 

d. Force solution through filter directly into sterile container (drop- 
per or plastic Drop- Tame? (Alcoa) type). 

e .  By employing an  automatic filling outfit, more than one container 
of the same prescription can be prepared. 

1‘. Cap container immediately. 
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The procedures outlined above should be carried out in a 
clean area equipped with ultraviolet lighting and preferably' in 
a laminar-flow hood. - 

Laminar-Flow Principles—A laminar-flow work area is a 
particularly convenient means of preparing sterile, particulate- 
free solutions. Laminar flo w '  1s defined as air flo w '  111 which 
the total body of air moves with uniform velocity along parallel 
lines with a minimum of eddies. Laminar flow minimizes the 
pessibility of airborne microbial contamination by providing 
air free of viable particles and free of practically all inert 
particulates. Laminar-flow units are available 111 a variety of 
shapes and sizes and in two broad. categories, horizontal and 
vertical laminar flow. It should be noted that laminar flow 
per se’is not a guarantee of sterility. Correct procedures and 
sterile techniques remain necessary. See Chapter 84.- 

General Considerations ‘ 

A number of requirements must be considered' in the prepa- 
ration of ophthalmic solutions, suspensions or ointments. 
These include sterility, clarity, buffer, buffer capacity and pH, 
tcmicity, viscosity, stability, comfort, additives, particle size, 
packaging and preservatives. Many of these requirements 
are interrelated and must be considered collectively in the 
preparation of an ophthalmic product. The buffer system 
must be considered with tomcity and comfort inmind.- Sta- 
bility can be related to the pH, buffer system and packaging. 
Sterilization must be considered' 111' terms of stability and pack- 
aging. 

Ophthalmic solutiOns are formulated to be sterile, isotonic 
and buffered for stability and comfort. A viscosity-imparting 
agent may or‘ may not be present. Solutions must- be'free 
from foreign particles. Solution pH must be‘selected for 
optimum drug stability. 4 The pH then should be maintained 
by the inclusion of a buffer system of sufficient capacity to 
maintain pH throughout the extent of the shelf life of the 
product. 

The proper pH, buffer and buffer capacity often represent a 
compromise between stability of the drug and comfort in the 
eye, since optimum patient comfort usually is found at the pH 
of the tear fluid, or  abOut 7.4, while optimum stability for many 
drugs is generally lower, perhaps as low as 4.0—5.0.' Buffer 
capacity should be sufficient to maintain pH, but minimized to 
the point where tear fluid 'can overcome capacity and readjust 
to pH to 7.4 immediately'after instillation in the eye. 

Sterilization represents the major requirement of eye prod- 
ucts and the method, or  methods, employed depend on the 
active ingredient and product resistance to heat and to the 
packaging used. More than one means of sterilization may 
be used. .The sterile solution or suspension usually will con- 
tain an antimicrobial preservative to deal with inadvertent 
contamination during use. .The preservative should not be 
relied upon to produce a sterile product and should not be 
considered as a substitute for sterile techniques and procedures. 

Sterilization. 

Common methods of sterilization include moist heat under 
pressure (autoclave), dry heat; filtration, gas sterilization and 
ionizing radiation. 

Dangers of Nonsterile Medications—The possibility of 
serious ocular infection resulting- from the use of contami- 
nated ophthalmic solutions has been documented amply in 
the literature. Such solutions repeatedly have be en the cause 
of corneal ulcers and loss of eyesight. 4 Contaminated solu- 
tiOns have been found in use in physicians’ ofl‘lces, eye clinics 
and industrial infirmaries, and dispensed on prescription in 
community and hospital pharmacies. The microbe most fre- 
quently found as a contaminant is the Staphylococcus group. 
Pseudomonas aemginosa' 1s a less frequent contaminant and 
the solution most often found Containmated is that of sodium 
fluorescein. 

Pseudomonas aeruginosa (B pyocycmeus; Pseudomonas 
pyocyanea; Blue pus bacillus)—This 1s avery dangerous and 
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opportunistic organism that grows well on most culture media 
and produces both toxins and antibacterial products. The 
latter tend to kill off other contaminants and allow the P 
ae'mginosa to grow in pure . culture. This gram-negative 
bacillus also grows readily in ophthalmic solutions, which may 
become the source of extremely serious infections of the 
cornea. It can cause complete loss of sight in 24—48 hours. 
In concentrations tolerated by tissues of the eye, it seems that 
all the antimicrobial agents discussed in the following sec- 
tions may be ineffective against some strains of this organism. 

A sterile ophthalmic solution in a multiple-dose container 
can be contaminated in a. number of ways unless precautions 
are taken. For example, if a dropper bottle is used, the tip of 
the dropper while out of the bottle can touch the surface of a 
table or shelf if laid down, or it can touch the eyelid or eyelash 
of the patient during administration. If the Drop-Tamer 
(Alcon) type of bottle is used, the dropper tip can touch an 
eyelash, or  the cap while removed to  permit administration, or 
its edge may touch a table or  finger and that edge can touch the 
dropper tip as the cap is replaced. . 

The solution may contain an effective antimicrobial but the 
next use of the contaminated solution may occur before 
enough time has elapsed for all of the organisms to be killed, 
and living organisms can find their way through an abrasion 
into the corneal stroma. Once in thecomeal stroma, any 
residual traces of antimicrobial agents are neutralized by tis- 
sue components and the organisms find an excellent culture 
medium for rapid growth and dissemination through the cor- 
nea and the anterior segment of the eye. 
. Other Organisms—Bacillm subtilis may produce a seri- 
ous abscess when it infects the vitreous humor The patho- 
genic fungus considered of particular importance in eye solu- 
tions is Aspergillusfumz'gatus. Other fungi or molds may 
be harmful by accelerating deterioration of the active drugs. 

With regard to viruses, as many as 42 cases of epidemic 
keratoconjunctivitis were caused by one bottle of virus- 
contaminated tetracaine solution. Virus contaminationis par- 
ticularly difficult to control because none of the preservatives 
now available is virucidal. Moreover, viruses are not remov- 
able by filtration. However, they are destroyed by 
autoclaving. The pharmacist and physician have not been 
made adequately aware of the dangers of transmitting virus 
infection via contaminated solutions. This is particularly per- 
tinent to  the adenoviruses (Types III and VIII) which are now 
believed to be the causative agents of viral conjunctivitis such 
as epidemic keratoconjunctivitis. 

