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INTRODUCTION

Ophthalmic preparations are specialized c]nsaé.c forms du;)ﬁ,mi{i
to be instilled onto the external surface of rlxlc eve Em!m(,.t ‘,.-m‘

ministered inside the eye (intraocular) or ilL!_|JiUL']IlI w |l‘ per |ﬁ1<.]-
ular, e.g., juxtascleral or subtenon), or used in cml_;l.mugm? \\11t \
an ophthalmic device. The latter in.clmic I"“"P“.!'flllr_m: 'u.:u‘:]]'u:—
conjunction with surgical hnp!mmmuq txucl} as an m. 1:.;(},) Il

lens) and dry eve formulations compatible \\'Il|1‘=! ;3}!rtpf.il app |-‘
ance (e.g., a punetal plug), and extends to a \'z’n'wt_\ r.JI hf}fm.“n*
used in the maintenance of contact lenses. icl pwp.u].!tln'm\s
may have any of several purposes (e.8., lhur;l[)cunu, prop 15-114#-‘
tie, or palliative for topically administered .:l}:tﬂlh! hylt m_t lltlLi
mechanical, chemical, and biochemical actions of agaifh.l ufur
in the care of ocular appliances and tissue |:ru|)l?yf;|,\]m d :mlmqi
or following surgery. Because of the dangers :mrlﬂ_)cultet Wl{.l t 1:.1
administration or repetitive :ululinisn-a:iclm of n}lr:lc.‘;culaltl ;‘nTc
perioeular preparations, their suitability is restricted to thera-

pentic ¢ ications or surgical adjuncts. )
IL'lli;::- \IE;.!-!,I: ilflin- of dosage forms UI'c>j)]|[|‘lz’l|lllicli‘ll‘(.'p:u:;ltmns
allows the elinician to choose the form maost h‘ll!tf.lhk_‘ for the
function desired. Therapentically active I(}rmul.-lr.mm can fhl-f
designed o provide extended action for convenicnee or for
reduction in rigk of reperitive administration, improved bio-
availability of the agent, or improved tlcli\'ur}.' wa mrgcu,:(l
tissue. The residencee of an ocular preparation c:}11.r:11}gt’
from the few seconds necded for tears to clear an irritating
substanec; to hours for a sel, a gel-forming solution, or an
ointment; to months or years for an in(r;nm_mlur or pcrmm:l,
lar dosage form. A preparation may hu- strictly tllu[;u)cuﬂc
or may serve in prophylaxis. The latter includes surgical ad-
‘muc(s‘ to maintain the health of I'[".'l;iile cells, and postsurgical
or post-trauma preparations tius:;jlxu.:d to prevent or 1.'0<I|1u_-
the likelihood of infection. Another form of prophylaxis, one
for 4 device, is the antisoiling function provided by some con-
tact lens solutions, -

Ophthalmic preparations ar similar to parent i ‘
forms in their requirement for sterility as well i unnsldcr:tnln:‘m
for osmaotic pressure ( tonicity ), preservation, tissue u.rlmp:mh;l,
itv, the avoidance of pyrogens in intraocular dosage forms, par-
ticulate mateer, and suitable packaging.

I dosage

SUBCONJUNCTIVAL INJECTIONS

RETROBULBAR INJECTIONS 977

PREPARATION 977

PHARMACY COMPOUNDING 978

STERILIZATION 978

OPHTHALMIC PREPARATION CHARACTERISTICS @&
PACKAGING 927

ANTIMICROBIAL PRESERVATIVES 022

OTC PRODUCTS FOR DRY EYE

CONTACT LENSES AND THEIR CARE 925
GUIDELINES FOR SAFETY AND EFFICACY TESTING 928
SUMMARY

Topical therapeutic dosage forms have customarily been
restricted to solutions, suspensions, and ointments. But with
advances in materials science, the range of ophthalmic dos-
age forms has expanded significantly to include gels, either
preformed or spontaneous gels responsive to the ocular envi-
ronment, and ocular inserts, both forms reducing dosage fre-
quency. These are most often multidose products, containing
suitable preservative(s) to meet compendial preservative effec-
tiveness test [e.g., US Pharmacopeia (USP),2 European Phar-
macopocia,® or Japanese Pharmacopocia®| requirements.
Now, however, single-dose units (also referred to as unit-dose
produets) that are preservative-free preparations have become
available, generally packaged in form-fill-scal plastic containers
with 0.25mL to up to 0.8 ml, have become available. These
unit-dose containers are designed to be discarded after a single
use or after a single day’s use if the container has a reclosable
feature and the product is so labeled.

Injections and implants have been developed for intraocu-
lar drug deliver Irrigating solutions and viscoclastie gels are
available specifically for adjunetive use in ophthalmic surgery.
Specialized formulations are now available for use in the care
of contact lenses, The designs of these preparations, meeting
all of the requirements for safety, cffi ey, component compat-
ibility, rissue aceeptability, storage, shipping, and shelf-life, are
beyond the scope of this review, Nonetheless, a deseription of
the requivements and the designs for some of these formula-
tions should be illustrative and didactic,

From a historical perspective, preparations intended for
treatment of eye disorders can be traced to the writings of the
Egyptians, Greeks, and Romans. In the Middle Ages, collyria
were referred to as materials that were dissolved in water, milk,
or ¢gg white and used as evedrops. One such collyrium con-
tained the mydriatic substance belladonna to dilate the pupils
of milady’s eyes for cosmetic purpose.

From the time of belladonna collyria, ophthalmic technology
progressed ar a pharmaceutical snail's pace until after World
War 1L Before World War 11 and into the 1950s, ophthalmie
preparations were mostly compounded by the pharmacist for
immediate use. Not until 1953 was there a legal requirume'l:-.b.y
the US Food and Drug Administration [i:‘l)a\) that all IIHI::SH::‘:'
tured ophthalmic solutions be sterile. The range of medicin:

Eyenovia Exhibit 1046, Page 3 of 25

907



908 PHARMACEUTICAL DOSAGE FORMS: MANUFACTURING AND COMPOUNDING

agents to treat eye disorders was limited, as was the state of
eye surgery and vision correction, which was limited to eye-
glasses. In the past 50 years, a modern pharmaceutical indusery
specializing in ophthalmic preparations has developed to sup-
port the advances in diagnosis and treatment of eye diseases, in
eve surgery, and in contact lens design and use. Beeause of the
variety of ophthalmic products readily available commercially,
the pharmacist now is rarely required to compound a patient’s
ophthalmic preseription. More important, however, is that the
pharmacist appreciate even subtle differences in formulations
that may impact efficacy, comfort, compatibility, or suitability
of a preparation for particular patients

Currently and in the future, in addition to the advances in dos-
age-form technology, drug molecules will be designed and opti-
mized specifically for ophthalmic application. New therapies may
become available for preventing blindness caused by degenera-
tive disease — including age-related macular degeneration (AMD),
macular edema, and diabetic retinopathy. Biotechnological prod-
ucts may also become available to treat causes of multifacrorial
eye disorders like glaucoma. Such specialized therapeutic agents
also will require earefully designed and compatible dosage forms.

Because dosage forms are fashioned to complement the re-
quirements of the therapeuric agent, and the latter are selected
for their action upon particular tissues so as to modify their
function, we will now turn to a description of ocular tissues and
their physiology.

ANATOM D PHYSIOLOGY OF THE EY

In many ways the human eye is an ideal organ for studying
drug administration and dispesition, organ physiology, and
function. Unlike many bodily organs, most of its structure
can be inspected without surgical intervention. Its macro-
scopic responses can be investigated by direet observation.
Its miraculous function, so intricate and complex, convert-
ing a physical electromagnetic stimulus into a chemical sig-
nal that is coupled to distant neurons for signal processing
by an electrochemical wave, is detectable by sensitive instru-
ments attached to external tissues. The basis for the funetion
and protection of this important organ that links humans to

Pupillary sphincter
muscle
Iris

Anterior
chamber

Epithelium

Bowman's
membrane

Stroma —f
Descemet's
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Figure 43-1. A cutaway horizontal section of the eyeball, illustrating the important anatomic struetures
cally, The different lavers of the cornean are illustrated in the magnified view. Relative
: wer than one inch. (Courtesy, Aleon Laboratories, Ine., Fort Wortl, TX).

a miature eveball is senerally slightdy &

their external environment is the tissues composing it e
structures to be deseribed are illustrated in Figures 43-1 [;;
43-3. Figure 43-1 provides a horizontal section of the "'yb.‘b:.lﬁ
identifving the major structures and their i
Figures 43-2 shows in greater detail the a y
eye and eyelids, in vertical seetion, emphasizing some ol thL_
structures associated with tear apparatus.® Figure -1.3:‘1 D-".1.|'
phasizes the flow of tears into the nasal structures.® This Im".
introduction will focus on the anatomical structures ComMPOY
ing the eye and their function.

EYELIDS

Eyelids serve two purposes: mechanical protection of the .’-‘-l"]’:'_
and creation of an optimum miliey for the cornea. The A0
surfaces of the evelids and the outermost surfaces of the c)’;;
are lubricated by the tears, a composite of seeretions [rom h;’f r
lacrimal glands and specialized cells residing in both the Iml.'}‘_lc
(eovering the selera) and palpebral (covering the inner :.-nrt.u..
of the lids) conjunctiva. The antechamber has the shape ¢ 4
narrow eleft dircetly over the front of the eyeball, with i‘“ckcﬁ
like extensions upward and downward. The pockets are €4 0
the supcrior and inferior fornices (vaulis), and the entire spm,aé
the conjunctival cul-de-sac, The elliptical opening between © ‘.‘;
eyelids is called the palpebral fissure, and the corner of the €Y€
where the eyelids meet are the canthi.

OVERVIEW OF STRUCTURE AND
FUNCTION OF THE EYEBALL

Structure

The eyeball is housed in the bones of the skull, joined 0 for
an_approximately pyramid-shaped housing for the eyeb? )
called the orbit. The wall of the human eyeball (bulbus, globe
is composed of three concentric layers that envelop the B2

and lenticular core.7 ‘

nterrelations E
jor portion ol the

m

OUTER FIBROUS LAYER

The outer seleral layer is tough and pliable but only ’*li-ﬂ'hfl?
elastic. The anterior third is covered by the conjunctiva, 8 clui:'é
transparent, mucous surface. The most anterior portion of [I 5
outer layer forms the cornea, a structure so regular and ™

Lateral rectus muscle
Sclera

Fovea centralis

Optic disk

Central retinal artery

Central retinal veil

Medial rectus muscle

. rgmati-
jagrom® ¢

and their inteirelationships ¢ 2
cir interrelationshiy ameter

§ are suggestive and not proportional. The di
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Figure 43-2, The front half of the eye, in vertical _\L{.llt)ll.llLll.lltlr}‘IIllL
the important structur sociated with cornen and i_lu.- front of the
eye, including the eyelids and the glands associated with tears.
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Figure 43-3, The structures associated with the tears and lacrimal
flow and aceess 1o the nasolacrimal system.

Water content so ecarefully adjusted that it acts as a transpar-
ent window. It is devoid of blood vessels. Over the remaining
two thirds of the globe, the fibrous collagen-rich coat is opague
(the white of the eve) and is called the selera, It contains the
Microcireulation, which nourishes the tissues of this anterior

segment, and is usually white exeepr when irritated vessels be-
come dilated.

The cornca, slightly thicker than the selera and rang-
ing in thickness from 500 micrometers to 1 mm, consists of
five identifiable layers. Proceeding from the most anterior
laver, these are the hydrophobic stratified squamous epithe-
lium, which is underlaid by the Bowman membrane, then
the stroma and the Descemet membrane, and then the in-
nermost laver, the endothelium, The stroma is a hydrophilic
elastic nerwork of highly organized conneetive tissue and is
the thickest layer of the cornea. The fibrous collagen-rich
Descemet membrane separates the stroma from the single
squamouns-cell layer of endothelium, the location of the pump
that keeps the cornea in its relatively debydrated, transpar-
ent state. The cornea functions as a bilayer barrier, with the
hydrophobic epithelium as the primary barrier to hydrophilic
molecules and the hydrophilic stroma as the primary barrier
to hydrophobie molecules. A schematie drawing of the cornea
is provided in Figure 43-1 and its relation to other anterior
tissues in Figure 43-2.

MIDDLE VASCULAR LAYER

The middle vascular layer, or uvea, provides nourishment to
the eye and consists (from the back of the cye to the front) of
the choroid, the ciliary body, and the iris. The choroid con-
sists of a pigmented vascular layver, colored by melanocytes
and traversed by medium-sized arteries and veins, with the
chorioeapillaris containing a network of small vessels that
nourish the neural retina, The ciliary body contains muscles
that control the extension of the lens, allowing visual ae-
commodation, as well as the ciliary processes that secrete
aqueons humor into the posterior chamber to maintain the
intraocular pressure (IOP) that, in turn, keeps the eyeball
fully expanded. The pigmented iris is a ring of muscular
tissue around the pupil, a round centrie hole thar acts as
a variable aperture to control pupil diameter and, thereby,
the level of light entering the eye. The canal of Schlemm,
one of the important paths for outflow of the aqueous humor,
resides in the angle of the iris. Bruch’s membrane separates
the choroid from the retina.

