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Ophthalmic solutions and ointments

Eyedrops are sterile aqueous liquids, usually
solutions or suspensions of electrolytes and
polymers with additional ingredients. The ophthal-
mic preparations discussed here are designed for
instillation into the conjunctival cul-de-sac and must
be initially sterile. Preparations used to clean or
disinfect contact lenses are not intended for direct
application to the eye. Ophthalmic preparations
usually contain pharmaceutical adjuvants such as
antioxidants, buffers, complexing agents, exci-
pients, preservatives, stabilizing agents, suspending
agents, tonicity agents and viscosity enhancers that
are designed to assist in the formulation or stability
of the product rather than for their therapeutic
effect. The properties of some adjuvants enable
them to perform several functions even though the
specific substance is incorporated mainly for one of
its roles.

The following types of ingredients may be
included in ophthalmic preparations or in products
designed for use with contact lenses:

(1) Adjuvants enhance the action or help delay the
deterioration of the principal ingredients and
include agents such as polyethylene glycol
and povidone (polyvinyl pyrrolidone).

(2) Chelating, complexing or sequestering agents
such as disodium edetate help to remove diva-
lent metal ions and aid the action of preserva-
tives and antibacterials.

(3) Suspending agents! include: aluminum mono-
stearate, aluminum tristearate, carboxymethyl-
cellulose, gelatin, glyceryl monostearate, hy-
droxyethylcellulose, hydroxypropylcellulose,
hydroxypropylmethylcellulose, liquid petrola-
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tum, methylcellulose, polyvinyl alcohol, povi-
done, polyoxyl-40 stearate and propylene
glycol. (See also drug vehicles).

Antioxidants and stabilizers may be thought of
as preservatives because they help to keep the
preparations in its preferred state. The anti-
oxidants inhibit the interaction between oxy-
gen and the active ingredient.! Antioxidants
include: ascorbic acid, isoascorbic acid (ery-
thorbic acid), N-acetyl cysteine, sodium bisul-
fite, sodium metabisulfite, sodium thiosulfate
and thiourea. Epinephrine, phenylephrine,
ephedrine and physostigmine require the pre-
sence of antioxidants. Disodium edetate is a
chelating agent which stabilizes the activity of
antioxidants.2

The purpose of avehicleisto carry thedrug. To
do so effectively in ophthalmic preparations,
the vehicle should be: non-toxic, compatible
with the active ingredients, optically trans-
parent and have a suitable refractive index, pH,
tonicity, viscosity, wetting ability and emol-
liency. The solvent vehicle for ophthalmic solu-
tions is usually aqueous or saline in nature but
often contains some polyethlene glycol, cellu-
lose derivatives, ethyl alcohol, glycerol, isopro-
pyl alcohol, polyvinyl alcohol, and mixtures of
these and other substances. (See also sus-
pending agents).

Excipients are inert substances which are
added to modify the form or consistency of the
preparation and to provide bulk. E.g. carb-
oxymethylcellulose, hydroxypropyl methylcel-
lulose, mannitol.

Buffering agents stabilize solutions against pH
changes which would otherwise be produced
by the addition of acids or bases either from
other drugs or from body secretions. Buffers
by donating or accepting hydrogen ions
enable a solution to resist change in pH when
small quantities of acids or alkalis are added.
As salts the alkaloids and other organic elec-
trolytes have improved stability, better solubility
and cause less irritation when in a slightly acid
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solution.3 Most alkaloid drugs (as the salt) are
100 times more stable at pH5 than at pH7.
Making a solution more alkaline increases the
amount of lipid-soluble, undissociated, alka-
loidal free base. The more alkaline a drug is the
less stable it is but the better it penetrates the
cornea.* To adjust the pH of a solution, hydro-
chloric acid or sodium hydroxide may be
added. The pK indicates the ionization constant
of an acid. A buffer system has its greatest buff-
ering power when its pK equals the pH.