Methods . 

Steam under Pressure—Terminal sterilization by auto- 
claving is an acceptable, effective method of sterilization; 
however, the solution or suspension components must be 
sufficiently heat-resistant to survive the procedure. If steril- 
ization is carried out in the final container, the container also 
must be able to survive the heat and pressure. A recent 
addition to  this technique is the so-called air Over steam 
autoclave. This combination allows pressure adjustments to 
be made during the autoclave cycle. Pressure manipulations 
permit the autoclave sterilization of materials which,-while 
heat-resistant, tend to deform (ie, polypropylene containers). 

Filtration—The USP states that sterile membrane filtra- 
tion under aseptic conditions is the preferred method of 
sterilization.» Membrane filtration offers the substantial ad- 
vantage of room temperature operation with none of the del- 
eterious effects of exposure to heat or sterilizing gas. 

Sterilization by filtration does involve the transfer of the 
finished sterile product into previously sterilized containers 
using aseptic techniques. The membrane filtration equip- 
ment itself usually is sterilized as an assembly by autoclaving. 

The application of filtration procedures to  the extemporane- 
ous preparation of sterile ophthalmic solutions has been pro- 
posed by several workers. Several types of equipment are 
available for small-scale work, as described in Chapter 37. 
Particular interest has been shown in the Swinny adapter fitted 

on a syringe and in the Millipore Swin’nex disposable filter 
units. Empty sterile plastic ”squeeze" containers and sterile 
plastic filtration units can be purchased directly from the 
manufacturers, eg, Wheaton (polyethylene containers) and 
Millipore (Sufinnea: filter units). They permit extemporane- 
ous preparation of ophthalmic solutions which have a high 
probability of being sterile if the work is carried out under 
aseptic conditions. A supplementary device can permit auto- 
maticrefilling of the syringe. The filter unit must be replaced 
after use. 

Gas—Gas sterilization of heat-sensitive materials may be 
carried out by exposure to  ethylene oxide gas in the presence 
of moisture. Ethylene oxide gas for sterilization use is avail- 
able commercially diluted either with carbon dioxide or halo- 
genated hydrocarbons. Ethylene oxide sterilization requires 
careful consideration of conditions required to effect sterility. 
Temperature and pressure conditions are quite nominal in 
contrast to wet or  dry heat, however, careful control of expo- 
sure time, ethylene oxide cdncentration and moisture is essen- 
tial. 

Gas sterilization requires the use of specialized but not 
necessarily elaborate equipment. Gas autoclaves may range 
from ‘very large walk-in units to  small laboratory bench-scale 
units suitable for small hospitals, laboratories or  pharmacies. 

In using gas sterilization the possibility of human toxicity 
must be kept in mind. Care should be taken to restrict expo- 
sure to ethylene oxide during the loading, venting and unload- 
ing of the sterilizer. Ethylene oxide sterilization produces 
irritating byproducts which remain as residues in or on the 
articles sterilized. Residues include ethylene glycoland eth- 
ylene chlorohydrin (when in contact with chloride ions) in 
addition to ethylene oxide itself. To minimize such residues 
the sterilized articles should be aerated for at least 72 hours, 
preferably at 40 to 50° 

Ambient aeration time for sterilized polyethylene bottles 
should be about 48 hours. Ethylene oxide is recommended 
for the sterilization of solid materials which will not withstand 
heat sterilization. The FDA has recommended maximum resi- 
dues in the parts per million range for ethylene oxide, ethylene 
glycol and ethylene chlorohydrin. 

Radiation—Sterilization by exposure to ionizing radiation 
is an acceptable procedure for components of ophthalmic 
preparations or indeed for the total product as in certain 
ophthahnic ointments Sources of radiation are twofold and 
include linear electron accelerators and radioisotopes. The 
linear accelerators produce high-energy electrons with very 
little penetrating power. Radioisotopes, particularly 6°Co, 
are employed more widely for sterilization. ' Sterilization by 
radiation may produce untoward effects such as chemical 
changes in product components, as well as changes in color or 
physical characteristics of package components. 

Ophthalmic Preparation Characteristics 

Clarity—Ophthalmic solutions are bydefinition free from 
foreign particles and clarity normally is achieved by filtration. 
It is, of course, essential that the filtration equipment be clean 
and well-rinsed so that particulate matter is not contributed 
to the solution by equipment designed . to  remove it. 
Operations performed in clean surroundings, the use of lami- 
nar-flow hoods and proper nonshedding garments will contrib- 
ute collectively to the preparation of brilliantly clear solutions 
free from foreign particles. In many instances clarity and 
sterility may be achieved in the same filtration step. It is 
essential to  realize that solution clarity is equally a function of 
the cleanliness of the intended container and closure. Both 
container and- closure must be thoroughly clean, sterile and 
nonshedding. That is, the container or closure must not 
contribute particles to the solution during prolonged contact 
such as shelf- life storagel This nomially is established by 
thorough stability testing. 

Stability—The stability of a drug in solution,‘ 1e, an ophthal- 
mic product, depends on the chemical nature of the drug 
substance, product pH, method of preparation (particularly 
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temperature exposure), solution additives and type of 
packaging; Until two or three decades ago the stability of 
ophthalmic solutions was an exceedingly short-term concept; 
generally, it was the time required for a patient to complete 
the use of 15 or 30 mL of solution. Now, of course, 'the 
stability of ophthalmic products is expressed' in terms of years 
:However, 2- to 3-year stability often is achieved only by virtue 
of compromise. - » «- 

Drugs such as pilocarpine and physostigmine are both ac- 
tive and comfortable in the eye at a pH of 6. 8; however, at this 
pH chemical stability (or instability) can be measured in days 
or months. With either drug, a substantial loss in chemical 
stability will occur in less than 1 year. On the other hand, at 
pH 5 both drugs are stable for a period of several years. 