NEURAL RETINA

This innermost layer of the eveball is a complex tissue that
supports the harvesting of light through the collective action
of photoreceptors and nerve cells specialized for distinguishing
white from black (rods) or for discerning color {eones). In ad-
dition, the retina consists of eells that support metabolism (like
the heavily pigmented retinal pigmented epichelium, which
purges photoreeeptors of spent molecules and metabolites, and
regencrates the eis-retinal), provide structure (astroeytes and
Miiller cells), or contribute to the primary function of photo-
detection/signal processing (the ganglion cells that begin to
process the electrochemical information transmitted from the
photoreceptors).

OCULAR CORE

Within the globe, the erystalline lens spans the interior fluid-
filled center elose to the iris and is anchored by zonule fibers
to the ciliary body. The lens is composed of a single layer of
replicating epithelial cells that, with age, flaten into layers of
long, thin erystalline-filled lamellar fibers. The lens is the only
tissue in the body that retains all eells ever produced, a fact that
contributes to age-related alterations in size, clarity, and exten-
sibility. A tough, thin vransparent membrane called the capsule
covers the outermost laver of the lens.

The aqueous and vitreous humors are interposed between
the solid structures of the eye. The elear, fluid aqueons humor
fills the globe anterior to the lens and is primarily responsible
for maintaining correet 10P, The gel-like vitreous humor ac-
counts for most of the weight of the eyve and resides posterior to
the lens, in direct contact with the retina,
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FUNCTION

The eyeball houses the optical apparatus that causes the for-
mation on the neural retina of inverted, reduced images of the
outside world.

Dimensional Stability

DIMENSIONAL STABILITY

The optical function of the eye calls for ‘smhility of its dimen-
sions, which is provided partly by the fibrous outer coat but
more effectively by the intra ocular pressure (10P), which ex-
ceeds the pressure prevailing in the surrounding tissues. This
IOP is the result of a steady production of specific fluid, the
aqueous humor, which originates from the ciliary processes
anterior to the lens and exits the eye by an intricate system
of outflow channels. The resistance encountered during this
passage and the rate of agueous production are the prineipal
factors determining the level of the IOP. In addition to this hy-
dromechanical funetion, the aqueous humor acts as a carrier of
nutrients, substrates, and metabolites for the avascular tissucs
of the eye, '

OPTICAL PATITWAY

The optical pathway consists, in sequence, of the precorneal
tear film, the cornea, the aqueous humor, the pupil, the crys-
talline lens, the vitreous humor, and the retina. The chief re-
fraction 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). After traversing
the cornea, light passes through the clear agueous humor to the
pupil, where the amount of light entering the eye is regulated
by the pupillary diameter, and to the second refractive element
of the eye, the lens, whose variable focal length allows objects
both near and far to be brought into focus (accommodation).
The shape of the lens, controlled by the muscles of the eiliary
body, refracts and focuses the reduced inverted image on the
retina, That image is sharp and clear, in part because of the high
transparency of the vitreous humor, which, heeause of its gel-
like state, keeps debris and cells from entering the pathway for
the light. The image formed by the electromagnetic light signal
on the neural retina is converted to a chemical signal, chang-
ing cis-retinal to trans- retinal, which in turn is processed by
neural cells into an electrochemical signal trans-ported through
axons to central nerve cell bodies. Continuous maintenance
of the photoreceptors and neural tissues in a state capable of
supporting the conversion of the excitation associated with a
retinal image to processable information is integral to the fune-
tioning of the retina and is the reason retinal tissue is among
the most rapidly metabolizing tissues in the body. The depen-
denee of the neural retina on the metabolie support provided
by the underlying cell layer, the retinal pigmented epithelium,
explains why damage to the tissue—such as detachment of the
retina or diminished blood supply—can result in nearly imme-
diate and permanent loss of vision.!!

TISSUES RESPONSIBLE FOR REFRACGTION
Any alteration in the shape or transpareney of the cornea inter-
feres with the formation of a elear image; therefore, any patho-
logical process, however slight, may interfere seriously with the
resolving power or visual acuity of the eye, Transpareney of the
cornen is largely attributable to its organized laminar arrange-
ment of cells and fibers, and the absence of blood vessels, The
normal cornea possesses no hlood vessels except at the selero-
corneal junetion, the limbus, The cornea must therefore derive
its nutrition by diffusion and must have certain permeability
characteristics: it also receives nourishment from the fluid cir-
culating through the chambers of the eye and from the air. That
the normal cornea is devoid of hlood vessels is an important
feature in surgical grafting. S
Cloudiness of the cornea may oceur ds i result of th.‘ac:,sc
sure in the evehall, a symptom associated with

(L.g., exouss pro

glaucoma); the presence of sear tissue due to injury or infec-
tion; or deficiency of oxygen or excess hydration, such as may
oeeur during the wearing of improperly fitted contact lenses.
A wound of the cornea may heal as an opague patch that can
he a permanent impairment of vision unless it is located in the
periphery of the cornea,

The corneal nerves do not supply all forms of sensation to
the cornea, but pain and cold are well supplied. The pain fibers
have a very low threshold, which makes the cornea one of the
most sensitive areas on the surface of the body. It now is agreed
that the cornea possesses a true sense of touch: nerve endings
supplying the sensation of heat appear to e 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 dis-
cases of the cornea that occur exogenously. A means of deteet-
ing abrasions on the corneal surface is afforded by staining the
cornea with sodium fluorescein. Any corneal abrasion is sub-
jeet to infeetion. :

As with the cornea, any change in the transparency of the
lens as a result of age or disease can significantly affect visual
clarity. Loss of flexibility of the lens can reduce visual accom-
madation and cause difficulty in foeusing on near objeers. Also,
upon aging or as a result of trauma, the lens may generate opac-
ities caused by the oxidation and cross]inltill;‘,bf lens proteins.
When cataract surgery is required to restore elarity to cloudy
vision, the natural lens is removed and replaced by an artificial
one. The capsule, though, is preserved so that it can provide
seaffolding for the implanted synthetic intraoeular lens.

Lacrimal System

The conjunctival and corneal surfaces are covered and lobri
cated by a precorneal tear film, a fluid seereted by the conjunc:
tival and laerimal glands. ! The clear, watery seeretion of the
lacrimal gland, delivered through a number of fine ducts into
the conjunctival fornix, contains numerouns salts, glucose, other
organic compounds, and approximately 0.7 percent protein, in-
cluding the enzyme lysozyme. Small accessory lacrimal glands
are situated in the conjunetival fornices, The tear film, compat-
ible with both aqueous and lipid ophthalmic [)rcl){tr;ltil)liﬁ» is
composed of a thin outer lipid layer, a thicker middle aqueous
layer, and a thin inner mueoid layer. It is renewed during blink-
ing and, when blinking is suppressed, may dry in patches. 1t
seems to be unaffected by the addition of concentrations of up
to 2 pereent sodium ehlaride to conjunctival fluid. A pll helow
4.00 or above 9.0 causes derangement of the film. The film af-
fects the movement of contact lenses and forms more casily on
hydrophilic than on hydrophobic prostheses.

The innermost muein protein layer of the film is especially
important in maintaining the stability of the film and is postu-
lated to be held in place by the microvilli of the corneal epithe-
lial cells. Sebaceous meibomian glands of the eyelids secrete an
oily fluid that forms the outer layer of the tears, helps to pre-
vent overflow at the lid margin, and reduces evaporation from
the exposed surfaces of the eye.

Spontancous blinking replenishes the fluid flm by pushing
a thin layer of fluid ahead of the lid marging as they come to-
gether, 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 casily, thus permitting rapid opening and closing
of the palpebral fissures, at veloeities of tens of centimeters per
second. The movement of the eyelids includes a narrowing o
!l?u palpebral fissures in a zipper-like action from lateral to me-
dial ‘-'"“_ﬂm“- This aids transport or movement of fluid toward
(h"-"h"-‘“m"ll lake and elimination of unwanted contaminants.

Tears are drained from the laerimal lake through two small
openings, the superior and inferior puneta, which drain
into conneeting small wbes, the lacrimal canaliculi, whieh
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themselves join at the common canaliculus that lr':ads into Fhe
upper part of the naselacrimal duct, the beginning o_{ w]uch.
is the lacrimal sac, as shown in Figure 43-3. The drainage of
tears into the nose does not depend merely on gravity. Fluid
enters and passes along the lacrimal canaliculi by cupj]!ar_v ac-
tion, aided by aspiration resulting from contraction of muscles
embedded in the eyelids, and by peristalsis in the muscles near
the canaliculi. When the lids close, as in blinking, contraction
of the muscle causes dilatation of the upper part of the lauri.nml
sae and compression of its lower portion. Tears 2IH[)iFE}[GL| into
the sac are forced down the nasolacrimal duet toward its apen-
ing into the nose. As the lids open, the muscle .rcilalxus. The up-
per part of the sac then collapses and forces fluid into Ih.D {0}ver
part, which at the same time is rclcusc{! from complc:&.ﬁmln.
Thus, the act of blinking exerts a suction force-pump action in
removing tears from the lacrimal lake and emptying [hl’.!l.l] into
the nasal cavity. Lacrimation is induced reflexively I')g' ::;llmul:i-
tion of nerve endings of the cornea or copjuncyi\'zl. This reflex
is abolished by anesthetization of the surface of the eye and by
disorders affecting its nerve function. ) '

The normal cul-de-sac is maintained t'rcf: of pathogenic or-
ganisms in part by the chemical action of cnzymes, :-'ulch.ag
lysozyme, which normally destroy saprophytic organisms with
limited action against pathogens, and in part by t‘ht‘ continuous
physical flow of normally sterile seeretions, which cu{astnntly
wash the bacteria, dust, ete., away from the eye down into t-]]e
nose. In certain diseases or upon aging, the hlcrnmll‘gland, .hlte
other glandular structures in the body, may undergo 1':1\'?111uc‘>1‘1:
with the result that the lacrimal fluid ht:mnﬂeﬁ sc.‘fmt)lp Llil:!l’l‘{.,{-,:\
in the conjunetival glands may lead to alteration in the (2.](|]‘:Il..-
ter of the seeretion, so that quality as well as quantity of tears
srmal, This can lead to symptoms of dryness, burn-

may be abne : ! 9
1 eral discomfort, and vltimately may interfere with

ing, and gen
visual acuity.

Summary .
This brief overview of the structure .:md function :’af Itw-. w:i
should provide a basis for understanding the hlgh;l'-v.muigl,d-“

tissues comprising this miraculous organ and suggest 1'1.1. uin-.
portance of providing medications that in no way mfp‘n‘r.t he
balanee of functions required for maintaining normal function-

ing of the eye.

BIOAVAILABILITY

THERAPEUTIC TARGETS

ioavailabili f pharmacological agents he oc
I]fqlr”::z:::ln:lrll}xll!:.-ti::{'!:physinlngy Tust dism‘msud. I{ut‘ ])-ioﬂ\’if!kthl,ll(}’
also is controlled by physical constraints and tissue h‘l'“\?!;]?nl;
istry (to be discussed in [11(.; next .-mhsccugns)s, by ‘;}h)’.:;(..ld.d;‘l ,
chemical characteristics of the therapeutic &l‘,l_,unts:, and by .[‘ e
rions by which they arc presented, The lmlmvmlnhaluy
and potential efficacy of an agent also are (!L‘*[cr.nu‘n‘m: hi)' the
therapeutic targets, which are gnw-.-rmlav.l_ l‘ly_‘.ll.h(ﬂl:\l: etiology.

Por example, treatment of a supc_:rhcml l}ll‘CCtI()l‘l of the cof—.
nea, while possibly requiring s‘usgumcclj delivery t‘)tem»lhlc ltfs::
frequent administration of mlfmucmhml lhcm]?y, (o(-.::\ ‘IIUIE in-
volve special considerations of corneal pernwmum..c:r access o
the target tissue, In this circumstance, produet design might be
direeted toward the reduetion of any corneal or s_u[crul trans-
port, in that these would be rcgm'ded_ as drug lost !rum‘tvhc Lar-
&;itc. On the other hand, a rucn[clf:l‘?.tl'll case ui} uveitis may
hoth topical and systemic mlm|mstr=i.n.(m of anti-inflam-
matory agents so as to eliminate the condition. In this case,
however, transport to the uvea, an mtc?'ml] sue, is desirable,

Chronic discases associated with aging, like glancoma, may
be amenable to routine administration of a topical medica-
tion, The target, however, may be determined by the particular
mechanism for treating the disease. For instance, a drug influ-
encing the generation of aqueous humor may target the iris

dictated by the ocu-

prepara

get
require

911

ciliary body, whereas a drug influencing the outflow of aqueous
humor might target the trabeeular meshwork that opens into
the canal of Schlemm, The inherent characteristics of the drug
also will determine, in part, any need for sustained delivery. In
general, a lipophilic agent will be absorbed readily into the lipo-
philic corneal epithelium, whereas an ionic or hydrophilic agent
will be absorbed more slowly. But corneal permeation may still
be a significant barrier to delivery at the target tissue even for
a lipophilic drug, because transport through the largely aque-
ous stroma is still required, The capacity of the epithelium for
the drug, in part controlled by its partitioning characteristics,
may govern any need for sustained administration as well as the
dosing regimen. The solubility of the drug, especially for often
relatively insoluble hydrophobic lipophilic agents, can limit the
size of the reservoir of drug administered, or the exposure to
the drug, where the latter is defined as the area under the curve
in a concentration-vs.-time plot of drug residence.