pH = pK + log
concentration of salt

concentration of acid

Acid or Base Salt

acetic acid sodium acetate
CH3;COOH CH;COONa.3H,0
barbital barbital sodium
CgH12N20; NaCgH;1N,03

boric acid sodium borate

H3803 NaQB407.10H20 = bOI’aX
boric acid potassium tetraborate
H;BO, K,B40,.4HO

sodium hydroxide borax

NaOh Na,B,0,.10H,0

Buffers decrease pain, promote drug stability
and preserve the therapeutic action of the
drug5 but for ophthalmic solutions only low
buffering capacity should be sought.3 This
allows the tears to make small adjustments in
pH as required.6 Tears are good buffers be-
cause they contain about 1% protein. Table 1
shows buffer pairs '.7.¢which may be employed
in the make-up of a buffering agent:

Remarks

Acetate buffers are most effective at a pH
of 4 or 5. The pK of acetic acid is 4.8. The
concentration of acetic acid used in
buffers ranges from 0.2% to 1%. Acetate
buffers are incompatible with some other
components.

Barbiturate buffers are used in a few
ophthalmic products.

The concentration of boric acid ranges
from 0.5% to 2.62% and that of borax from
0.05% to 0.41% The pH ranges from 7.4 to
9.0.

Borate buffers are used for solutions of
alkaloidal salts and may be used for salts
of benoxinate, cocaine, phenylephrine,
proparacaine, tetracaine and zinc.®
Borate buffers are not advised for use with
pilocarpine intended for home
application?; use instead a phosphate
buffer with a pH of 6.8.

This combination gives a buffer with a pH
range from 9.3 to 10.1. Borate buffers
should not be used for sodium fluorescein,
sulfonamides,® on other alkaline drugs;
use distilled water instead. Borate buffers
are incompatible with benzalkonium
chloride and should not be used with
alkaline products containing polyvinyl
alcohol as gummy deposits will form on
hard contact lenses. Borate buffers are
preferred for the solutions used with soft
contact lenses.8
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citric acid sodium citrate

C5H807 Na3OGH5O7.2H20.
citric acid potassium citrate

monobasic potassium
phosphate KH,PO,

dibasic sodium
phosphate

sodium phosphate
NaH2PO4

Na,HPO,.12H,0.

(or anhydrous)

Buffers may also be made up with dextrose
(glucose) or disodium edetate.

(8)

Demulcents and viscosity enhancing agents
serve several purposes.! Demulcents are hydro-
philic colloids, they act as “substitutes” for
mucin, they protect and lubricate the ocular
surface which has a mucin layer and they help
to alleviate dryness and irritation.® Because
their molecules assume a particular orientation
and attract water to a surface demulcents
cause surfaces to become more hydrophilic.
Viscosity enhancers help to put and to keep a
coating on the surface of hydrophobic lenses.
Demulcents, being water soluble polymers,
also act as cushioning agents for contact
lens wear and facilitate handling of contact
lenses. Demulcents increase viscosity and are
commonly present in preparations described
as comfort, lubricating or rewetting solutions
for use with contact lenses. Although viscosity
enhancers are water soluable they decrease
the fluidity of the tear film and can lengthen the
contact time of a drug on the eye. However,
the retention time of drugs on the eye is mostly
determined by the rate of tear production. The
viscosity enhancers include several cellulose
derivatives, dextran 70, gelatin and the liquid
polyols including: glycerol, polyethlene glycol
300 or 400, polysorbate 80 ( = Tween 80), poly-
oxyl-40 stearate, propylene glycol, polyvinyl
alcohol, polyvinyl glycol and povidone.10

Wetting agents, like the demulcents, have
some ability to change a hydrophobic surface
(e.g., acontact lens or the cornea) intoa hydro-
philic one. A deficiency of either the aqueous
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dibasic potassium
phosphate K,HPO,

The citric acid concentration may range
from 1%to 2% and the sodium citrate from
0.17% to 0.3%. Citrate buffers are volatile
and can be incompatible with other com-
ponents. The pH range is 3.0 to 6.6.
Citrate buffers are incompatible with
divalent cations.