In addition to optimal pH, if oxygen sensitivity is a factor, 
adequate stability may require the inclusion of an antioxidant. 
Plastic packaging, ie, the low-density polyethylene Drop- 
Tainer (Alcon) that represents a' patient convenience, may 
prove detrimental to  stability by permitting Oxygen perine- 
ation resulting in oxidative decomposition of the drug sub- 
stance 

The attainment of optimum stability most often imposes a 
series of compromises on the formulator. The optimum pH 
may be lower than preferable for product comfort, although 
this effect may be minimized by adjusting pH With a buffer 'of 
minimum capacity. Additives such as chelating agents and 
antioxidants may be required and convenience packaging 
may diminish shelf life of the product. 

It should be stressed that stability refers to total product 
stability not just the chemical stability of a single product 
component. That is an oversimplification. A well-planned 
stability program will consider and evaluate the chemical 
stability of 'the active ingredient, chemical stability of the 
preservative substance, continuing preservative efficacy 
against selected test organisms and adequacy of the package 
as a function of time (ie,‘does the package protect sterility in 
addition to various physical measures such as pH, clarity, 
resuspendability of suspensions and the like) One also must 
support the thesis that the material on testis representative of 
all lots of a given product. 

Bufl’er and pH——Ideally, ophthalmic preparations should 
be formulated at a pH equivalent to the tear fluid value of 7 .4. 
Practically, this seldom is achieved. The large majority of 
active ingredients used in ophthalmology are salts of weak 
bases and are most stable at an acid 'pH. ‘ This generally can 
be “extended to suspensions of insoluble corticosteroids. 
Such suspensions usually are most stable at an acid pH. 

Optimum pH adjustment generally requires a compromise 
on the part of the formulator. The pH selected should be 
optimum for stability. The buffer system selected should 
have a capacity adequate to maintain pH within the stability 
range for the duration of the product shelf life. Buffer capac— 
ity is the key in this situation. ' 

It generally is accepted that alow (acid) pH per se necessar- 
ilywill not cause stinging or discomfort on instillation. ' If the 
overall pH of the tears, after instillation, reverts rapidly to pH 
7.4, discomfort is minimal. O n  the other hand, if the buffer 
capacity is sufficient to resist adjustment by tear fluid and the 
overall eye pH remains acid for an appreciable period of time, 
then stinging and discomfort may result. Consequently, 
buffer capacity should be adequate for stability, but mini- 
mized so far as possible, to allow the overall pH of the tear 
fluid to be disrupted only momentarily. 

Tonicity—Tonicity refers to the osmotic pressure exerted 
by salts in aqueous solution. An ophthalmic solution is iso- 
tonic with another solution when the magnitudes of the colli- 
gative properties of the solutions are equal. An ophthalmic 
solution is considered isotonic when its tonicity is equal to 
that of an 0.9% sodium chloride solution. 

The calculation of tonicity at one time was stressed rather 
heavily. The fledging pharmacist was taught in great detail 
the requirements of and means of achieving exact tonicity, 
sometimes to the detriment of other faCtors such as sterility 
and stability. 
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- I n  actuality the eye is much more tolerant of tonicity varia- 
tions than was at one time suggested. The eye usually can 
tolerate solutions equivalent to a range of 0.5% to 1.8%.so- 
dium chloride: Given a choice,- isotonicity always is desir- 
able and particularly' is important in intraocular solutions.- It 
need not, however be an overriding concern When total prod- 
uct stability" is to be considered. 

The tonicity of ophthalmic (and parenteral) solutions has 
been investigated intensively over the years. These studies 
have resulted in the accumulation and publication of a large 
number of sodium chloride equivalents which are useful in 
calculating tonicity values. See Chapter 36. . ,  

Viscosity—The USP permits the use of viscosity-increas- 
ing agents to prolong contact time in the eye and thus enhance 
drug absorption and activity. Substances such as methylcel- 
lulose, polyvinyl alcohol and hydroxypropylmethyl cellulose 
are added frequently to increase viscosity. 

Various investigators have studied the effect of increased 
viscosity on contact time in the eye. In general terms, viscos- 
ity increased up to the 15 to ‘50.cps range-significantly im- 
proves contact time in the eye. ~Results tend to plateau be- 
yond the 50-centipose range, higher viscosity values oifer no 
significant advantage and have a tendency to leave a notice- 
able residue on the lid margins. 

Additives—«The use of various additives in ophthalmic 
solutions is permissible, however the choices are few in 
number. “ An antioxidant, specifically sodium bisulfite ormeta- 
bisulfite, is permitted in concentrations up to 0.3%, particu- 
larly in solutions containing epinephrine salts. Other antioxi- 
dants such as ascorbic acid or acetylcysteine also may be 
used. The antioxidant acts in this case as a stabilizer to 
minimize oxidation of epinephrine. 

The use of surfactants in ophthalmic preparations is re- 
stricted similarly. Nonionic surfactants, that class of such 
compounds which are least: toxic to the ophthalmic tissues, 
are used in low concentrations particularly in steroid suspen- 
sions and as aids in achieving solution, clarity..- Surfactants 
may be used rarely as cosolventsto increase solubility. 

The use of surfactants, particularly in any-significant concen- 
tration, should be tempered by. recognition of the sorption 
characteristics of these compounds. Nonionic surfactants, 
in particular, may react by binding with antimicrobial preser- 
vative compounds and inactivate much of the preservative 
system. 

Cationic surfactants are used frequently in ophthalmic solu- 
tions but almost invariably as antimicrobial preservatives 
Benzalkonium chloride is typical of this class of substances. 
Concentrations are in the range of 0.005 to 0.02%, with toxic- 
ity the limiting factor on the concentration used. Because of 
its large molecular weight the benzalkonium cation is inacti- 
vated easily by macromolecules of opposite charge or by 
sorption. Despite such limitations, benzalkonium chloride' is 
the preservative used in the large majority of commercial 
ophthalmic solutions and suspensions. 