Recently, treatments for ocular discases of the deep tissues
have invoked techniques more commonly utilized in targeted
systemie delivery. For example, the treatment of retinal eyto-
megalovirus infection, accompanying end-stage [V infections,
has engendered treatments delivering drug directly to the vitre-
ous humor, with either intracameral injection or an implant.
Photodynamic therapy utilizes a radiation (generally light) to
activate a drug delivered systemically. Angiostatic agents for
the treatment of wet AMD are delivered from an implant. As
Higuchi, years ago, and others more recently have deseribed,
the rate of delivery from such devices can be controlled by the
design of the deviee, by drug characteristics (primarily solubil-
ity ), or by a balance of both.1?

Nonetheless, eyedrops remain the most common modality
for administration of therapeutic agents, and so considerations
of the quantitative relationships governing the balance of ef-
fects controlling access of these agents to their target tissues are
of significance and will be summarized in the next few seetions.
The approach will be primarily hydrodynamic,!34 though
molecular theories are now available to give rationale for the
macroscopic transport laws.'S More intricate transport char-
acteristics, such as those oceurring when membranes actively
transport the therapeutic agent, arc less common than simple
passive diffusion and therefore will be neglected here, The ap-
proach highlights the interrclationships of phenomena whose
subtle control in commereial products improves their efficacy.
While transmembrane transport is most relevant to transcor-
neal delivery, some of the same considerations apply to active
drugs delivered from implants, because these drug reservoirs
serve only as a source for the agents that must traverse tissues
or tissue boundaries to reach their targer sites. 10

CORNEAL ABSORPTION AND DRUG ACCESS
Physical and Chemical Considerations

Under normal conditions the human tear volume averages
about 7 microliters.!” The estimated maximum volume of the
cul-de-sac is about 30 microliters, with drainage capacity far
exceeding lacrimation rate. The outflow capacity accommo-
d'.'lltE!S the sudden large volume resulting from the instillation
of an eyedrop, Most commercial eyedrops range from 25 to 30
microliters in volume.

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 concen-
trations. ldeally, a high concentration of drug in a minimum
drop volume is desirable. Patton!s has shown that approximate-
lv equal tear film concentrations result from the instillation of
5 microliters of 1.61 x 10-2 M pilocarpine nitrate or from 25
microliters of 1.0 x 10-2 M solution. The 5 mieroliters containg
only 38 percent as much pilocarpine, yet its bioavailability is
greater because of decreased drainage loss. Human responses
can be expected to be similar, and this is supported by *_"""'dw"f
of gamma scintigraphy.!? However, human tear responses are

Eyenovia Exhibit 1046, Page 7 of 25



CEUTICAL DOSAGE FORMS: MANUFACTURING

much more significant, and variable, than those in some in vivo
models. When the therapeutic agents themselves are irritating,
excess tearing may oceur that may influence bioavailability in
affected individuals. There is a practical limit to the coneept of
minimum dosage volume. There is a difficulty in designing and
producing a dropper configuration that will deliver small vol-
umes reproducibly.20 Also, the patient often cannot detect the
administration of such a small volume. This sensation, or ].‘l(:!i
of sensation, is particularly apparent at the 5.0- to 7.5-microli-
ter dose-volume range.

The concept of dosage-volume drainage and cul-de-sac ca-
pacity directly affects the prusurthing and zldmuu.\:tu_nng of sep-
arate ophthalmie preparations. The first «.'h:m’; administered may
be diluted significantly by the administration of the sccond. On
this basis, combination drug products for use in ophthalmology
have considerable merit.

Though this is generally not a major concern, an instilled
drug can be subject to protein binding in the tear fluid and
metabolic degradadon by enzymes such as lysozyme. Stability,
however, is always a primary consideration, both in the bottle
and in the tissues. Rapid conversion of a drug to a metabolite is
generally to be avoided unless by design (prodrugs),

Corneal Absorption

Penetration of drugs administered topically oceurs primarily
through the cornea. Drugs administered by instillation must
penetrate the eye and do so primarily through the cornea.
Corneal absorption is generally more effective than scleral or
conjunctival absorption, in which drug is removed by cireula-
tory flow into the general circulation. This is also true because
most therapeutic agents tend to be reasonably lipophilic. In
the case of more hydrophilic materials, which as mentioned
uur!ler‘ are more slowly absorbed into the corneal epithelium,
there is evidence to suggest that a seleral route may be more
common. A practical example comes from studies of carbonie
anhydrase inhibitors 2! a class of drug used in the reatment
of glaucoma.

Many ophthalmic drugs are weak bases and are convenient-
ly applied to the eye as aqueous solutions of their salts. If the
molecule is maintained in an ionized state, for example, by
employing a weakly acidic buffered vehicle, stability of the
drug often can be prolonged. If the buifer is weak, litde dis-
comfort is generally experienced at the time of instillation,
l')m.'q.- neutralized by the tears, the fraction of free base may
Inerease, and this may be the form of the drug most readily ab-
sorbed by the corneal epithelium. Nonetheloss, during trans-
port through the hydrophilic stroma, an important fraction
of the agent may be fonized. Similarly, the form transported
through the endothelium may be the free base, and that pre-
sented to the ciliary body (one of the sites of pharmacologi-
cal action) in transport from the agueous humor may be the
ionized salt. This scenario is deseribed simply to suggest the
complexity that can be exploited in targeting an ophthalmic
drug, as well as complementary considerations involved in
providing a preparation capable of the requisite stability for a
conventional two-year shelf-life,

The cornea can be penetrated by ions to a small but measur-
able degree. Under comparable conditions, the permeabilities
are similar for all ions of low molecular weight, which suggests
that the passage is through extracellular spaces, The diameter
of the largest particles that can pass across the eellular lay-
ers seems to be in the range of 10 t 25 A. Some effort has
been dirceted toward increasing the upper molecular-weight
limit for water-soluble therapeutic agents by utilizing a class of
moleeules referred to as penctration, or permeation, enhanc-
ers. These molecules are selected for their capacity to increase
transiently permeation of larger molecules while producing

minimal discomfort or toxicity, |

Because highly water-soluble drl}é-‘i generally P:J"'-’l.r'“l‘: _‘ “l
cornea less readily and the cornea is k:.u.n\'n m_hc a lllLfl.l !r.m:
including both hydrophilic and lipophilic barricr layers, mos

AND COMPOUNDING

effective penetration is obtained with drugs having both I]'P:;_
philic and hydrophilic properties. As an example, highly “"mi\,
soluble steroid phosphate esters penetrate the corneit poor
Better penetration is achieved with the poorly soluble but “",’r]‘;
lipophilic steroid alcohol; still greater absorption is seci wit
the steroid acetate form. . i

Work on transport of drugs through the cornes, dating fﬂ_m
the work of Edelhauser et al. in 1965,1* and lLee and RUN“—f
son in 1979 22 and Lee in 199023 has indieated the interplay ‘:_
physical properties that regulate access of drugs o ”P'“l‘“lm; 1
tissues. The hydrodynamic prineiples are well known :|_|ul W g
be outlined here. From the physical chemistry of passive ¢ =
fusion across a simple membrane capable of sustaining & L'"’jl.
centration difference (and discussed in other chapters of this
volume), the main mechanism of entry into the eye,

J==Dd_ [dx M

according to Fick's first law of diffusion, where J is the ﬂux) *::
drug across the membrane (amount per arca per Hme 1 |
the diffusion coefficient, and the derivative of €, is the ";i“m'l,
concentration gradient in the membrane (at steady state, L.‘un
stant across the membrane).?! Even from this simple r“‘"";f“é
ship, the consequences of the physical propertics of the L‘l'-"
can be inferred. As the solubility of the drug increascs the ’-f‘i
dient will increase, so the driving foree for entry of the ‘fg"I;
into the aqueous humor will be increased, Experiment Hi}f“!“r 4
has shown specific characteristies of the diffusion cuuthcl"ﬂ(:
namely, the diffusion coefficient decreases with inereasing "]t"o
lecular size (and hence molecular weight of the c\mlp'“”“_l.}' = v
all else being equal, we need to balance the inereased Hl“—'ul‘lc“h
and targeting of a larger active molecule against the loss in miv
of membrane transport. The cquation also makes clear lh‘f‘ ‘m;
means for maintaining the concentration on the donor side (.
the membrane, therchy sustaining the gradient term for @ o
ger period of time, will increase the mean total flux. I
To perecive the consequences of partitioning in a more c.-mlllll .
cated bilayer membrane (a good model for the cornca in that ¢ ‘1
major layers serving as barriers to drug entry are the Cl’id!“'h%“r:.
and stroma), we need to look at the diffusion equation for 4 hilayet:

2

where P is the distribution coefficient (e.g., the nc(-.nml:w_ﬂll‘;;
partition cocfficient, wherein it is a good approximation of [.i‘
partitioning into the epithelium), the subscripts L{U.‘iil:ﬁlljtl‘;' (]'u:
ther stroma (s) or epithelium (e), [ is the length representing rhc
thickness of the layer, and €, is the coneentration of drug atte:
donor side of the membrane, i.c., in the concentration @ r.".
in the tears.?® This cquation is an approximation to the ‘llm"r(;c.;
tial equation. One source of approximation is that it presut ]'_
that the concentration on the donor side (in the eye, the 1.'0.:“
centration of active ingredient in the tears) is much higher lh'l -
an the receiver side of the membrane (the coneentration it E‘:t
aqueous humor). From this equation we one can Dhs'—:”‘“ I.[' I;“
as the partitioning increases, the effectiveness of the epithe ':hc
as a barrier diminishes and is replaced nearly cxclusi\&'!}’ h-\;v -
stroma, Similarly, as the partitioning decreases, the epithe ll: -
becomes the dominant barrier. Of course, this is just @ .m.‘.:rlv
ematical representation of an anticipated phenomenornt. (’]_L;U‘,';
there is an advantage to inereasing the lipophilicity of the '“; e
50 as 1o improve absorption and transport. A ])rccaullull_lf ity
kept in mind, however, is that ordinarily when the “I“’T’]"lfb_ 4
is increased, the aqueous solubility (which €, may :tppm.u:' g
generally deereases. This is balance
number of characteristies, #s mentioned earlier.

There are circumstances when sustaining the presceines © e
coneentration of the drug in the tear volume is important, ‘i:?l[:l'll
cially when the drug is sufficiently hydrophilie to severely _:‘m.
absorption direetly into the corneal epithelium. From the ¢ Il Y
tions for a stirred-tank chemical reactor, which is undergoin®

an example of the need 10

ce and
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steady-state flow of Nuid with a solvent entering and a solution
of mixed chemicals lowing from it, we expeet:

— Vi
C () =0 exp| —— (3)

Where the time dependence of €, is explicitly indicated, € is
the initial coneentration, Viyis the volume of the reactor (here
the tear volume), and its derivative is the rate of flow through
the reacror, essentially the rate of rear generation. A number
of characteristics of drug delivery are apparent from this equa-
ton. One is that if the drug causes diseomfort and inereases
the rate of tearing (Ve in the equation), then the concentra-
tion in the tears is depleted more rapidly. Analogously, if the
Preparation ineludes o means for retaining a drug earrier in the
cul-de-sac, then only 4 fraction of the drug present is released
free into the e md €,_(1) no longer changes with time and,
until the reservoir is depleted, may be approximately constant.
Because what is important is the rotal amount of drug reaching
the targer tissue over a time period,

N, =4 -Jr!r Je) (4)

the ¢ffect of reducing the loss rate from tear flow may coun-
Lerbalance the consequence of reducing the total level in the
tears. Note, for situations in which there is a means for sustain-
ing drug release, Bquations 2 and 3 have to be modified in any
“vent, because ) is no longer the total initial concentration but
the fraction in the ears thar is transportable ll11‘(1|1g!i the cor-
nea. This introduction should provide some notion of 1"_‘3 types
'lrcumpluxity involved in achieving improved delivery of a ther-
apeutic agent. When more is known about the details of ocular
function, characteristies of the therapeutic agents, and vehicles,
it is possible w solve the differential equations numerically 50
s to improve the design of topically applicd medications. 2028