Phosphate buffers (pH range 5.8 to 8.0)
are suitable for use with most alkaline
ophthalmic drugs e.g. pilocarpine
solutions. 5°

Phosphate buffers decrease the immediate
pain response to pilocarpine.4

Solutions of pilocarpine hydrochloride
or epinephrine bitartrarte at a pH of about
6.8 should be buffered to improve
comfort.9 Phosphate buffers have also
been advised for use with atropine,
ephedrine, homatropine and scopola-
mine.

or mucin layer of the tear film causes a dry eye.
Wetting agents mimic the action of mucin, they
interact with the surface, they orient their lipo-
philic end toward the corneal surface or toward
a rigid contact lens and direct their hydrophilic
end toward the aqueous portion of the tear film.
Wetting solutions may be used with or without
viscosity enhancers. A viscosity enhancer
increases the thickness of the tear film and
acting as a demulcent, helps to make a hydro-
phobic lens more tolerable on the eye. Hard
lenses require a wetting agent when first
placed on the eye each day. Tears contain sia-
lomucin which functions as a natural wetting
agent. Common wetting agents are: polyvinyl
alcohol, povidone, polyethylene glycols, and
polysorbate 80.
Surface-active agents concentrate at surfaces,
these surfactants lower interfacial tension,
have a detergent-type cleaning action and
facilitate corneal wetting but their effect is
short lived (minutes). Surfactants lower the
surface tension of a solution and some improve
the comfort of ophthalmic solutions, they
include:

(a) Anionic agents, e.g., soaps, are effective
cleaners of hard and soft lenses and have
some antibacterial action against gram-
positive and acid-fast bacteria but little
against gram-negative bacteria. The anionic
agents are incompatible with many ingre-
dients, e.g., benzalkonium chloride and
they irritate the eyes,® but have been used
with hard lenses because of the belief that
particles attached to the lens surface are
positively charged so a negatively charged
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cleaner should be effective. The skin
cleanser pHisoHex contains sodium octyl-
phenoxyethoxyethyl ether sulfonate plus
hexachlorophene. It must not contact the
eye.

(b) Cationic surfactants e.g. benzalkonium
chloride have their hydrophobic moiety in
the cation. They can be effective antibac-
terials, but they do not inhibit viruses.
Generally they should not be used with soft
lenses.

(c) Nonionic surfactants are not incorporated
for their antibacterial ability but are useful
as cleaners. They facilitate the cleaning of
contact lenses and do not interact with the
lens material but some have an adverse
effect on the antibacterial activity of pre-
servatives. The poloxamers are nonionic
surfactants.

(d) Amphoteric or ampholytic surfactants may
be useful but their activity depends on the
pH which can shift them toward becoming
anionic or cationic.

Surfactants reduce the size of the drops which are
produced when one squeezes a drop bottle.® Small
drops of medication are more effective than large
drops. Surfactants by lowering surface tension
increase the penetration of drugs into the eye' and
help to solubilize (in micelles) ingredients of poor
water solubility.’2 They are useful because of their
antibacterial activity and their detergent action.
They include: alkyltriethanolammonium chloride,
benzalkonium chloride, benzethonium chloride,
chlorhexidine, myristyl-gamma-picolinium chloride,’
oxyethylene octyphenol, oxyphenol, propanediol,
poloxamer 188, poloxamer 407, polysorbate 80,
polyoxyl-40 stearate and polyethylene glycols.

(11)
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Components whose purpose is to raise the
osmotic pressure of lacrimal fluids need to be
used at a fairly high concentration if they are to
function as ocular hypertonicity agents.! By
increasing the movement of water out of the
cornea they decrease corneal edema.’® For
ophthalmic solutions the eye can tolerate a
tonicity equivalent to that of sodium chloride
solutions ranging from 0.5% to 1.5%. Suitable
tonicity agents are: calcium chloride, dextrose,
glycerol, mannitol, magnesium chloride, po-
tassium chloride and sodium chloride.
Astringents act locally to precipitate protein
and thus help to clear mucus from the eye. Zinc
sulfate and antipyrine are employed. Some
preparations contain an infusion of rose petals
but the usefulness of this infusion is question-
able.

Vasoconstrictors produce transient constric-
tion of the conjunctival blood vessels. The
commonly used vasoconstrictors are: ephe-
drine, epinephrine, hydrastine, naphazoline,

(16)

oxymetazoline, phenylephrine, tetrahydrozo-
line, xylometazoline and possibly zinc sulfate.
More than 350,000 liters of ophthalmic vaso-
constrictors are dispensed each year in U.S.A.13
Rebound hyperemia follows one to four hours
after the application of a vasoconstrictor.