Packaging 

The traditional ophthalmic glass container With accompany- 
ing glass dropper has been supplanted almost completely by 
the low-density polyethylene dropper unit called the Drop- 
Tainer (Alcon). In only a very few instances are glass con- 
tainers still in use,,usually because of stability limitations. 
Large-volume intraocular solutions of 250 and 500 'mL have 
been packaged in glass, but even these parenteral- -type' prod- 
ucts are beginning to be packaged in specially fabricated 
polyethylene/polypropylene containers. 

One should be ever mindful that plastic packaging, usually 
low- density polyethylene, is by n o  means interchangeable 
with glass. Plastic packaging is permeable to  a variety of 
substances including light and air. The plastic package may 
contain a variety of extraneous substances such as mold re- 
lease agents, antioxidants, reaction quenchers and the like, 
that readily may leach out of the plastic and into the contained 
solution. Label glues, inks and dyes also may penetrate poly- 
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ethylene readily. In the opposite sense, volatile materials 
may permeate from solution into or through plastic containers. 1 

Glass containers remain a convenient package material for 
extemporaneous preparation of ophthalmic solutions. Type 
1 glass should be used. The container should be well-rinsed 
with sterile distilled water and may be sterilized by autoclaving. 
Droppers normally are available presterilized and packaged in 
a convenient blister pack 

Ophthalmic ointrnents invariably are packaged in metal 
tubes. with an ophthalmic tip Such tubes are sterilized con- 
veniently by auto'claving or by ethylene oxide. -In rare cases 
of metal reactivity or incompatibility, tubes lined with epoxy 
or vinyl plastic may be obtained. 

Regardless of the form of packaging, some type of tamper- 
-evident feature must be used for consumer protection. -The 
comrrion 'tampenevident feature used on most Ophthalmic 
preparations is the moisture- or heat-sensitive shrink band. 
The band should be identified in such a way that its disruption 
or absence shouldconstitute a warning that tampering, either 
accidental or  purposeful, has Occurred. 

The eyecup‘, an ancillary packaging device, fortunately 
seems to have gone the way of the community drinking cup. 
An eyecup should not be used. '- Its use inevitably will spread 
or aggravate eye infections. The pharmacist should not fail 
to discourage such use just as he or she should take the time to 
instruct the patient in ' the  proper use and care of eye 
medications..= While ophthalmic administration may seem 
simple enough, it may be a foreign and difficult task for many 
people. .The suggestions and precautions given on page 
1 566 may be useful in instructing patients 

Antimicrobial Presenlatives 

The USP states that ophthalmic solutions may be packaged 
in multiple— dose containers Each solution must contain a 
substance or mixture of substances to prevent the growth of, 
or to destroy, microorganisms introduced accidentally when 
the container is opened during use. The preservative is not 
intended to be used as a means of preparing a sterile solution. 
Appropriate techniques discussed elsewhere, are to be em- 
ployed to prepare a sterile solution. 

Preservatives are not to be used in solutions intended for 
intraocular use because of the risk of irritation. Ophthalmic 
solutions prepared and packaged for  a single application, ie ,a  
unit dose, need not contain a preservative because it is not 
intended for reuse. 

The need for proper control of ophthalmic solutions to 
prevent serious contamination was recognized in the 1930s. 
The first preservative recommended for use in ophthalmics 
was chlorobutanol, as an alternative to daily boiling! -- 

The selection of an ophthalmic preservative can be a rather 
diflicult task, in part, because of the relatively small number of 
suitable candidates. There is, of course, no such thing as an 
ideal preservative; however, the following criteria may be 
useful' in preservative selection. 

‘ 1. The agent should have a broad spectrum, and be active against 
gram-positive and gram-negative organisms as well as fungi. The agent 
should exert a rapid bactericidal activity particularly against known viru- 
lent organisms such asP aerugimsa. strains. 

2 The agent should be stable over awide range of conditions including 
autoclaving temperatures and pH range. , , » 

3. Compatibility should be established with other preparation compo- 
nents andwith package syskms 

4. Lack of toxicity and irritation should be established with a' reason”- 
able margin of safety. 

Preservative substances must be evaluated as a part of the 
total ophthalmic preparation in the proposed package Only 
inthis way can the adequacy of the preservative be established. 
The USP includes a test for preservative effectiveness; addi- 
tionally, certain manufacturers have developed a panel of test 
organisms to further challenge and verify preservative activ~ 
ity 

In addition to preservative effectiveness as an immediate 
measure, its adequacy or stability as a function of time also 
must be ascertained. This of ten '  is- done by measuring both 
chemical stability and preservative effectiveness over a given 
period of time and under varying conditions. . 

Many of these test procedures are, of course, not com- 
pletely pertinent to the preparation of an extemporaneous 
ophthalmic solution. In such asituation the pharmacist must 
make selections based upon known conditions and physical 
and chemical characteristics In such circumstances it would 
be prudent to prepare minimum volumes for short -term pa- 
tient use. 

The choice of preservatives suitable for ophthalmic use is 
surprisingly narrow. The classes of compounds available for 
such use are described in Table 1.12 In each case or category 
there are specific limitations and shortcomings. 

Quaternary Ammonium Compounds—Benzelkonium 
chloride is a typical quaternary ammonium compound and is, 
by far, the most common preservative used in ophthalmic 
preparations. Over 65% of commercial ophthalmic prod- 

.Table 1—Ophihalmic Preservatives”. 

Type Typical structure ~ ~ Concentration range Incompatibililies V 

. Quaternary "1' R’ 0.004%—0.02% Soaps. . . -, - 
ammonium R.—N—R. v‘ . 0.01% most Anionic materials ‘ 
compounds common . Salicylates | 

= Nitrates 

Organic memorials doom—0.01% Certainhalides with v' >_ 
' ' " ' phenylmercuric acetate 

I. Pariihydroiry Maximum 0.1% Adsorption by macromolecules; . 
' benzoates _ . marginal activity 

‘ I 

Chlorobutanol - - Cl-l. _CCI‘ . 0.5% StabilityispH-dependent; . 
- : v- ' H activity concentration is near . 

CHIOI-l solubility maxrmum . 