DELIVERY TO THE OCULAR POSTERIOR
Optimizing drug delivery tw the ocular posterior requires un-
derstanding the mechanisms by which substances are cleared
W diffusion, by physiologieal processes of hydraulie, vascular,
and lymphatic flows. 270 Computational fluid dynamices can
be 4 useful ool for predicting the influences of processes on
the clesrance of intravitreally injected substinees'? and deliv-
Lry from devices implanted into the vitreous!! or immediately
Yutside the globe in the juxtascleral space.’? This entails con-
Sruction of an anatomically aceurate model for the eve, which
nables simulation of diffusion of drug in physiological flow
ficlds with clearance mechanisms engaged. An example of such
A simulation exereise modeling elearance of an intravitreal de-
PO of trinmeinolone suspension partieles is illustrated in 1ig-
Ures 43,4 and 43.5. The significance of these activities, a subject
O ongoing rescarch, is difficult to overstate sinee the diseases
>eing addressed— AMD, macular edema, and diabetic retinopa-
thy—are sight-threatening. The current standard of trearment
for AMD requires monthly injections of an antibody against vas-
Culay endothelial growth factor. Significant efforts are under way
' develop alrernate therapies to reduce the frequeney of admin-
Stration o implantation, providing durations of delivery rang-
g from months o vears. A practical consequence is that the
testing period for an implanted device is extended appreciably,
Finally, though the approach deseribed in this seetion has
beer Primarily macroscopic and phenomenological, microscop-
'\:JE:‘-{L*IR and ealeulations of transport Im.\uq on them have pro-
o, additional detail about .(}If.' n‘mlccul:u qu'lul'cs of nc}xl;ir
15 transpore. For example, it is generally believed that lipo-
1,:‘]::‘!1::!\!1;\ [Ic.r'mlcmc _1.I1Iu ’clu_riuf:!;‘(:I‘:lifll%'llium- by transcellular
al L‘];ilhl-:" whereas I‘mau“ I[\'( |f||‘} II‘IL l..llI}J,:\ permeate the corne-
&iit "lc:} I.un‘lhh}'. '“!“‘“T.L‘ i!l‘:lr |;“.ulujpm t. A model of these differ-
p""":ll)]\‘I:I‘”,“ilm,h‘lh ||1‘u |L.I11}H~_L that lh,Li transeellular transport
ranes .“.Ii.'- «I.nn;_, the Ifop hilie hl}ﬂ_\-’(.‘lf\ of [hf“' eell outer mem-
B whereas the paracellular transport is probably along

Outer sclera:
Episcleral venous
pressure 10 Torr

QOuter cornea:
Atmospheric
pressure 0 Torr

Agueous humor

0.01=cm gap

Retina
Choroid
Sclera

Fluid inflow from
ciliary body
behind iris

Fluid outflow
behind trabecular
4 meshwork

Iris

Figure 43-4. Ocular geometry used for computational fluid dynamic
simulation of clearance of intravitreally injected substances. All tissue
regions are treated as porous media except for the aqueous humeor,
which is treated as a simple liquid. The small gap between the ciliary
body represents the Canal of Petit, a feature which becomes important
for aiceurate simulation of the clearance of slowly diffusing materials,
Aqueous fluid is produced at a rate of 3plL / minute on the blue bound-
ary of the iris as shown. Most of the fluid is eliminated on the outflow
boundary behind the trabeeular meshwork, simulating conventional
outflow, A small amount of the fluid pereolates throughout the remain-
ing ocular strueture. (From Missel PJ er al, Simulating dissolution of
ntravitreal triamcinolone acetonide suspensions in an anatomically
aceurate rabbit eve model, Pharm Res 2010; 27: 1530-1546,)

the extracellular space, the “pores” of a macroscopic model.24
These models provide insight into mechanisms of transport and
how these may be manipulated to improve drug delivery while
maintaining safety,

TYPES OF OPHTHALMIC D

GE FORMS

Ophthalmic products include preseription and over-the-coun-
ter (OTC) drugs, products for the ecare of contact lenses, and
products used in conjunction with oeular surgery. This seetion
will focus on the pharmaceutical aspeets of the various ophthal-
mic dosage forms encompassed by these types of products. The
therapeutic uses of individual products can be found in several
reference books along with the individual produet’s labeling. 5434

OPHTHALMIC SOLUTIONS

These are by far the most common dosage forms for deliver-
ing drugs to the eye, By definition, ingredients are cr)alljvlulc!y
soluble such that dose uniformity is not an issue, and there is
little physieal interference with vision. The prineipal clf,ta_a;lv:rrn‘-
tage of solutions is their relatively brief contact time with the

Eyenovia Exhibit 1046, Page 9 of 25



PHARMACEUTICAL DOSAGE FORMS: MANUFACTURING AND COMPOUNDING
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Figure 43-5. Computational fluid dynamie simulation resules in the
model for the rabbit eve, (a) Pressure distribution within a normo-
tensive eve (Torr). (b) Veloeity, clipped w a maximum value of 10-
mv's 1o illustrate contours in the vitreons, (e) Dissolved
acetonide concentration (

trinmeinolone
ns/ml) after the dissolution process
has achicved steady state for a suspension of 16 mg triameinolone
acetonide divided inw 270 particles confined to a 100 mie
intravitreal depot. (From Missel 19 er ol Simul
intravitreal triameinolone acetonide sus
aceurate rabbit eye model, Pharm Res 2

roliter
ating dissolution of
PENSions in an anatomically
010; 27: 1530-1540,) ’

drug and the absorbing tissues of the external eve, Cone
san be inereased by the inelusion of \'iﬁcusity-ihw
however, their use is limited 1o relatively low viscosities so as to
allow dispensing of the evedrop from the eontainer or eyedrap-
per and to minimize excessive blurring of vision. A esidue can
be produeced on the evelashes and around the eye when any
excess of a viseous solution spills out of the eye and drjes. The
residuce usually can be removed casily by careful wiping with a
maoist towel to the closed eve.

GEL-FORMING SOLUTIONS

Ophthalmic solutions (usually water-based), which contain a
palvmer svstem that is a low-viscosity lguid in the container

act time
ATTINE agents;

but gels on contact with the tear fluid, have inereased contaet
time and can provide inereased drug absorption and pruluu}:&cd
duration of therapeutie effeet. The liguid-to-gel phase transition
can be triggered by a change in temperature, pll, innhiu strength,
or prescnce of tear proteins, depending on rl1_c pm.'n\:ulelr |1l<)iy-
mer system emploved. Timaolol maleate gel-forming solutions
formulated with speeific patented gellan or santhan gums have
clinically demonstrated prolonged duration of 1OP lowering,
such that their dosing frequency can be reduced from twice to
onece a day 4590 Review che labeling for commercial gel-forming
solutions -hcl")ru. dispensing for current instructions related o
patient administration.

POWDERS FOR SOLUTIONS

Drugs that have very limited stability in aqueouns solution can
sometimes be prepared as sterile powders for reconstitution by
the pharmacist before dispensing to the patient. The sterile pow-
der should be aseptically reconstituted with the accompanying
sterile diluent that has been optimized for dissolution, preserva-
tion, and swability. The pharmacist must convey o the pat
any special storage instructions, including the expiration date.

OPHTHALMIC SUSPENSIONS
Suspensions are dispersions of fincly divided, relatively insolu-
ble drug substances in an aqueous vehicle containing suitable
suspending and dispersing agents. The vehicle is, among other
things, a saturated solution of the drus substance, Beeause of a
tendency of particles to be retained in the cul-de-sac, the eon-
tact time and duration of action of a suspension could theo-
retically exceed that of a solution. The drug is absorbed from
solution, and the solution concentration is replenished from
retained particles. BEach of these actions is a4 function of particle
size, with solubility rate being favored by smaller size and re-
tention favored Dy a larger size; thus, optimum activity should
result from an optimum particle size.

For aqueous suspensions the parameters of intrinsic solu-
hility and dissolution rate must be considered. The intrinsie
solubility determines the amount of dyug dctually in solution
and available for immediate absorption upon instillation
the dose. As the intrinsie solubility of the drug inercases, the
concentration of the drug in the saturated solution s
ing the suspended drug particle also inereases. |0
any comparison of different drugs in suspension svstems should
include their relative intrinsic solubilitics. The observed differ-
ences in their biological activities may be aseribed wholly or in
part to the differences in this physical parameter. As the drug
penctrates the cornen and the initial satwrated solution be-
comes depleted, the particles must dissolve 1o provide a further
supply of the drug. The requirement here is that the particles
must undergo significant dissolution within the vesidenee time
of the dose in the eye if any benefir is o be
presenee in the dosing

For a drug whose di

of

gained from their

olution race is rapid, the dissolution re-
quirement may present few problems, but for a slowly soluble
substance the dissolution rate becomes eritical. 1 the di olu-
ton rate is not sufficiently rapid 1o supply significant additional
dissolved drug, there is the possibility that the slowly soluble
substance in suspension provides no more drug o the agque-
ous humor than does a more dilute suspension or a saturated
solution of the substanee in a similar vehicle, Obviously, the
particle size of the suspended drug affects the surface area
available for dissolution. Partiele size also plays an important
partin the irritation potential of the dosing system. This con-
sideration is important, because irvitation produces excessive
tearing and rapid drainage of the instilled dosce, as diseussed
It has been recommended that particles be smaller than
10 microns to minimi ritation to the eye. It should be kept
in mind, however, that in any suspension system the effeets of
prolonged storage and changes in storage temperature might
nuse the smallest particles w dissolve and the largest particles
o become larger.
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The pharmacist should be aware of two pure!lti:ﬂ difficulries
inherent in suspension dosage forms. In the first instance, dos-

age uniformity nearly always requires brisk shaking to distrib-
ute the suspended drug, Adequate shaking is a function notonly
of the suitability of the suspension formulation but also—and
most importantly—patient compliance. Studies have demon-
strated that a significant number of patients may not shake the
container at all; others may contribute a few trivial shakes. The
pharmacist should use a “Shake Well” label and counsel the
patient whenever an ophthalmic suspension is dispensed. An
improved ophthalmic suspension has been developed for insol-
uble drugs such as steroids, which wend o cake upon scrtling A7
The improved suspension controls the floceulation of the drug
particles such that they remain substantially resuspended for
months and provides for casy resuspension of any settled par-
ticles. Nonetheless, the pharmacist also should be aware of the
possibility of eryseal growth over time, This potential stability
problem is cspecially problematic for drug substances whose
solubility is significantly dependent on temperature. The ma-
jority of suspension products have a Do Not Frecze” warning
on the label, beeanse they are likely o agglomerate on freczing
and will not be resuspended by simple shaking.

A sceond and infrequently oceurring characteristic of sus-
pensions is the phenomenon of polvmorphism, or the ability
of a substance to exist in several different erystalline forms, A
change in erystal sorueture may ocenr during storage, resulting
in an increase (or decrease) in erystal size and alteration in
the suspension characteristies, causing solubility changes re-
flected in increased or deercased bioavailability. Manufacturers
of commercial suspensions take these possibilities into account
in the development and testing of the final formulation and the
labeled storage conditions.

In some cases a water-soluble drug has been converted to an
insoluble form and formulated as a suspension to improve the
drug’s stability, compatibility, bioavailability, or patient toler-
ance. The insoluble forms of steroids sueh as prednisolone and
dexamethasone have better ocular bivavailability and are con-
sidered more potent anti-inflammatories for topical oeular use.
A resin-bound form of the -blocker betaxolol has been formu-
lated as a suspension and is prepared in situ using a carbomer
polymer. The novel suspension formulation improves hoth
somfort and ocular bivavailability of hetaxolol, the (.25 pereent
suspension ther: peutically equivalent to a 0.5 percent solution.

OPHTHALMIC OINTMENTS

Ophthalmic ointments arc primarily anhydrous and contain
mineral oil and white perrolatum as the basce ingredients, the
proportions of which can be varied 1o adjust consistency and
the melting temperature, Dosage variability probably is great-
er than with solutions (though probably no greater than that
with suspensions). Ointments will interfere with vision, and
their use is usually limited to bedtime instillation. They remain
popular as a pediatric dosage form and for postoperative use,
The anhvdrous nature of the base enables its use as a carrier
for moisture-sensitive drugs, The petrolatum base can be made
more miscible with agueous components by the addition of lig-

uid lanolins.

Ointments do offer the advantage of longer contaet time and
greater total drug hivavailability, albeit with slower onser and
time to peak absorption. The relationship deseribing the avail-
ability of finely divided solids dispersed inan ointment base was
givunvlw [Higuchi, M where the amount ol solid (drug) released in
unit time is a function of concentration, solubility in the oint-
ment base. and diffusivity of the drug in the base.

OPHTHALMIC EMULSIONS

An emulsion dosage form ofters the advantage of the ability 1o
deliver a poorly water-soluble drug in a solubilized form ag an
evedrop. The drug is dissolved in o nonaqueous vehicle, suel
as castor oil, and emulsified with water, using a n:micmi‘u‘ Sur-
factant and, if needed, an emulsion stabilizer. An emulsion \.virh

water as the external phase can be less irritating and better tol-
erated by the patient than use of a purely nnn:ic;ucous vehicle.
Such an emulsion is used to deliver eyelosporine topically for
the treatment of ehronic dry eve conditions, '

OPHTHALMIC GELS

Gel-forming polymers, such as carbomer, have been used to
elop aqueous, semisolid dosage forms, which are packaged
and ;l:.lministurucl the same as ointments. The viscous gels have
significantly inereased topical residence time and c;m'ilwru:m_‘
drug |=1u‘.u‘ni|.'||1iTil)' and decrease dosage frequencey, compared
to solutions. Although they contain a large proportion of water,
Il'lL'_\'lL‘:il'l still cause blurring of vision. A carbomer gel of pilo-
carpine administered at bedtime has been shown to prolong the
10P-lowering eficet in patients for up to 24 hours. V!