Antihistamines are relatively ineffective hista-
mine antagonists when applied topically. Most
have a little local anesthetic activity. The
following antihistamines are present in some
ophthalmic preparations: antazoline hydro-
chloride (or the sulfate or the phosphate),
chlorpheniramine maleate, pheniramine ma-
leate and pyrilamine maleate.

Ocular anesthetics are rarely present in over-
the-counter preparations but are routinely
applied by eyecare practitioners. Examples
are: amylocaine, antipyrine, benoxinate, co-
caine (rarely), menthol, phenacaine, pipero-
caine, proparacaine and tetracaine. Benzyl
alcohol and chlorobutanol are principally used
as preservatives but have some local anesthe-
tic action and so do some beta blockers and
some antihistamines, e.g., pyrilamine.
Antimicrobial agents inhibit the multiplication
of microorganisms. Whether an antibacterial
agent is bactericidal or bacteriostatic depends
not only on the local concentration of the agent
but on the strain of bacteria, the temperature,
and the presence of other materials as well as
other less important factors. Some antibac-
terials are only questionably effective for
example: boric acid, methylene blue, mild
silver protein, sorbic acid, yellow mercuric
oxide and zinc sulfate. Modern topical anti-
infectives (mostly antibiotics) are more potent
and these include bacitracin, chlorampheni-
col, erythromycin, gentamycin, neomycin and
polymyxin B as well as sulfacetamide and
vidarabine.

Another role for antibacterial agents in these
ophthalmic preparations is the preservation of
solutions.* Here the concept of a preservative
is understood to mean performing an anti-
bacterial role. The purpose of the antibacterial
agent in these ophthalmic preparations is to
inhibit the multiplication of any micro-
organisms that gain entry into the opened con-
tainer. F.D.A. guidelines in U.S.A. require that
the antimicrobial preservative be capable of
reducing an inoculum of 105 to 106 organisms/
ml (S.aureus, P. aeruginosa, A. niger, E. coli
and Candida albicans) to no more than 0.1% of
the initial concentration of viable bacteria by
the 14th day. The concentration of viable yeasts
and molds must remain at or below the initial
concentration during the first 14 days. The
concentration of each test organism must
remain at or below these levels during the
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remainder of the 28 day test period.'s Ophthal-
mic solutions must be sterile when packaged
but become contaminated (2.5% to 44%) when
the bottle is opened.?s Antimicrobial preserva-
tives in the preparation are responsible for
restoring the sterility of the solution in spite of
the entry of a small number of micro-
organisms. The viruses, spores and most of the
fungi are not inhibited by these preservatives at
the usual concentration. To sterilize ophthal-
mic solutions autoclaving is effective against
all these organisms but some solutions cannot
be autoclaved. In many cases the effectiveness
of the antibacterial is enhanced by the addition
of disodium edetate. Most single preservatives
are slow acting and many have a narrow

and

contain no preservatives. The absence of

preservatives is an advantage if the patient is known
(or thought to be) hypersensitive to preservatives.
Of course such preparations must be used once only
and on only one patient. Barkman et al. recommend

not

using preservatives and discarding opened

bottles after two weeks.14

(18)

Claims have been made that some agents
promote wound healing. Examples are: allan-
toin, cod liver oil, eucalyptus oil and Vitamins
A, C, D, and E.

A few ophthalmic preparations include in-
gredients intended to enhance the appearance
or odor of the product but these agents may
have adverse effects on the eye and are very
seldom appropriate for use on the eye.