Aromatic amends asst-0.9% Low‘s’olubili'tyinwater; marginal 
activity 
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ucts are preserved with benzalkonium chloride. = Despite this ‘ 
broad use the compound has definite limitations. As a cat- 
ionic surface-active material of high molecular weight it is not 
Compatible with anionic cOmpounds. ' It is incompatible with 
salicylates and nitrates and may be inactivated by high molecu- 
lar weight nonionic compounds. Conversely, benzalkonium 
chloride has excellent chemical stability and very good antimi- 
crobial characteristics. Given the alternative it would be 
preferable to modify a formulation to remove the incompatibil- 
ity, rather than include a compatible but less efiective preser- 
vative. 

The literature on benzalkonium chloride is somewhat mixed; 
however, this' is not unexpected given the wide variation in 
test methods and, indeed, the chemical variability‘of benz‘alko- 
nium chloride itself. The official substance is defined as a 
mixture of alkyl benzyldimethylammonium chlorides includ- 
ing all or some of the goup ranging from n-Ca through 
’n-Clna. The n—ClgH25 homolog content is not less than 
40% on an anhydrous basis. 

Reviews13 of benzalkonium chloride indicate that it is well- 
suited for use as an ophthalmic preservative. Certain early 
negative reports have been shown to be quite erroneous; in 
some cases adverse tissue reactions Were attributed to benzal» 
konium chloride when, in fact, a totally different compound 
was used as the test material. Although benzalkonium chlo- 
ride is by far the most common quaternary preservative others 
occasionally referred to include benzethonium chloride and 
cetyl pyridinium chloride. All are official compounds. 
More recently Quaternary ammonium compounds have been 
attached to soluble, reasonably high-m‘olecula'r— -weight 
polymers. These agents possess good antimicrobial effec- 
tiveness with fewer compatibility problems than 'the official 
quaternary preservatives Refer to RPS- 14, page 1571 for a 
summary of quaternary gerrnicides 1n ophthalmic drugs 

Organic Mercurials—lt generally rs stated that phenyhner— 
curic nitrate or  phenyhnercuric acetate, in 0.002% concentra- 
tion, should be used instead of benzalkonium chldride as a 
preservative for salicylates and nitrates, and in solutions of  
salts of physostigmine and epinephrine that contain 0.1% of 
sodium sulfite. The usual range of concentrations employed 
is 0.002 to 0.004% Phenylmercuric borate sometimes is 
used in place of the nitrate or acetate. 

Phenylmercuric nitrate has the advantage, over some other 
organic mercurials, in not being precipitated at a slightly acid 
pH. As with other mercurials, it is ‘slow’ in its bactericidal 
action, and it also produces sensitization reactions. Phen- 
ylmercuric ion is incompatible with halides as it forms precipi- 
tates. 

The effectiveness of phenylmercuric nitrate againstP aera- 
g'inosa is questionable; it has been found that pseudomonal 
organisms survive after exposure to a concentration of 0. 004% 
for longer than a w e e k .  

Development of iatrogenic mercury deposits in the crystal- 
line lens resulting from use of miotic eye drops containing 
0.004% phenylmercuiic nitrate, 3 times daily, for periods of 3 
to 6 years, has been reported. No impairment of vision was 
found, but the yellowish brown discoloration of the lens cap- 
sule is reported to be permanent. 

Thimerosal (Merthiolate, Lilly) is an organomercurial with 
bacteriostatic and antifungal activity and 15 used as an antimi- 
crobial preservative in concentrations of 0.005 to 0.02%. 4 Its 
action, as with other mercurials, has been reported to be slow. 

Parahydroxybenzoic Acid Esters—,Mixtures of methyl- 
paraben and propylparaben sometimes are .used as ophthal- 
mic antimicrobial preservatives; the concentration of methyl- 
paraben is in the range of 0.1 to  0. 2%, while that of 
propylparaben approaches its solubility in water (approxi- 
mately 0.04%). They are not considered efficient bacterio- 
static agents and are slow in their antimicrobial action. 
Ocular irritation and stinging have been attributed to their use 
in ophthalmic preparations; In a review of OTC drugs for use 
in ophthalmology, the FDA expert panel found the parabens 
unacceptable as ophthalmic solution preservatives. 
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Substituted Alcohols and Phenols—Chlorobutanol is 
stated to be effective against both gram-positive and gram- 
negative organisms, includingP mimosa and some fungi. 
It broadly lS compatible with other ingredients and normally 
used in a concentration of 0.5%. One of the products of 
hydrolysis is hydrochloric acid, which causes a decrease in the 
pH of aqueous solutions This decomposition occurs rapidly 
at high temperatures and slowly at room temperature, in 
unbufi‘ered solut1ons_ that were originally neutral or alkaline. 
Therefore, ophthalmic solutions that contain chlorobutanol 
should be buffered between pH 5.0 and 5.5. At room tempera- 
ture it dissolves slowly in water and, although it dissolves 
more rapidly on heating, loss by vaporization and decomposi- 
tion is accelerated. 

A combinationof chlorobutanol and phenylethyl alcohol 
(0.5% of each) has been reported to be more effective against 
P aeruginosa, S au'reus andP vulgm‘is than either anti- 
microbial singly. Also, preliminary solution of the chlorobu- 
tanol in phenylethyl alcohol effects solution of the former in 
water without the use of heat. 

Ophthalmic Preparations for OTC Use 

A comprehensive review of over—the-counter ophthalmic 
preparations recently has been completed by an expert panel 
approved by the FDA. . The panel review extended over the 
period 1973 through 1979. The finding of this panel, in the 
form of a tentative final monograph, appeared in the Federal 
Register. 14 

In a comprehensive assessment the panel considered the 
following conditions amenable to OTC drug therapy. 

Tear Insufficiency—Rational formulations used to treat tear insuffi- 
ciency are aqueous solutions containing demulcent agents, tonicity agents 
and pH and buffering agents. Tear insufficiency includes: 

1 . Keratoconjunctivitis sicca 
2. Sjogren’ s syndrome 

. 3.  Dry eye i n  the elderly 
Corneal Edema—Increased Water content in the cornea usually is 

treated with hypertonic solutions of sodium chloride, either 2 or 5%. 
Inflammation and Irritation ofthe Eye—— 

1 . Presence of loose foreign material in the eye. Commonly treated 
with an isotonic eyewash properly buffered and preserved. 