OCULAR INSERTS

Ocular inserts have been developed in which rhe drug is deliv-
ered on the basis of diffusional mechanisms. Such a solid dos-
age torm delivers an ophthalmic drug ar a near-constant known
rate, ||1'i||imizin£; side effects by avoiding exces absorption
P\-’iiii-‘f- !'liu d_cii\'-:r_\‘ of pilocarpine by sueh an insert was com-
:l:cl-g|=|-i:zutf in .11)75 (Ocusert Pilo) by Alsa Corporation. The

eusert is designed to be placed in the lower cul-de-sac to pro-
vide a weekly dose of pilocarpine, at which time the svstem is
run'lm‘ul and replaced by a new one. The near zero-order rate
delivery is based on the seleetion of a non-croding eo-polymer

membrane enelosing the drug reservoir2 .

) ‘)cu_l:u' inserts are plagued with some of the same manipula-
tive disadvantages as conventional evedrops, The insert must
be placed in the eye in a manner similar to the insertion f\}f
a contact lens. Additionally, the insert must be removed from
(!w eye when exhausted of its drug content. Such manipula-
tions can be difficult for the elderly patient. Nonetheless, such
l!lf.-t‘.'zpumic inserts represent a notable commercialized scien-
tific achievement in pharmaceutical seiences. The Ocusert Pilo
product is no longer marketed, beeause the drug has largely
been replaced in glavcoma therapy by topical -blockers.

Ocular inserts chat gradually erode in the tear fluid have been
studied but nor commercially developed as ocular drug delivery
systems. ™ In cheory, an crodible insert would be advantageous,
Ichuusc it would not require removal ar the end of its therapen-
tic eyele, would provide precise unit dosing, and, if anhydrous,
\\:nuid not require a4 preservative. It may also incerease ocular
i?l(!:t\':ii!:ll\i%%l_\' and reduee the thur::puuliu dosage and possible
systemice cltects. The chief disadvantages may be related w pa-
tent use issues. eontrol of erosion and L]l'llL",krl.'lt.'(l.‘GC rates, and
sterilization. =l

An erodible insert is available (LACRISERT) for treatment of
‘.l".\' eye. Itis molded in the shape of 4 rod from a hydroxypropyl
t‘:;"i‘['l][':-“ﬂl 'i"lil,\'lllur. which is the aetive ingredient. When insert-
T e L L T
tear film over a period of .\'cl\‘cr‘AI I L“')'L ‘:?I“ e [}”UI‘U"“'“}' Lh'u
el ]'lrcv.ur.\"u'\-‘»l ‘ .1r-m1:.._ The 1111,(—(11:5;; insert i
At Ive is required, which is beneticial

Patients.

DRUG ADMINISTRATION
TOPICAL ADMINISTRATION

The inseillat
D ation « e D rerming 3 -

S of L_\LLIHIP\‘: remains one of the less precise,
i LLLII!lcd.munns of topical drug delivery. The method
L'!(l‘l.']‘]\-““Mt_:”‘")” is cumbersome at best, particularly for the
Wit]mit} p.m.cnu with poor vision who have difficulty sceing
Parha “‘-..\ Cui!l}‘fﬁh‘. and patients with other physical handicaps.
il hlll]_)rl:ﬂngi_\', most patients become quite adept at rou-
tine instillation.
; i_lit.-5 p]l:_lrmu_cisr should advise each patient 1o keep the fol-
OWINgG points in mind to aid in the instillation of eyedrops or
ointments,
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CEUTICAL [ C VS: MANUFACT Ol

METHODS OF USE FOR TOPICAL INTRAOCULAR PREPARATIONS

ADMINISTRATION Ophthalmic I'l’“dlwt.h‘ introduced into the anterior chamber or
vitreous chamber of the internal cye structure are speeialized
HOW TO USE EYEDROPS dosage forms, requiring additional pharmaceutical consider-
1. Wash hands; ations in their formulation, packaging, and manufacture. 'I'Iltf?'
2. With one hand, gently pull lower eyelid down. are essentially ]):Irc!ll_cf:l'-l}'lw products requiring both steril-
3. If dropper is separate, squeeze rubber bulb onee while ity and nonpyrogenicity as well as strict control of 51:lr_liAcu!;‘ltL‘
dropper is in bottle to bring liquid into dropper. matter, to U"’*"r.'i“*““ ‘hg.\’ are compatible with sensitive in-
4. Holding dropper above eye, drop medicine inside lower ternal tissues L‘T'UUHII to visual acuity. In some cases in which
lid while looking up; do not touch dropper to eye or the I’r"lllft:l may be H"I'flffucczl into the sterile field during sur-
s gery, sterility of the exterior of the primary package is required.
5. se lower lid. Try to keep eye open and not blink for Because preservatives commonly used in topical ophthalmic
at least 30 seeonds. products can be toxic o seositive intraoeular tissues, such as
6. 1f dropper is separate, replace on bottle and tighten cap the ‘-'"f"”"'l ‘-‘"*l"[l“—'“"_m- intraocular products are designed and
packaged as preservative-free single-use products.
PRECAUTIONS WHEN USING EYEDROPS Present teehnologies are summarized in the next subseetions,
s If dropper is separate, always hold it with the tip down. but many novel technologics can be expected in the next several
« Never touch dropper to any surface. el with the advent of new therapeutics and approaches to de-
« Never rinse dropper. livery for .\I'.uuh devastating tixs.{:isus as AMD, diabetic retinopathy,
o When dropper is at top of bottle, avoid contaminating cap and eystoid macular edema, diseases of the back of the eve.
when removed.
» When dropper is a permanent fixture on the bottle (i.e.,
when supplied by a pharmaceutical manufacturer to the
pharmacist), the same rules apply to avoid contamination. During ocular surgery an irrigating solution is used to maintain
» Never use eyedrops that have changed color. hydration, ocular volume, and clarity of the cornea, providing
« If you are using more than one kind of drop at the same the surgeon a clear view of the surgical field, The frrigating solu-
time, wait several minutes hefore using other drops. ton also provides a physiological medivm for removing blooc
» After instillation of drops, do not close eyes tightly and and cellular debris, and for replacing the natural agueous 10
try not to blink more often than usual, as this removes traocular fluid. A balanced salt solution (BSS) is the primary
the medicine from the place on the eye where it will be intraceular irrigating solution, which includes the key ionic
cffeetive, components t;.» maintain corneal endothelial integrity: sodivm.
potassium, calcium, magnesiom, and o ide ax woll as a new
HOW TO USE OPHTHALMIC OINTMENTS/GELS tral to sightly alkaline pil and c,;,,,,:ﬂ,ﬁ]l'\"':;!‘;‘ll‘; s
1. Wash hands. An cnri_chc-.l balanced salt solution (B85 Plus) is also available
2. Remove cap from tube. to m'mfldf—' 0'}1"1“9‘-'(' physiological compatibility when runllli"'-"l
3. With one hand, gently pull lower eyelid down. in an irrigating solution. The enriched solution contains 0Xi-
4. While looking up, squeeze a small amount of oint- ll“_’-'-jd ?-‘.ll‘ll-'lllhlmlc‘ tlcxlmsc.‘:tml bicarbonate in addition o the
ment (about Y to % inch) inside lower lid. Be careful not UFIL}U“l ionic components. S The additional ingredients in the
to touch tip of tube to eye, cyelid, fingers, cte. enriched solution require, for maximum shelf-life stability, that
5. Close eye gently and roll eveball in all directions the l‘mfluu I’L_' Pilcl*il'liud N tWo-part systeny 1o be aseptically
while eye is closed. Temporary blurring may occur. reconstituted Just before use. Intraocular solutions do not con”
6. The closed eyelid may be rubbed very gently by a tain a preservative and should be discarded after initial use-
finger to distribute the drug throughout the fornix. These irrigating solutions are also designed to be used without
7. Replace eap on tube. -'idd_il_i"":l|\=l(ltlil_i\["u$. hl-.:i::lu.;&l..‘ there is potential for intraoeula?
toxicity. An acidie epinephrine injeeti A oclinm
PRECAUTIONS WHEN USING OPHTHALMIC bisulfito antiogidant, when aied b e contalning sEtil
NTS/GELS Y ey

solution and diluted as much

» Take care to avoid contaminating cap when removed, produce intraocular toxicity. 1

* When opening ointment tube for the first time, squeeze
out the first 1/4 inch of ointment and discard, as it may be

o dry. INTRAOCULAR INJ

500-fold, has been reported ©

IONS

» It may !3(_,' lu;lpful Lo practice ointment use by positioning Products approved for direct injection into the eye include

iuurseli miim.m u.f 1 lmlrrur. mioties and viseoelastics for oeular surgery, and two antiviral

- ."_u(.r :nm, 1 tip of tube to any surface. agents to treat eytomegalovirus reting 8 f!u. ;11i¢-licq u-,rhm:hﬂ]

| # » > H * » A s i 1 1 it A 5

= If you ulnu. maore than one tube of the same ointment, and acetylcholine are used at (he end of cataraer surgery
open only one at a time, constrict the pupi ing e 1i

1 > 4 wpil, allowing the jrie (A - anted i1

* If you are using more than one kind of ointment at the g '8 the iris to cover the mml.\lllﬂl

traocular lens. Both products
the exterior of the primary v
by use of a special outer cont

are specially packaged such ‘1‘"1
il is sterile. This is accomplishet
ant

same time, wait about 10 minutes before using another
ointment,
* To improve flow of ointment, hold tube in hand several

ainer that is permeable to steril
minutes to warm before use,

mls.nm!.pruvcnla contamination of the exterior of the vial.
.‘\nllullom with viscoclastic properties are injected into the

eye during surgery rde o e spween!

NASALACRIMAL OCCLUSION / 15 surgery 1o provide o mechanical barrier betwee!

tissues and allow the eve sur : ipula-

A Foee st g e ; . A b Surgeor ' Space manipte

To limit absorption of topically applied drugs direetly into the tion with less potential furtr-llf;n.]l“:‘:?: sh.:m.i:i:(:fil‘“r_"“_.u ar
' ¥ v scnsiive b 3

bloodstream from the highly vascular areas of the nasal cavity, tissues. The primary viscoclastic syl is a highly pur
N : 3 " . 2 - : Eh * substance is a 1D
the patient should be instructed to close the eye immediately fied fraction of sodium hy e 4

p ‘.lllll'r]nm—c Purifieati e required e

v Tt iTTertd aom.a (inder hotwes s pvahall ¢ . oy AL g : ation is req
after eyedrop instillation, |)I.|L_L a |I1]L"Lr|]LII\LLL[I l|’1f. %yd{(l]lll and remove foreign proteins to he aananNis anid poninflam-
the nose, and apply pressure for ,‘\L‘\'.L'rall I_Iltllllwh.‘l I“ﬁ" will tem- matory !ll.rllt]tr:'lnclll:lr use. The viscoelasticity can be varics
pur:lril\' ocelude both superior and inferior canaliculi, prevent- by use of fractions and coneentrations of different molecu”
v 7y e 1 L Tes ey - P /
ing nasolacrimal drainage, lar weights, Chondroitin sulfate 1 purified ]|_\'L|rux_\l'"“p'\

el
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methyleellulose are also utilized as viscoelastic and viscoadher-
ent s{u‘giual adjuncts. The viscoelastic products are ['JilCl{ilgL:{.i
and sterilized such that the primary package can be pl:tcgd in
the sterile surgical field before use. Sodium hyzlllfronute visco-
clastic products usually require refrigeration during storage to
maintain their integrity.

INTRAVITREAL INJECTIONS/IMPLANTS

Two antivirals have been approved for treatment t)f the ocular
sequelae of AIDS with direct emplagement in the vitreous cay-
ity so as to provide high localized ocular 1llefa]_>eunc (.‘(.Jl'lchl.—
trations. A polymer-coated sterile tablet ctmt:mnpﬁ g:mc‘lcluvu,
called @ Vitrasert,¥7 is implanted by the surgeon in the vitreous
savity, where it releases drug over a period of sevcl:a\I months
and then is removed and replaced with a new tablet. The tablet
is formulated with magnesium stearate as the drug carrier and
coated with polymers that provide the prolonged drug TU!(;?E‘SC.
It is important that, during handling, this polymer coating l{v‘n’ot
damaged and the special sterile packaging not be Unl!l[)l’()ll}l:«,d‘
A sterile solution of fomivirsen is also zwui?ahlu f_()r 111lrzt\_r|tre.:|i
injection to treat cytomegalovirus retinitis. lf is .t;uppllc_d‘m5
:{iiw.glu-usc vials and is injected intravitreally without requiring
surgery but must be repeated every 2 to 4 weeks.

JUXTASCLERAL INJECTIONS

Certain disease conditions in the back of the eye are umm]iy
untreatable through topical administration to II}G eye, Tor
example, eystoid macular edema {nssoca:ufsd w:th. trauma,
chronie inflammation, and diabetes) results in swelling of 1]13
macula and, if left untreated, loss of vision. At present there is
1o effective treatment available for AMD, wlwsc}nm_duncu and
severity increase with age, resulting in progression from accu-
mulation of proteins and glycosaminoglycans (dms.ecu) t(.)‘lul:‘\d(-
age of blood vessels (hemorrhage) and m_'ennml |)lll](!t]fﬁhb.‘ {:r.
such conditions, localized intravitreal or _111:.culsc!¢..=ral injections
may be preferable to systemic administration of clruﬂ.sl (either
alone or accompanied by laser-initiated events, such as photo-
dynamic therapy).