spectrum. The presence of a preservative in no (20) A collyrium is an eyewash, a sterile aqueous
way diminishes the need for correct technique solution used to irrigate, flush or bathe the
to avoid contaminating ophthalmic solutions. eye. Normally it contains no active ingredients
Preservatives should have little tendency to but it can be effective for removing foreign
induce sensitization, be compatible with the material from the surface of the eye.10 Collyria
other components and be chemically stable.3 generally contain water, sodium chloride and/
Although increasing the preservative concen- or other tonicity agents, buffers and an anti-
tration in an ophthalmic solution increases its bacterial preservative.
ability to inhibit microorganisms the concen- (21) Tear replacements, sometimes called artificial
tration can not be increased to the point where tears, are designed to provide relief of dry eye
the preservative harms the eye. Preservatives symptoms. They may also be employed to
which bind to contact lenses may concentrate lubricate an artificial eye. Tear replacements
there and then be released on the eye and be supplement the available tears or substitute for
harmful. Some preservatives can interact with insufficient tears or improve the quality of the
plastic containers and with plastic lenses. tear fluid. Mucomimetic agents should be more
Preservatives used to maintain sterility of helpful in a mucous-deficient eye and water
ophthalmic solutions include: " 1620 retaining substances (cellulose derivatives) in
(a) Quaternary ammonium compounds (pre- aqueous .deficiencies. .Durati-on of action of
sent in about 40%) include: alkyltriethanol commercial tear substitutes is from 45 to 90
ammonium chloride, benzalkonium chlo- minutes. Several commercial products are
ride, benzethonium chloride, cetrimide marketed, most contain sodium chloride,
and cetylpyridinium chloride. demu-lcents, emollientg, cellulose derivatives,
(b) Mercurials™ 2" 2 (present in about 20%): PASRE el PRSI e e
nitromersol, phenylmercuric acetate, : : .
phenylmercuric nitrate and thimerosal. (22) Some ".’“95 il Sa.'d -t help sreredsy tEar
(c) Alcohols'® (present in about 25%): benzyl production: nbofl;vm 'and _thlamme anq all
alcohol, chlorobutanol, isopropy! alcohol, \iose compgunds Which sid thg synthe3|s of
phenoxyethanol and phenylethyl alcohol. pros.taglar?dln .E‘ n.an'.nely,.ascorblc agld, gem:
(d) Esters of parahydroxybenzoic acid'd. These ma “”°'ef"° agd, IR, oll.grihe-evoning prif-
parabens include methyl, ethyl, propyl and Fose, PytidoRing. and ElNe .
butyl derivatives. They are rarely used (23) Some drugs help'to fetaln lealson the cys.
alone and are not very effective against (a) Cellulose derivatives (carboxymethyl, hy-
bacteria but better against fungi. draxyetivl; hydroxymethiyl, hydroxyprq-
(e) Other antibacterial preservatives are: boric pyl,. hydroxypropylmethyl and methyl deri-
acid, camphor, chlorhexidine, chlorocre- vatives).
sol, disodium edetate, methylene blue, (b) dextran
parachlorometaxylenol, picolinium chlo- (c) glycerol, glyceryl monosterate
ride, polymyxin B sulfate, salicylic acid, (d) polyvinyl alcohol
silver protein, sodium benzoate, sodium (24) Suspensions by definition consist of solid

borate, sodium perborate, sorbic acid and
zinc sulfanilate.

undissolved microparticles in a liquid or in a
semi-solid such as an ointment. They have the

Some ophthalmic products are packaged in unit-
dosage format. They are sterilized in the container

advantage of prolonged action and the
disadvantage of irritation produced by the
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larger particles.® Particles should be less than
10 um in size to minimize irritation. Suspen-
sions in liquids must be shaken before use.

Cleaning solutions for hard and soft contact
lenses.24 All solutions to which contact lenses
are exposed have some ability to alter lens
parameters such as thickness, cyrvature,
wettability, power and diameter. Cleaners tend
to be more effective in alkaline solutions and in
hypertonic solutions. Cleaning solutions should
not be viscous. Cleaners are likely to cause
discomfort if they contact the eye directly.
Cleaning agents may contain any of the
following:

(a) Surfactant molecules have a polar hydro-
philic end which is attracted to hydrophilic
material and a nonpolar, lipophilic portion
which becomes attached to lipid material.
Surfactants clean soft lenses more easily in
a hypertonic solution. (See earlier section
on surface active agents). Daily cleaners
usually contain surfactants.

(b) Enzymatic cleaners {(periodic cleaners) will
remove protein and lipid deposits which
surfactants will not and include:
pancreatic enzymes —
protein specific enzymes — papain. (See
also lactose)
lipid specific enzymes — lipases. Lipids
may also be removed by isopropyl alcohol.
Residues of enzymatic cleaners have
caused sensitivity reactions when allowed
to contact the eye.