2. Irritation from airborne pollutants and chlorinated water. 
Management consists of avoiding the oifending allergens and the use of 
vasoconstrlctors, astringents, demulcents and emollients for symptomatic 
relief. . . , ‘ 

_3 . Allergic coniunctivitis,_ Treatment by topically applied vasocon- 
strictors and astringents,demu1cents, emollients and cold compresses. 
O n l y '  in mild cases, where edema and. congestion are slight, is pro treat- 
ment alone adequate. ’ 

In providing such OTC medications the pharmacist should 
take the opportunity to point out that unsupervised use of 
these products should be limited to 72 hours, when based on 
self- diagnosis. If the condition persists or worsens at any 
time, treatment should be discontinued and a physician con- 
sulted at once. . .. 

Contact Lenses __ , -  

Contact lenses are optical and/or therapeutic ophthalmic 
devices divisible into four general categories. - The rigid, hy- 
drophobic, so-called hard contact lenses, principally PMMA 
(polymethyl methacrylate); rigid, semihydrophobic; flexible 
hydrophjlic; flexible hydrophobic and rigid-gas-permeable. 
Each lens class is accompanied by its support solution prod- 
ucts and devices. Solutions used with hard contact lenses 
are rather conventional compositions, usually regarded as 
OTC products. Conversely, solutions ancillary to the hydro- 
philic lenses may be classed as new drugs or devices from a 
regulatory standpoint. Such preparations require great care 
and considerable pharmaceutical skill to formulate. Lens 
materials and support products are further classified and iden- 
tified in Table 2. 
.v, . Hard Contact Lens—Some evidence is available to show 
that contact lenses were visualized by Leonardo da Vinci in 
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Table 2—Contact yLens Classes, Characteristics and Support Products 
. Lens type Chemical classification Major characteristics 5 . Typical support products 

, "Hard," rigid, hydrophobic PMMA Negligible gas permeability, low Wetting solutions ~, 
- 1 -. . . . (polymethyl methacrylate) . water content, medium Soaking solutions 

. ,_ wettability Cleaning solutions 
> Combination 

. _ Artificial tears 
”Soft," flexible, hydrophilic HEMA (hydroxyethyl High water content, low gas ' Cleaning solutions . 

' ‘ methylmethacrylate) permeability, good wettability Disinfection Solutions 
Flexible hydrophobic ' Silicone rubber . Good gas permeability Wetting solutions 

‘ . ~ 7 Poor wettability Cleaning solutions 
, - * ' ' - =.'. , Soaking solutions 

Silicone vinylpyrollidone » Good gas permeability . . 
. . . ' .  ‘ . -. . Good wettability . ” 

Rigid, hydrophilic ._ CAB (cellulose acetate butyrate) 'Good gas permeability Wetting solutions 
. . . . Good wettability Cleaning solutions 

' Soaking solutions ' 

1508 and later, in 1637, by Rene Descartes. In 1827 the 
British astronomer, Sir John Herschel, described the math- 
ematics of these devices. He speculated on the possibility of 
filling 'a glass contact lens with transparent gelatin to correct 
for corneal irregularities Not until_1888 was the original 
concept executed by the artificial eye maker, Albert Muller. 
He made a glass protective shell for the cornea of a lagoph- 
thalmic patient who had carcinoma of the upper lid. The 
patient were the device for 20 years, and corneal clarity Was 
maintained. Other cases were reported in Europe of glass 
shells placed on the eye as corneal protective devices. 

Until the latter part of the 19403 almost all contact lenses 
had a portion resting directly on, or arching over, the cornea 
with a supporting flange resting beyond the lirnbus on the 
sclera. Thus, they were scleral lenses However, contact 
lenses without scleral portions (corneal lenSes) were in exis- 
tence at least as early as 19 1 2, when they were being manufac- 
.tured by Carl Zeiss. 

The glass scleral contact lenses that were made from 1888 
to 1938 were fitted by atedious method of trial and error using 
a fitting set that might contain more than 1000 lenses. The 
lenses were heavy and adjustments on them by the fitter were 
impossible. Their life” in the eye was short, because the glass 
was attacked vigorously by lacrimal fluid, in about 6 months 
the lenses became too rough to wear or to see through. 
However, they had the advantage that tears readily wet glass. 
In 1922 Dallos, in Budapest perfected a molding technique by 
which a glassishell could be fabricated to approximate closely 
the curvature of the globe. With the introduction of the 
methyl methacrylate plastic molded Scleral contact lens in 
1938 by Obn’g and Muller, the feasibility of using plastic for 
lens fabrication was demonstrated. Although the optical 
properties of glass are superior to those of plastic, the relative 
gain in ruggedness and the reduction in weight to one-third 
that of glass far offset this disadvantage. Not until PMMA 
became available was a flush-fitting shell possible. The con- 
cept was developed by 'Ridley, in‘England, in 1954. The 
protective effect is very useful invarious conditions character- 
ized by corneal epithelial fragility and for cesmetic effects. 

The ”hard" plastic'corneal contact lens was introduced by 
Tuohy in 1948. This was a major development He speci- 
fied a lens of smaller diameter that rested within the limbal 
area of the cornea. The results were peor Development of 
a corneal lens was hindered by the fear of traumatizing the 
cornea-with an appliance that fitted directly onto it: The first 
corneal lens to have any measure of success was developed in 
the early 19505 by Dickinson, Sohnges and Neill. Its thick- 
ness was about 0.2 mm and was considered to be a fairly thick 
lens. Thinner lenses, about 0.1 mm, were introduced 1n the 
early 19603. 
' Scleral bifocal lenses were developed initially 1n 1936 and 
the corneal type in 1958. Bifocal contact lenses are more 

Rewetting solutions 

difficult to fit, more costly and, inmany cases, more uncomfort- 
able than single-vision lenses. 