OTHER MODES OF ADMINISTRATION
Packs

These sometimes are used to give prolonged contact of a drug
solution with the eve to maximize absorption. Sterile cotton
pledgets, placed in the lower cul-de-sac, have been used in this
manner, but more recently corneal shields z.il‘_ltl soft contact
lenses, developed as bandages, have been utilized to protect
the cornea during healing.®8 Corneal shields are ma{#c of eol-
lagen that is crosslinked to control the rate of erosion, usu-
ally 12 1o 72 hours. Hydrophilic polymers used for soft contact
Jenses without vision correetion have also been utili:&t.-.:d asa
drug reservoir. The soft lenses remain intact and therefore re-
quire removal.

INTRACAMERAL INJECTIONS

Injections may be directly into the anterior chamber (e.g.,
acetylcholine ehloride, alpha-chymotrypsin, carbamyleholine
chloride, certain antibiotics, and steroids) or direetly into the
vitreous chamber (e.g., amphotericin BB, gentamicin sulfate, and
certain steroids).

IONTOPHORESIS

This procedure keeps the solution in contact with the cornea
by means of an eyecup bearing an electrode. An ionic drug thus
is subjeeted to a current generated by a difference in eleotri-
cal potential, which acts as an electrochemiceal driving foree to
transport the drug in the dircetion of the potential gradient. 49

OPHTHALMIC PREPARATIONS 917

Figure 43-6. The locations for administration and target of therapy.
Ointment: regions 1-5, Drops: regions 3-5. Parenteral injections—
subconjunctival: regions 5-6, deep subtenons: regions 6-8, retreobul-
bar: region 8.

SUBCONJUNCTIVAL INJECTIONS

Subconjunetival injections (Figure 43-6)30 are used frequently
to introduce medications that, if applied topically, either do
not penetrate into the anterior segment or penetrate too slow-
ly 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 com-
mon use of subconjunetival injection is for the administration
of antibiotics in infections of the anterior segment of the eve.
Subconjunetival injections of mydriatics and eycloplegics also
are used to achieve maximal pupillary dilation or relaxation of
the ciliary musele. If the drug is injected underneath the con-
junetiva and the underlying Tenon capsule in the more poste-
rior portion of the eye, effects on the ciliary body, choroid, and
retina can be obtained.

RETROBULBAR INJECTIONS

Drugs administered by retrobulbar injeetion (Figure 43-6) may
enter the globe in essentially the same manner as the medica-
tions given subconjunetivally. The orbit is not well vascular-
ized, and the possibility of significant removal via bloodstream
effects from these injections is remote. In general, such injec-
tions are given for the purpose of targeting medications (e.g.,
antibioties, local anesthetics, enzymes with loeal anesthetics,
steroids, and vasodilators) to the posterior segment of the globe
and affecting the nerves and other struetures in that space for a
sustained period of time.

PREPARATION
COMMERICAL MANUFACTURE

Pharmaceutical manufacrurers provide fnished ophthalmic
products, manufactured and tested for quality according to
stringent industrial and governmental standards. The products’
sterility and, where required, their nonpyrogenicity, as well as
other important quality standards, are assured by end-product
testing of each batch and also by the use of validated manu-
facturing processes developed for each individual product. The
products’ manufacturing and quality control are governed large-
ly by the current Good Manufacturing Practice (GMP) regula-
tions*! promulgated and enforced by the FDA. If the product is
anew or generic drug or medical device and has received FDA
marketing approval, the manufacturer must also meet the re-
quirements specified in the approved application for chemistry,
microbiology, manufacturing, and quality control. Significant
changes to the approved requirements must be submitted and
approved by the FDA. For products not requiring prior FDA ap-
proval to market, such as monographed OTC drug products, s
the manufacturer must meet the quality standards of applicable

- i
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918 PHARMACEUTICAL D

USP or NIY compendial monographs in addition to the current
iMP regulations. . 3 o}
('!\:I['ih;(":‘ll::znufﬂclurur is subject to pre- p;::r'r)vilil m;{);\ul;)]m
and periodic GMP postapproval in'spuctfonhi_!:\;: :; ’1014”_1“;0 i:i
FDA also conducts inspections of the 5.1‘1111’1“:“»”,“"‘ inactive
gredients, both foreign and th)!t\cf‘[]c" iﬂr-al'u‘lut’-w[tlrcl is
ixlgl‘cdictlts and packaging operations. 11.1 mg i o —|h
o -eealls of batches of product that do not meet qual-
’_’"h—"‘u m EU":I ;. In some cases a recall may result, not from
ity rc{ll.llFulllLl.l'fh. cqn.lm but from a lack of assurance that the
ucmiﬂl t[u\l\L'dI [;;Tiall;l{llc 2 quality requirements through
product w

its shelf-1

Compounding of individual I"Fl-_ﬂﬂuI i’Te-“UY'iI.?ti”ﬂ’* h‘.\" p_l'l:tr.m.-'zi
= s been and continues in some areas to be an integra
o hf“ pean 'l“-a yractice. The routine need to compound
part of Dhﬂ;tflf:ﬁc]p;uducis o Iongeeymetred itk 11
sterile Upl.‘th; sommereially manufactured produets av;uiiab!u
broad range o .um) S i o 2
today. M(JH['hi :llﬁ;ﬂ:nlnt\‘ have been subjected to the FDAs
p‘rmlnct‘s -rfzdt:-i:'cnwuts for proof of safety and efficacy or bio-
ngoir;::ll;]l:cl as well as the manufacturing and quality require-
eguive , As e
i :lInlJ:'Id-y;;li;iril:m:;:.kcd to compound a preseription for a
llnllilrjtl}‘l‘:l!?]::‘ll':.‘?:li p:."odiwt, such as a prc.l.‘crv:uiw-:’::'ir(:-c :}t{lﬁl:;ll ,‘K
sdiatrie strength, he or she should be well verse lm : Ld] 1:'[,],
E”{:’lit)ll of sterile products, have the proper L:'l’l‘luI')I-n:]ilrlc‘:;lunl(:fur
ties, and be knowledgeable about th’}-.' ::I’T:\l;‘l. :‘:(1:0 m,;mm;m“
ophthalmic formulations and p:if:li:};;lﬂg._ ¢ fmr o
on the standards and [e(:lumln;;y'lnr ])rh‘;lr:n‘l]-. o o s[m“ld,
with special emphasis on preparation o stclr: © L s [|;{_- o
he consulted. 51 The pharmacist must ‘} \ri; L|")|’|-|nn-|u\: o
and regulations of the applicable Ht:ltf: I_mahlc !)l |]- 4t . B
3::11ing sterile pharmacy umupnumlnllgi as ‘;VLI l;{l.;'\,m(y‘ong:e;g
sgulatory requirements |)rmmll:.5,_utc«‘.. y l‘ IC‘ : '._ . ,a‘,; ¢ _
ir;zrl::lcd )i[n thi.' 1997 FDA Mnclc_rmzzntmf; 1 }}(]_tit;l_:‘ll;::li\]:ll, ‘\lv;;?:l:d
ditions for which Icn\nup(:u:u:ir:ﬁ, E;f;];k;)l::c"“:w uump:;undjng
. eXe from FDA regulation. Dl 3 " it
E‘(;L:!t::] :Ef?{ﬂill Act was subsequently fi[l}.’,:it(‘:d a.m! c]:lv:.; [l[lrl;z([]({l,::
its entirety, because it contained unctm:«'tl(mu:n;mim'”im] i
on commercial specch. The FDA may scckl n‘u_\“ [;L rgmw e
address its concerns rcj_‘:alrd.i"f-‘a ﬂ;“t:][tf:iiftll:;rlitsilud a ?-".Ltid.:mcu
compounding. In the n?ulm:F:n.u:,itnlcnds to regulate pharmacy
document on how the agency 1 o e e
compounding of human drugs cunm‘n L[’l.. b e g
bounds of traditional pharmacy pr“u[iu'*!';{hlt[)(' A; www.fda.gov/
US Food, Drug, and Cosmetic A".:t ol ] )Iil -1rm-|(,:;r‘ ‘fﬁomﬂl)umlinﬂ.
eder/pharmeomp), and has provided a Pharmacy € g
Complianee Policy Guide (2002).

TERILIZATION

ion include moist heat under
Common methods of sterilization n'u.lud:. -:T-:u]:ri]izﬂtion‘ e
5 ure (autoclave), dry heat, filtration, 1-,;:) ‘thrL thise o
ressure (
::miziuﬁ radiation. Please refer lﬁd‘:i:"tl]":(';“
ilization procedures are deseribed i

TERILE MEDICATIONS .

CASER NOI\:nsuh‘ ocular infection rcsultin.k‘.i;"“‘" [hffl‘;“‘_“-i
ythalmic solutions has th:] ((;L:;;l\jgll)ct;

in the literature. Such solutions have ,rb-r‘)?;“ L(" tam-
amply in ll.L' sa] ulcers and even loss of ey _IJ.,lr. 011: 3
the cause ()I_un’.n;;’i‘:U been found to be in use in physicians
t“.i."(:d .t:nhlh(;!‘-“_ H and industrial infirmaries, zm('l have been
offices, eye ¢ “'l:‘(”:ri‘ dion in community and hospital |ahgrnm-
diﬂput’lfw{l on br<|-; " tf:w“ frequently found as i contaminants
tles, ‘THis "”um‘,!m ‘rmlﬁ Pseudomonas aeruginosa is a less
s xr:lr::!:{]::if’:;:'i‘ni"l' -ulul the solution most often found con-
commaon ¢ d £ -

The possibility of serl
of contaminated opl

taminated is sodium fluoreseein.

POUNDING

Ps. aeruginosa (Bacillus PYOCYanen
nee; blue pus bacillus) js a very dang,
organism that grows well on most culiu
both toxins and antibacterial produets,
off other contaminants and
in pure culture. This Gram-
in ophthalmic solutions weeome the source of ex-
tremely serious infections of the cornea. It can cause complete
loss of sight in 24 1o 48 hours, At concentrations tolerated by
tissues of the eye, mose of the antimicrobial agents discussed in
the following sections may be ineffective against some strains
of Ps. acruginosa.

A sterile o

i Pseudomonas pyocy
rous and opportunistic
re media and produces
The latter tend to kill
allow the ps, acruginosd o grow
legative bacillus also grows readily
, which may 1

phthalmic solution in
an be contaminated in a numbe
are taken, For example, if

v multiple-dose container
rof ways unless precautions
adropper 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 ean toueh the evelid or eyvelash of the
patient during administration. [f the Drop-Tainer { Alcon) type
of bottle is used, the dropper tip can touch an ash or the cap
while remaoved o permit ;u.lmilmetr;nimL edge may tuch

a table or finger, ang that cdge can touch the dropper tip as the
cap is replaced.

ori1

The solution may contain an effective antimicrobial, but the
next use of the contaminated sq lution may occur before enough
time has elapsed for all of the organisns to be killed, and liv-
ing organisms ean find their way through an abrasion into the
corneal stroma. Onee in the corneal stroma, any residual traces
of antimicrobial agents are neutralized by tissue components,
and the organisms find an excellent culture medium for rapid

growth and dissemination through the comea and the anterior
segment of the eye,

OTHER ORGANISMS

Baciltus subtilis may produce a serious abseess when it infeets
the vitreous humor. The pathogenic fungus considered of [rar-
ticular importance in eye solutions iy Aspergillus Jumigatus.
Other fungi or molds may cause harm by aceeleratis g deterio-
riation of the active drugs.

With reg

rd to viruses, as many as 42 cases of epidemic kerato-
conjunctivitis were caused by one bottle of virus-contaminated
tetracaine solution. Virug contamination is particularly difficult
to control, because none of the preservatives now available is
virucidal. Moreover, viruses are ot removable by filtration.
However, they are destroyed by autoel: ving. The pharmacist
and physician have not been made adequately aware of the dan-
gers of transmitting viral infection vig contaminated solutions.
This is particularly pertinent o the adenoviruses (types I and
VI, now believed to be the causative agents of viral conjunc-
tivitis, such as epidemic keratoconjunctivitis,

The danger of nonsterile preparati
creased for products intended for inje
Endophthalmitis and loss of vision o
time of onset of a bacterial infeetion.

METHODS

Steam Under Pressure
Terminal sterilization by autoclaving is an aceeptable, effeetive
method of sterilization; however, the solution or suspension
components must be suffici ntly heat-resistant to survive the
procedure. If sterilization i carricd out in the final container,
the container also must he able to withstand heat and pressure.
A recent addition 1o thig technique is the so-called air-over-
steam autoclave. This combination allows pressure adjustments
to be made during the autoclave eycle. Pressure manipulations
permit the autoclave sterilization of materials that, while Iw;‘nt—
resistant, tend to deform (i.e.. polypropylenc containers). The
sterilization eyele for o product should be carefully \f:i]idnfc.:d.
and one must assure that sterilization temperature and time
are monitored at the coldest spot of the autoclave load to assure
sterility of the produet,

ons is exponentially in-
ction within the eyeball,
an oceur within a short
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Filtration
The USP states that sterile membrane filtration under aseptic
conditions is the preferred method of sterilization, Membrane
filtration offers the substantal advantage of room-temperature
operation with none of the deleterious cffects of exposure to
heat or sterilizing gas.