(c) Oxidizing agents are usually effective
cleaners and disinfectants for hydrogel
lenses but can damage some contact
lenses and will irritate the eye if allowed
to contact it. The available types are:
peroxides — hydrogen peroxide or sodium
peroxide
peroxy salts — sodium perborate
chlorine releasing — sodium hypochlorite

(d) Chelating agents help to remove ionic
materials.

Soaking and storage solutions.

These solutions keep the lens in a hydrated
state thereby allowing the lens to retain its
specified curvature and thickness and they
prevent tear film contents from drying on the
lens surfaces. Storage solutions must contain
an appropriate antibacterial agent or agents.
Soaking solutions are used with hydrogel
lenses and with hard lenses.

Rinsing solutions are always used with
hydrogel lenses. Some advise using a fresh
application of the same solution that was used
for soaking the lenses but others recommend
use of a solution with less preservative,

otherwise too much preservative may be
transferred to the eye.

Ophthalmic ointments are sterile preparations
in a semi-solid dosage form. The ointment
serves as a vehicle, lubricant and cushioning
agent in which active medicinal substances
may be suspended. The non-polar compo-
nents of ointments facilitate the adsorption of
the ointment to the cornea. Ointments are
likely to contain complexing agents which aid
in product formulation. Typical ointment
adjuncts are lanolin and the polyethylene
glycols. Lanolin absorbs water and thus helps
to retain water-soluble drugs in the ointment.
The ointment bases consist mostly of white
petrolatum (about 60%) and mineral oil (about
40%) and these act as lubricants and emo-
llilents. Emollients in ointments soften tissues
and protect them by preventing drying and
cracking. They either supply moisture to a
tissue or act as a moisture barrier to inhibit
evaporation. The emollients consist of fats,
waxes or oils and include: oleaginous prepara-
tions, beeswax, oils, white ointment, white soft
paraffin (i.e. bleached petrolatum), petrolatum,
white wax and lanolin. Ointments blur vision
transiently when applied to the eye. Contrary
to earlier reports ophthalmic ointments in
small doses do not inhibit corneal healing,?5
although they do reduce tear break-up time
(BUT).26 Ointments increase ocular contact
time due to their viscous nature.27-22 Qintments
typically remain on the eye at least 3 times as
long as saline solutions. One way to avoid
some problems is to use aqueous solutions for
daytime application and an ointment for
nighttime application.

In the United States, the Food and Drug
Administration (FDA) has compiled a list of
hundreds of Inactive Ingredients for Approved
Prescription Drug Products.30 The length of
this list emphasizes that it may not always be
the “active” ingredient in a preparation that is
responsible for an unwanted reaction.

Acknowledgement

This study was supported by agrant from the
Canadian Optometric Education Trust Fund.

References

Uls

Lamy PP, Shangraw RP. Physico-chemical aspects of
ophthalmic and contact lens solutions. Am J Optom Arch
Am Acad Optom 1971; 48:37-51.

Swanson AA, Jeter DJ, Tucker P. 1l Comparison of ointment
and polyvinyl alcohol 1.4%. Ophthalmic vehicles. Ophthal-
mologica 1970; 160:265-70.

Murphy JT, Allen HF, Mangiaracine AB. Preparation, sterili-
zation and preservation of ophthalmic solutions. Arch
Ophthalmol 1955; 53: 63-78.

Canadian Journal of Optometry/Revue Canadienne d’Optométrie Vol. 47 No. 4



14.

18

16.

17.

Riegelman S, Vaughan DG Jr. A rational basis for the
preparation of ophthalmic solutions. Surv Ophthalmol
1958; 3:471-92.

Riegelman S, Sorby DL. EENT medications. In Dispensing of
Medication. 7th ed. Martin EW, ed. Easton PA: Mack
Publishing Co, 1971; 880-908.

Kay JE. Supplying data relating to contact lens solutions.
Ophthal Opt 1982; 22:530-7.

Lum VJ, Lyle WM. Chemical components of contact lens
solutions. Can J Optom 1981; 43:136-51.