Lens-Care Products 

Wetting Solutions—These are preparatipnsidesigned to 
furnish an hydrophilic coating over the characteristically hy- 
drophobic surface of PMMA, silicon, acrylate and other rigid 
lens surfaces. Typically, wetting solutions include an accept- 
able viscosity-unparting agent, a surfactant and a preservative. 
The surface- activity and viscosity effect may be obtained from 
a single compound. Agents commonly used include cellu- 
lose derivatives, polyvinyl pyrollidone, polyvinyl alcohol and 
polyethylene glycol derivatives. Preservatives include those 
acceptable for ophthalmic use. Such solutions are sterile 

Cleaning Solutions—Cleaning solutions commonly are 
. used to remove surface contaminants—lipids, protein and the 
like. Cleaning is accomplished by the use of surfactants 
which preferably are nonionic or amphoteric. Solutions are 
sterile and properly preserved. Viscosity-unparting agents 
generally are not included. 

Adequate cleaning of hydrophilic lenses is a far more com- 
plex and challenging problem than hard-lens cleaning 
Because of their permeability characteristics, contaminants 
penetrate into the lens structure and easily may bind chemi- 
cally or physically to the HEMA lens material. Contaminants 
may be surface films or crystals, amorphous aggregates of 
protein material, cellular debris or insoluble morganic salts. 

Cleaning products generally are specific to the lens material 
'and require FDA approval, with proof of cleaning efficacy and 
safety. Cleaners are based on surface activity, enzyme ac- 
tion-' or even abradant aetion, in which case the abradant 
material” rs softer than the lens itself. Adequate cleaning of 
hydrophilic lens material daily is a necessary prelude to 
disinfection. Most recently the use of extended-wear lenses 
has found wide acceptance. Successful use usually depends 
on the use of an enzyme for cleaning, together with special 
disinfectants. 

Disinfecting Systems—Disinfection of the first hydro- 
philic lens approved by the FDA was accomplished using a 
heating device which generated steam from a saline solution. 
The latter Was prepared either by the user ‘or available from 
the manufacturer. "Subsequent to the so-called thermal sys- 
tems,-disinfection solutions were developed which met the 
requirements necessary for FDA approval. Because of the 
sorption characteristics of hydrophilic lens materials, many of 
the accepted ophthalmic preservatives are unsatisfactory for 
use in soft-lens disinfecting systems, including the ubiquitous 
benzalkonium chloride. Once again, however, the use of a 
quaternary disinfectant covalently bonded to a soluble, rela- 
tively high-molecular-weight polymer has met with some suc- 
cess. 
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In addition to possessing satisfactory disinfecting activity, 
such a preparation must be. isotonic, in 'an acceptable pH 
range, nonreactive (nonbinding) with lens materials and, over 
a normal use period, induce or bring about no physical, chemi- 
cal or Optical changes 111 the lens I t '  IS of course sterile and 
safe for use in the eye even though direct instillation into the 
eye is not intended. 

Soaking Solutions—~Soaking or storage solutions, as the 
name suggests, are used to store and hydrate hard lenses but, 
most importantly, to disinfect such lenses. Disinfection 
should be rapid and as complete as possible making use, once 
again, of acceptable ophthalmic preservative substances. 
Soaking solutions typically contain Vchlorhexidine (gluconate), 
benzalkoniurn or quaternary/ polymer compounds enhanced 
by sodium edetate. 

Artificial Tears—~Solutions intended to rewet hard lenses 
in situ are referred to as rewetting solutions or artificial tears. 
Such preparations are intended to reinforce the wetting capac- 
ity of the normal tear film. Early products of this type tended 
to be somewhat viscous Wetting solutions acceptable for di- 
rect installation into the eye. More recent preparations mimic 
tears more accurately and their viscosity is rather low, thus, 
user acceptability is improved. . 

Guidelines for Safety and Efficacy Testing—The FDA 
periodically issues 0r updates guidelines describing recom- 
mended test procedures for contact lens-care products, other 
than those used with PMMA lenses and, also, for typical OTC 
products used with hard lenses. The reader is advised to 
review the most recent guidelines for appropriate protocols 
for non-PMMA products. 

Tests for OTC (hard) lens products are divided into those 
appropriate for products intended for direct instillation in the 
eye and those not so intended. Products intended for direct 
instillation require multiple-application safety tests in the rab- 
bit eye, preservative eflicacy tests and sterility testing,in 
addition to  adequate efficacy tests. 

Products not intended for direct instillation require short 
term evaluation" in the rabbit eye and, of course, preservative 
efficacy and sterility testing. 

Soft Contact Lens—In 1960 Wichterle and Lim intro- 
duced a new, soft, hydrophilic gel lens synthesized by copoly— 
merization of HEMA with ethylene glycol dirnethacrylate 
(EGDM). lts hydrophilic nature was in marked contrast to 
the hydrophobic properties of PMMA; its increased permeabil— 
ity to water, oxygen and other constituents of tears having low 
molecular weight appears to offer metabolic advantages. 

Hydrophilic (gel, hydrogel, soft or  flexible) lenses are made 
of polymerized or copolymerized hydrophilic monomers with 
a cross-linking agent, such as EGDM. The cross-links add 
stability to the gel lenses and act to decrease the water 
saturation. The most widely used monomer is HEMA which 
may be copolymerized with lesser amounts of polyvinylpyrrol— 
idone (PVP), a more hydrophilic polymer. The copolymer 
acts to increase the hydration level beyond the maximum 40% 
potential of homogenous poly-HEMA. Gel lenses of even 
higher water content can be formed by combining a hydro- 
philic monomer or polymer (usually PVP) with a relatively 
hydrophobic monomer (usually methyl methacrylate). 
Lenses of this type are available with as much as 85% water at 
equilibrium. In addition, these cross-linked polymers can- 
not be formed by heat or pressure and thus usually are not 
harmed by boiling in aqueous solution or by autoclaving. 