Sterilization by filtration does involve the transfer of the fin-
ished sterile product into previously sterilized containers, using
aseptice techniques, The membrane fleadon cquipment itself
usually is sterilized as an assembly by autoclaving,

Several rvpes of membrane filtration equipment are avail-
able for small-seale processing, as deseribed in Chapter 40,59
rarticular interest has been shown in the Swinney adaprer,
fitted on a svringe, and in the Millipore Swinnex disposable
filter units. Empty sterile plastic squeese contminers and ster-
ile plastie filtration units can be purchased direetly from the
manufacturers, including Wheaton (polvethylene containers)
and Millipore (Swinnex filter units). They permit extemponr:
neous preparation of ophthalmic solutions, which have a high
probability of being sterile if the work is carried out under
aseptic conditions, A supplementary deviee can permit auto-
matic refilling of the syringe. The filter unit must be replaced
after use. To avoid contamination, the pharmacist should fill
1o presterilized containers closed

sterile filtered solutions
with appropriate fitments and closed under laminar flow, us-
ing aseptic hniques, The Parenteral Drug Association has
produced several audiovisual teaching materials for aseptie
techniques and processing, The reader should refer to these

guidelines for reference

Gas
Gas sterilization of heat-sensitive materials may be carried ow
in the presence of mois-

by exposure to cthylene oxide (10 g
ture. B0 gas for sterilization use is available commercially, di-
luted with cither carbon dioxide or halogenated hydrocarbons,
Et() sterilization requires careful consideration of conditions
required to cffect sterility. Temperature and pressure condi-
tions arc quite nominal in contrast o wet or dry heat; however,
careful control of exposure tme, EtO coneentration, and mois-
ture is essential.

Cias sterilization requires that specialized, but not necessarily
claborate, equipment be used. Gas autoclives may range from
very large walk-in units to small units on the scale of a labora-
tory beneh that are suitable for small hospitals, laboratories, or
pharmacics. Users of gas autoclaves must keep in mind the pos-
sibility of human toxicity and take care to restrict exposure o
150 during the loading, venting, and unloading of the sterilizer.
Et0) sterilization produces irritating by-products that remain as
residues in or on the articles sterilized. Residues include eth-
ylene glycol and cthylene ehlorohydrin (when in contact with
chloride ions), in addition to EtO itself. Acration of the seeril-
ized articles for at least 72 hours, preferably ac 4070 to 50°C,
will minimize such residues.

Ambient acration time for sterilized polvethylene bortles
should be about 45 hours, EtO) is recomniended for the swer-
ilization of solid materials that will not withstand heat steril-
ization. The FDA has recommended maximum residucs in the
parts-per-million range for Et0), cthylene glyeol, and cihylene

chlorohydrin.

Extreme caution is necessary when using LtO gas steriliza-
tion, The previously aceepted 12:88 mixture of KO o Freon hay
been replaced with 100 percent E1O for environmental reasons,
This gas is explosive, and all workers also should be progecred
from accidental exposure beeause of coneern for carcinogenie.
ity and other toxic reactions to 1510, This method at preseny s
used as a last resort when no other methods can be used.

Radiation
Sterilization by exposure o ionizing radiation is ap aceept-
able procedure for components of ophthalmic preparations or

indeed, for the toral product. such as certain ophthalmic oint-
ments. Sources of radiation are twofold and include linear elee-
tron accelerators and radioisotopes. The linear accelerators
produce high-energy clectrons with very litde penctrating power.
Radioisotopes, particularly “Cola source for gamma irradiation ),
are emploved more widely than linear electron aceelerators for
sterilization. Sterilization by radiation may produce untoward ef-
feets, such as chemieal changes in product components as well
as changes in color or physical characteristies of package compo-
ization is currently the method used in place

nents. Ganima ste
of EtO for sterilizing most of the packaging components. Gamma
sterilization of containers may alier the surfiace characteristies,
and this can increase degradation of drug molecules and/or some
of the excipients used in the formulation, Some plastic manufac-
turers have developed special grades of polyvpropyvlence resin that
are stabilized to withstand gamma irradiation

OPHTHALMIC PREPARATION CHARACTERISTICS

CLARITY

Ophthalmice solutions, by definition, cont
ingredients and are essentially free from foreign particles. Fil-
tration ean enhance clarity in some cases. It is essential that
the filtration equipment be clean and well rinsed to avoid in-
troduction of particulate matter into the solution by ¢quipment
designed o remove it Operations performed in clean surround-
ings, the use of laminar-flow hoods, and proper nonshedding
sarments will contribute collectively to the preparation of elear
solutions essentially free from foreign particles. In Ny in-
stances the same filtration step can produce both clarvity and
sterility. If viscosity-imparting polymers are used, a polish-fil-
tering step may be necessary before the final Aleration,

Both container and closure must be thoroughly clean. sterile,
and non-shedding, so that neither one introduces particulate
matter to the solution during prolonged contact for the dura-
tion of the sheli-life, Normally this is established by thorough
stability testing, which also will indicate whether insoluble par-
ticles (by-products of drug degradation) have been generated.
Solution formulations may also contain viscosity-imparting
pul_}'mur.\ that can diminish clarity, In these situations it may
be important to both define the visual clarity of the product and
monitor its stability. The European Pharmacopoeia deseribes
visual clurity and recommends standards that can be used for
clarity speeifieations.

no undissolved

STABILITY

The stability of a drug i

1ty an ophthalmic produet depends on a
number of factars, including the chemical nature of the drug
xmf‘j““““-'-. whether it is in solution or suspension, product pll.,
:(‘:Irltzll:::; "’I'd:;_’:-_'lrﬂl‘i!li“” (particularly temperature exposure),
"Hilluf::mlurulrI-\u?'» «'I.tl.d wpie “1. |.'::l|u|r.;l_x.':i||:2‘ A pharmaceurtical
il r:mm_(?[m.ui for a H|I(_‘H:]‘lft measured in years at con-
ing I"hElI‘II]‘lcil:t-“}‘tI'?L»lll‘u‘”.c L'(Hldlltlmls. whereas [h.c u:unpnmld-
i Prup:ln"'ui;ml ’IL? lib tneertain about the shelf-life of his or
iboue limu:- _I““‘_"“? " Tfh ll?l'_”.\'l_dc-.‘; I'ulml\'-::l_\' small quantities
E H;!-._'uil'\: i’th...n‘.l shelf-life in terms of davs or weeks, and
ﬂlti-lilmlcm};f t.‘ ‘ll..,l.l‘l[{:(]‘.*ilrllr;‘u_:l.' as a further precaution. The
e iy i |’;;||-:~,I,]Ll|l|]:m‘l hl_:ll)llll_\’ often requires some compro-
o ation, packaging, and preparation of the
tunI]]ll: A’Irl‘t:i“hl;: ;:I.l _ifw‘ i)lzun r.hc smllailit_\wnnlrullinﬁ factor for
Hosthy motie, w ugs such as |'!|.|()L‘=l!‘l)lll(: and pll}’?fl}hti;.‘,llliﬂl.‘ are
at kit tve and comfortable in the eye ac a pll of 6.8; however,
;11 d:;?-sp‘l,:f I;"]!l‘;’“:“:'"lFﬁl-’ll?i.iifl\' (or iilslii])i'il‘\'} can le measured
B e doltio 'N‘i\\ : ._ulw! drug will lose a substantial amount

wemical stability in less than a vear. On the other hand, at
a pll of 5.0, both drugs are stable for a period of several ve
(With regard to eve comfort at acidie pll, see the later discus-
sion under Buiffer and pll,)

Eyenovia Exhibit 1046, Page 15 of 25



In addition to optimal pll, if oxygen sensitivity is a factor,
adequate stability may require inclusion of an antioxidant or
special packaging.. Plastic packaging, such as the low-density
polyethylene containers (e.g., the DropTainer from Aleon) that
are convenient for patient use, may prove detrimental to sta-
bility by permitting oxygen permeation, resulting in oxidative
decomposition of the drug substance. Development of an epi-
nephrine solution with 2 to 3 years’ stability in a plastic pack-
age requires the use of a pil of about 3.0 for protection from
oxidation, whereas an epinephrine h(}]'ﬂl'(:: solution formulated
at a pHl of about 7.0, which is more uummrt:lh_lu to the patient,
requires an antioxidant system and A he use of glass packaging.
The prodrug of epinephrine, dipivefrin, significantly increases
ocular bioavailability and is effective at one-tenth the concen-
tration of epinephrine. The structure of the chemical derivative
proteets the active epinephrine portion from oxidation, so that
it can be packaged in plastic. However, the a labile ester linkage
introduced in the prodrug requires that it be formulated at a p
of about 3.0 to minimize hydrolysis; even with this precaution,
the shelf-life of dipivefrin stored at room temperature can be
extended to no longer than 18 months.

Pharmaceutical manufacturers conduet comprehensive sta-
bility programs to assure the assigned expiration dating for each
product. In addition to monitoring the standard chemical and
physical stability of the pharmaceutical, they test the stability
of the preservative by chemical means or by actual challenge
of its efficacy with appropriate test organisms. Sterility is not a
stability parameter per se, but each container-closure system
can be tested by microbial challenge to assure integrity of the
package against environmental contamination before opening.

Some of the newer classes of ophthalmic drugs, like pros-
taglandins, are very hydrophobic and have very low concen-
trations. For example, in the product Xalatan, latanoprost is
present at 0.005 percent, and in the product Travatan, travo-
prost is present at 0.004 percent. Active agents at such low con-
centrations present a challenge for formulators, because the
loss of even small amounts of drug (8., from adsorption losses
to ]“‘Chﬁﬂ'iﬂl-".) can become significant. Pharmacia’s Xalatan re-
quires refrigerated storage, and as indicated carlier, tempera-
ture eyeling also can reduce the concentration of active drug.
It is important that the pharmacist knows the propertics of the
drug substance, in order to maintain product quality through-
out the shelf-life of the product.

BUFFER AND PH

Ideally, ophthalmic preparations should be formulated at a pll
equivalent to the tear (luid value of 7.4, Practically, formulators
seldom achieve this. Most active ingredients used in ophthal-
mology are salts of weak bases and are most stable at an acid

pll. This property generally holds for suspensions of insoluble
corticosteroids.

Optimum pll adjustment generally requires a compromise on
the part of the formulator, who should seleet not only a pil that
is optimal for stability but a bufier system that has adequate
capacity to maintain pll within the stability range for the dura-
tion of the product shelf-life, Buffer capacity is the key in this
situation.

1t generally is accepred that a low (acid) pll per se necessar-
ily will not cause stinging or discomfort on instillation. If the
overall pll of the tears, after instillation, reverts rapidly to pll
7.4, discomiort is minimal. On the other hand, if the bulfer
capacity is sufficient to resist adjustment by tear fluid and the
averall eye pll remains acid for an appreciable period of time,
then stinging and discomfort may result. ( hmscquur".lly, buffer
capacity should he adequate for swhilil?' bt r‘mmn'w,cd. s0 far
as possible, to allow only momentary disruption of ‘thc overall
pll of the tear {luid. h';wul::] care in tm'nmi'mlmﬁ.]t1lt‘zut;01.fl[:z.r
products is required regarding their pll an : ullu* ’iﬂFm;L:-,

The corneal endothelinm can tolerate much less t'l.ll.l. i
| conditions, compared 10 the external cor-

from physiologic:
neal epitheliom. ™

MPOUNDING
TONICITY

Tonicity refers to the osmotic pressure exerted by salts in nqtlf\:"
ous solution. An ophthalmic solution is isotonic with .'mlm‘lu;.
solution when the magnitudes of the colligative properties ‘_’1
the solutions are equal. An ophthalmic solution is cmlﬁld""-S.L
isotonie when its tonicity is equal to that of a 0.9 percent S0CT
um chloride solution (290 mOsm). However, the osmote l";”";
sure of the aqueous intraocular fluid is slightly higher than tha
of normal tears, measuring about 305 mOsm. =
In actuality the external eve is much more tolerant of tonic-
ity variatons than was at one time sugsested and usually ean
tolerate solutions equivalent to a range of 0.5 to 1.8 [’CTF‘f"i
sodium chloride. Given a choice, one will find that jsotonicity
is desirable and is particularly important in intraocular b‘fﬂl"‘
tions. 50 However, in certain eases a nonisotonic topical product
is desirable. Tear fluid in some cases of dry eye (kemmcun:
junctivitis sicea) is reported w be hypertonie, and a hypoten
ie artificial-tear product is used o counteract this cundumil‘l
Hypertonie ophthalmie products are used to relieve (.'ornv.aI
edema, and solutions and ointments containing 2 of 5 percen
sodium chloride are available for this use. : m
The tonicity of ophthalmic (and parenteral) solutions h'"
been the subject of intensive investigation over the years. ““‘f‘f‘
studies have resulted in the accumulation and puhlicmiml_ l:i. i
large number of sodium chloride equivalents that are useful i
caleulating tonicity values, See Chaprer 31 for a thorough d'f"
cussion of the measurement and calculation of tonicity values.