MacKeen GD, Bulle K. Buffers and preservatives in contact
lens solutions. Contacto 1977, 21(6):33-6.

Deardorff DL. Ophthalmic preparations. In Remington’s
Pharmaceutical Sciences 16th ed. Osol A et al, eds. Easton
PA: Mack Publishing Co, 1980; 1498-517.

Department of Health Education and Welfare. Ophthalmic
Drug Products for Over-the-Counter Use. Part II. Federal
Register 1980; 45:30001-50.

Marsh RJ, Maurice DM. The influence of non-ionic deter-
gents and other surfactants on human corneal permeability.
Exp Eye Res 1971; 11:43-8.

Green K, Downs SJ. Prednisolone phosphate penetration
into and through the cornea. Invest Ophthalmol 1974; 13:
316-9.

Abelson MB, Yamamoto GK, Allansmith MR. Effects of
ocular decongestants. Arch Ophthalmol 1980; 98:856-8.
Barkman R, Germanis M, Karpe G, Malmborg A-S. Preserva-
tives in eye drops. Acta Ophthalmol 1969; 47: 461-75.
Gardner SK. Thimerosal ophthalmic preservative. Optom
Mon 1982; 73:631-5.

Kreiner CF. Biochemical aspects of ophthalmic preserva-
tives. Contacto 1979; 23(11):10-4.

Krezanoski JZ. Contact lens products. J Am Pharmaceutical
Assoc 1970; NS10:13-9.

18.

19,

20.

21,

22.

23.
24.

25.

26.

27.

28.

29.

30.

Lawrence CA. Chemical preservatives for ophthalmic solu-
tions. Am J Ophthalmol 1955; 39:385-94.

Mullen W, Shepherd W, Labovitz J. Ophthalmic preserva-
tives and vehicles. Surv Ophthalmol 1973; 17:469-83.

Zand LM. Review: the effect of non-therapeutic ophthalmic
preparations on the cornea and tear film AustJ Optom 1981;
64:44-70.

Abrams JD, Davies TG, Klein M. Mercurial preservatives in
eye-drops: Observations on patients using miotics contain-
ing thimerosal. Br J Ophthalmol 1965; 49:146-7.

Binder PS, Rasmussen DM, Gordon M. Keratoconjunctivitis
and soft contact lens solutions. Arch Opthalmo/ 1981; 99:
87-90.

Shreeve CM. Treating the dry eye. Ophthal Opt 1982; 22:
650-2.

Sibley MJ. Cleaning solutions for contact lenses. Int Contact
Lens Clinic 1982; 9:291-4.

Hanna O, Fraunfelder FT, Cable M, Hardberger RE. The
effect of ophthalmic ointments on corneal wound healing.
Am J Ophthalmol 1973; 76:193-200.

Norn MS, Opauszki A. Effects of ophthalmic vehicles on the
stability of the precorneal film. Acta Ophthalmol 1977;
55:23-34.

Scruggs J, Wallace T, Hanna C. Route of absorption of
drug and ointment after application to the eye. Ann Ophthal-
mol 1978; 10:267-71.

Fraunfelder FT, Hanna C. Ophthalmic ointment. Trans Am
Acad Ophthalmol Otolaryngol 1973; 77:467-75.

Shell JW. Pharmacokinetics of topically applied ophthalmic
drugs. Surv Ophthalmol 1982; 26:207-18.

Brown, J.L. Incomplete labelling of pharmaceuticals: A list
of “inactive” ingredients. New Eng J Med 1983, 309:439-41.

Optometrist/Professional Services Co-ordinator

A large multi-national manufacturer of contact lenses requires a full time Optometrist to:

1. Co-ordinate clinical investigations.

Co-ordinate conventions and speaker timetables.

2
3. Plan and execute Graduate School programmes.
4

Conduct product knowledge training seminars.

Requirements:

e Must be a licensed Optometrist

® At least 3 years experience in the Practice of Optometry.

® Bilingual an asset

® Flexible to travel

® Must possess excellent communication and public speaking skills.

Interested applicants may submit their resumé in confidence to:

Dept. 262

7305 Woodbine Avenue
MARKHAM, Ontario
L3R 3V7

December/décembre 1985

169