Hydrophilic lenses are elastic and flexible when hydrated, 
yet brittle when dry. They can absorb and concentrate tear- 
film constituents as well as environmental pollutants, vapors, 
cosmetic ingredients, water impurities and antimicrobial pre— 
servatives, as well as active ingredients, in ophthalmic 
preparations. The refractive index for HEMA is 1.43 when 
hydrated in normal saline; hydrophilic lenses of greater hydra- 
tion level have a correspondingly lower refractive index. 
Depending on the amount of cross-linking and the amount and 
type of additives, the dimensions can be influenced by such 
factors as pH, tonicity and molecular or ionic species of dis- 
solved substances. 
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Advantages and Disadvantages of Soft Contact 
Lenses—Soft. contact lenses have the major advantage of 
wearer c'omfort and easy adaptability, particularly for  the 
first— time lens wearer. .Soft  lenses are misplaced or lost less 
easily and allow an easier transition to eye glasses. The 
typical vision blurring associated with a transition from hard 
lenses to eye glasses' rs absent. 

Because 'of the flexibility of soft contact lenses an accurate 
fit to the eye is more difficult than ls the case with hard lenses. 
Visual clarity usually' 18 less with soft lenses, indeed, the long- 
time hard- lens wearer may find visual clarity or  acuity of soft 
lenses unacceptable at first wearing 

Soft lenses require far more care than-  their hard 
Counterparts The soft polymers will allow penetration of 
contaminants deep into the lens body where even simple 
removal become difficult. Soft lenses may become more or 
less permanently contaminated by sorption of drug product 
gogrponents, in addition to protein fragments or  various other 

e rrs 
Even with reasonable care, soft lenses can be expected to 

have awearer life substantially shorter than hard lenses. Eye 
corrective changes requiring refitting and lens replacement 
may occur well before hard lenses require replacing because 
of wear. 

Despite the obvious practical disparities the popularity of 
soft contact lenses is immense, and mcreasing as durability 
and wearing time are increased. Wearer comfort, easy adapt- 
ability and adequacy for most relatively minor visual correc- 
tions contribute to soft-lens acceptability and popularity. 

Therapeutic Uses . , . 

The majority of contact lenses are used for reasons of 
optical acuity, convenience and/ or cosmetic value. How- 
ever, so far as is known, the first use of such a device, m l  888, 
was to protect a cornea, and therapeutic usefulness has contin— 
ued since that time. A major therapeutic advance was made 
by Ridley, in 1954, using PMMA, at the. time that it was 
replacing glassas the principal material used in making lenses. 
Currently, there is evidence of contact— lens development of 
major therapeutic importance in the use of soft lenses 1n the 
treatment of very serious pathological conditions They are 
of value in several ways, which are interrelated to the extent it 
is difficult to give an example which illustrates only one point. 
The several functions can be listed as: 

1. As “bandages" (through which one can see) to protect the epithe- 
lium of the cornea. 

2.  While in use as bandages, to permit movement of medicinal fluids 
through the lens to the eye, as well as under the lens (see below). 

3. When so used, to increase the duration of the effect f rom a given 
quantity of drug. 

4 .  When so used, to increase the degree of effect from a given amount 
of drug (see below). 

The first two functions have become rather well-established 
in the past few years; the last two have been of less therapeutic 
value. 

Bullous keratopathy ‘ is the most severe form of corneal 
edema. lts treatment is presented as an example of the first 
two functions of soft contact lenses. The lens acts basically 
as a simple bandage, but has the added valuable quality that 
the ophthalmic solutions, used as drops, can pass through the 
lenses and act on the eye. The pain of bullous keratopathy 
usually is relieved dramatically by the use of the lens as a 
protective shield, as similarly accomplished by the earlier 
hard scleral lenses. Vision may be improved slightly. The 
pain results mainly from the lids rubbing on the bullae, ruptur- 
ing them and exposing corneal nerves. The lenses can be 
worn fulltime, 2 4  hours a day for months, except for removal 
for  cleaning. They may need to  be cleaned only when protein 
deposits build up on them. They should be removed and 
inserted only by a physician. New lenses will be needed as 
the cornea changes in shape. 
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' Compared with hard lenses, use of the soft 'lens is much 
simpler. No moldings of the eye or keratometer readings are 
needed. The iatrogenic aspects of the hard lens have, to a 
great extent, been alleviated by the soft lens. Few problems 
occur on over-wearing the lenses. Usually, no abrasions are 
found. The eyes are white and usuallyvfree of coniunctivol 
infection. As to medicinal agents, because of the concomi- 
tant iritis, pupils must be dilated with cycloplegics for the first 
few days, as by use of atropine. Eyelid hygiene techniques 
are needed. Antibiotics, such as chloramphenicol drops, are 
used if secondary infection or blepharitis is present. -.A 5% 
hypertonic saline solution may he  used to improve vision; the 
patient can use it as often as it is helpful. . 

The conditions for which the use of soft lenses' is apparently 
very helpful and well established are _: . g . 

1. Edema , . 
. a.  Bullous keratopathy 
b Aphakic . 
c. Secondary to glaucoma 
d. Fuchs‘ dystrophy 

4e. Uveitis, etc 
2. Epithelial erosion and defects 

11. U_lcers ‘ . 
b. Chemical burns 
c. Post graft 

3. Exposure 
2.. ‘Neurotropic keratitis‘ 
b. ' Li'd abnormalities 

. 4 .  Irregular cornea ' 
a. Scars ' 
b Dystrophy 

5 Dry eye 
a. Nonprogressive conjunctival clcairlzatlon (Stevens—Johnson syn- 

drome) _ 
b. Sjogren‘ s syndrome 
c. Trachoma 
‘d. Pemphigoid 

Summary 

‘The progress in ophthalmic pharmaceutics and in lens care 
pharmaceutics during the last decade must be considered as 
striking. Very substantial advances'have been made in eph- 
thalmic bioavailability and the factors influencing ophthalmic 
drug absorption. ' New approaches and new techniques have 
confin‘ned (or refuted) many long held tenets of ophthalmic 

formulation technology. Continuing studies in the general 
field of ophthalmic pharmaceutics and pharmacokinetics 
should continue to advance the frontiers of ophthalmic drug 
therapy and ophthalmic drug delivery. 

In the contact- lens and lens-care field one is confronted 
witha plethora of new lenses and lens polymers. Wearing 
time has been lengthened substantially, comfort improved 
and correctable visual defects increased. , By the same token 
the requirements for lens hygiene also have increased. 
Advances in this broad field also show no signs of abating. ~ 
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