VISCOSITY

Ophthalmie solution and suspension eyedrops may contain H"
cosity-imparting polymers to thicken the tear film and increase
corneal contaet time (i.e., reduce the rate of tear fluid drainage)-
For suspensions, the increased viscosity also retards the et
tling of particles between uses and at the same time nminlil',ﬂh.
their suspension for uniform dosing, Nowever, added viseosity
may impede initial resuspension, particularly in a susiW“‘u’]_D.“,
that has a tendeney to cake during storage. The h,\fdf"i’]“llL
polymers most often used for these purposes are methylee “
lose, hydroxypropyl methyleellulose, hydroxyethyl L"—'”_l'l“"'::
and polyvinyl aleohol—at concentrations that produce \’If""'“""‘
ties in the range of about 5 to 100 Centipoise. These 1“"3",‘“f':lll_
also themselves appear as the active ingredients in artifici?
tear solutions for dry eye therapy because of their jubricatio?
and moisturizing, Viscosity agents can have several disadvan
tages, in that they sometimes produce blurring of yision z.m.]
can leave a residue on the eyelids, These effects are nu:s[‘nflut
seen at the higher end of the viscosity range. The added \'lri‘-‘“""
ity ean make fileration more difficult, particularly for the sma
pore-size filters used to sterilize solutions, e

Newer ophthalmic dosage forms, such as gel-formin 1‘sn ‘.,-.
tions and semisolid aqueous gels with their illcrcusudf'"“f']?".
ity and gel elasticity, significantly improve drug bioavailabi ﬂ.;‘
and duration of effeet. With these advances, the I'ruq\wl.‘f-.
of dosing can be reduced and patient compliance imprmu;
These newer dosage forms incorporate novel polymer "‘-VSEU_{I";
with special rheological properties to enhance their U{f";;
Their complex rheology and intricate dependenee on c“v'r"u,
ment, however, increase the complexity of the sterile man
facturing process.

ADDITIVES

Most ophthalmic dosage forms contain additives or illilei:‘I;lc
ceutical excipients as inactive ingredients, Because “!I' 0
need for tissue compatibility in ophthalmices, particulas F, 98
intraocular products, however, the use of additives 8 perhap®
less common. e Vs

The most common inactive ingredient is the prudl]ulpwd
hicle. For topical dosage forms, Purified Water usy 'Hr"‘ n-
Because of the requirement for nonpyrogenicity, Water _DI ol
jection USP is used for intraocular products. While & :nnu{fll‘h“w
and petrolatum combination is the vehicle used for ophthe
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Teaching
away?

ointments, nonaqueous liquids are rarely used in topical eye-
drops hecause of their potential for ocular irritation and poor
Patient tolerance. Some mineral and vegetable oils have served
a8 vehicles for very moisture-sensitive or poorly water-soluble
drugs. Use of the purest grade of oil, such as that used for par-
enteral produets, is a requirement.

Multiple-dose topical ophthalmic products commonly con-
tin microbiological preservatives, which will be discuss
a later section. Other commonly used additives in topical eve
Produets are ingredients to adjuse pH and tonicity, and to buf-
fer pll, in addition to the viscosity agents previously discussed.
Ingredients to adjust pll and tonicity and to buffer pH are es-
sentially the same as those used in parenteral products. Less
Commonly used additives are antioxidants, such as sodium bi-
Nt:_lﬁu_-_ ascorbie acid, and acetyleysteine.

. lopieal eye products sometimes incorporate surfactants to
disperse insoluble ingredients or to aid in solubilization. For-
Mulators use them in the smallest concentration possible to
achieve the desired function, because they can be irritating to
Sensitive ocular tissues. Nonionic surfactants are preferable, be-
Cause they are generally less irritating than ionic surfactants.
Polysorbate 80 is the surfactant used to prepare an ophthalmic
emulsion. Polyoxyl 40 stearate and polyethylene glycol fune-
Hon to solubilize a drug in an anhydrous ointment so that it can
i:"»‘ filter-sterilized. Formulators often add surfactants to stabi-
lize more hydrophobie drugs, for example, preventing loss to
adsorption on the container walls. For example, the nonionie
surfactant like polyoxyl 40 hydrogenated ecastor oil (HCO-40)
Stabilizes travoprost, a prostaglandin derivative,57 Similarly,
Cremaphore BL stabilizes diclofenac in the Voltaren formula-
tion marketed by Novartis.

The FDA has published a list of all inactive ingredients used in
Approved drug products on its Internet website at www.fda.gov/
tder. The list ineludes dosage forms and concentration ranges.

(hlrrumly, almost all commercially available ophthalmic prod-
Yt are packaged in plastic containers. Obvious ndvantages—
“ase of use, little breakage, less spillage—have led to universal
Aeceptance of these plastic packaging components, consisting of
bottle, fitment, and closure. Aleon was the first company to in-
troduce these packaging components, identified as a DropTainer
or ophthalmic products, in the late 1940s and then saw them
Adopted by the industry as the standard for packaging topical
ophthalmie products. Thiize bottlas are generally of low-density
Polyethylene, either without any colorants or with opacifying
#8ents or other colorants for light protection. Polypropylene or
]"ﬂh-tleusily polyethylene resins are also used to meet specific
Produet rcquim:.ncm.s, The fitments determine drop size of the
Product and may contain additional features to prevent stream-
"L of product at the time of use. Caps or closures are generally
Made fromy polypropylene and basically seal the container to

Prevent contamination or leakage of the produet.
‘l'”le FDA and other health authorities are also coneerned
;'n:"l‘ll leachable impurities extracted either from the packag-
5 Components themselves or even oceasionally from the label
::q’l'i“:“’t:{nr ink used in printing the labels. N«_\mmlly, as a part
3(l‘l{|‘i‘:lllflln'v program, actual p;!ck;m:u-f(?m'llIL'III()I‘.I compatibility
“‘-Hnu‘-“ are required, including monitoring any L-xtr:u:‘mh!es that
age. R‘-’l'lll‘t_n tlac‘prmluct as a fu:lcu_nn of thc.dur.'umn of stor-
Cl‘iu;-ac[ ;.\Lll(:ll.. of compatible packaging material has I)_ucum_c a
the cnn:::lL !rlf newer (lr‘m{ p.rm[ucts. espe mily.tlmsc in which
e, lll:\:u:itl?:fjm" u.t active is uxm.jmel_\: low, like prostaglan-
tive i"gr'uti.,-.; _carlier. The proa::t.'lglandlll_tr.'i\'t:!prf)s[. the ac-
p"“"'ﬂﬂ.ing ‘mr[l'll ‘l rivatan, n.-q!.ur«.-d rul::llﬁlntferlllﬁ of the toral
O Stabilip -ll'm LIllrlL ‘wlt1.1 the resin (s._vmlu.mwlw p()!}']l!‘()].‘)_\"h.‘l?c]
ain Kqucu?'il?ilil‘.ll}"t'. "‘l-" well as :l_il(.'l:lllﬂ size and shape to main-
be Stable \\;imn R_u 0 5 e bortle. 5% ’!rm-npms: was found not to
e compound l;ei::t! in ltm‘-dcn.‘:u:v polyc[hylun_u containers,
8 lost to adsorption onto and into surfaces,

even at room temperature. (Junscqucm]y, chemical assav of
marketed product must be conducted in a manner thar does
not deplete the concentration.

Specialized containers, like those developed by Merck for their
timnlc_)lﬂ:i[c:c;trpinc combination product, maintain two solutions
in different chambers, adjusted separately to provide optimal
chemical stability. At the dme of dispensing the product, frac-
tions of both solutions are combined and reconstituted by the
pharmacist. For example, the final timololpilocarpine lir(lﬂuct,
onee reconstituted, would be at a nearly physiological pll, would
provide pilocarpine as stable for one month at room tempera-
ture, and will be found comfortable to patients. Aleon also has
developed a proprietary package™ that can keep unstable or re-
active components separite during storage, and that permits the
pharmacist, at the time of dispensing to the patient, to rupture
a diaphragm, allowing the disparate fractions to be mixed. After
mixing, the product is expected to remain stable for a month at
room temperature. This container is designed to handle either
liquiddliguid two-part or solidliquid two-part components.

Pharmacists also should be aware of unit-dose products cur-
rently available in form-fill-seal containers thar are preservative
free. These products are discarded after single use. These prod-
ucts are most suited for patients who are sensitive or allergic to
common preservatives and require chronic administration of a
product. Specialized manufacturing technology involves melt-
ing a plastic resin to form the container walls, filling with the
drug solution (usually (.2 to 0.8 mL), and then sealing to main-
tain sterility. At the time of use the tip is broken off, the solu-
tion is dosed, and then the package is discarded. For technical
reasons relating to manufacturing and filling capabilities, as well
as for the need to minimize evaporation rate, these containers
contain an excess volume of the product. The disadvantage is
that patients may desire to use the entire volume and risk us-
ing an accidentally contaminated product. Recently, some unit-
dose containers have been modified to allow the product to be
recapped after use. These containers are designed ‘!“" labeled
to be discarded after a single day’s use (12 hours) in order to
reduce the risk of significant contamination, yet make them
more economical for the patient.

In only a very few instances are glass containers still in use,
usually because of stability limitations. Large-volume intraocu-
Jar solutions of 250 and 500ml have been packaged in glass,
but even these parenteral-type products are beginning to be
packaged in specially fabricated polyethylene/polypropylene
containers or flexible bags. Type 1 glass vials with appropriate
stoppers are used for intraocular ophthalmie produets admin-
istered by injection. These packaging components should meet
the same requirements as parenteral products. Products in-
jeeted intraocularly also are required to meet endotoxin limits,
Readers should refer to Chapter 41, Parenteral Preparations,
and Chapter 42, Pharmaceutical Compounding — USP <797>
Sterile Preperations for more details.

Plastic packaging, usually low-density polyethyvlene, is by no
means interchangeable with glass, however. 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-release agents, antioxidants, reaction quenchers,
and the like, which may leach out of the plastic and into the
contained solution. Label glues, inks, and dyes also may pen-
etrate polyethylene. Conversely, confined volatile or lipophilic
materials may permeate from solution into or through plastic
walls. Sterilization, depending on the method, may influence
the resin properties; for example, gamma irradiation may in-
erease acid extractables or generate sites that may degrade cer-
tain drugs. For these produets Kt() gas sterilization may be the
only remaining option. llowever, gas sterilization also may de-
grade active molecules or leave harmiul residuals, and certainly
requires aeration under forced air to remove the traces of the
gas and volarile residues. Whatever process is selected will need
to be validated and monitored, assuring the process neither de-
grades the active ingredient nor generates toxic residues.
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922 PHARMACEUTICAL DOSAGE FORMS: MANUFACTURING AND COMPOUNDING

Table 43-1. Ophthalmic Cap Color Coding

Color Pharmaceutical Class

Yellow or blue B-blockers

Gray Nonsteroids

Pink Steroids

Brown or tan Anti-infectives

Orange Carbonic anhydrase inhibitors
Turquoise Prostaglandins

Red Mydriatics

Green Miotics

Patients may be prescribed more than one ophthalmic medi-
cation for the same or different conditions, and this can lead to
confusion as to which medication is for which use. Historically,
red caps have heen used for mydriatic drops and green caps
for miotic drops, such as pilocarpine. The FDA now requires
the use of certain colored caps on several additional types of
ophthalmic drugs as a result of a cooperative effort between
the FDA, the ophthalmie industry, and the Academy of Oph-
thalmology. The intent is to help patients prevent medication
errors and improve patient compliance. The pharmacist should
counsel the patient or earegiver about the purpose of the AP
color coding and the importance of opening only one container
at a time so that the eap is replaced on the correct container, A
listing of the current coding is provided in Table 43-1.

Glass containers (using type 1 glass) remain a convenient
package material for extemporaneous preparation of ophthal-
mice solutions. Type 1 glass should be used. The container, well
rinsed with sterile distilled water, can also be sterilized by auto-
claving. Presterilized droppers normally are available, presteril-
ized and packaged in a convenient blister pack.

Invariably, packaging of ophthalmic ointments consists of
metal tubes with an ophthalmic tip. Autoelaving with either
heat or EtO can conveniently sterilize such tubes. In rare cases
of metal reaetivity or incompatibility, it may be necessary to
package ointments in tubes lined with epoxy or vinyl plastic.

Regardless of the form of packaging, consumer protection re-
quires that some type of tamper-evident feature be included.
The common tamper-cvident feature used on most ophthalmic
preparations is the moisture- or heat-sensitive shrink band.
Some form of identification on the band should be present, so
that its disruption or absence constitutes a warning that tam-
pering, either accidental or purposeful, has oceurred.

The eyecup, an ancillary packaging device, fortunately seems
to have gone the way of the community drinking cup. Use of
an eyecup will inevitably spread or aggravate eye infections,
Pharmacists should discourage their use, just as they should
take the time to instruet patients in the proper use and care of
eye medications. While ophthalmic administration may seem
simple cnough, it can be a foreign and difficult task for many
people. The suggestions and precautions given earlier (under
Types of Ophthalmic Dosage Forms) may be useful in instruct-
ing patients.

ANTIMICROBIAL

SERVATIVES

A preservative is a substanee or mixture of substances added to
a product formulation to prevent the growth of, or to destroy,
microorganisms introduced accidentally once the container is
opened for use,%192 Addition of the preservative is not intended
to be a means of preparing a sterile solution, for which other
appropriate techniques exist (discussed elsewhere),
Preservatives are used for topical ophthalmic produets pack-
aged in multiple-dose containers unless the formulation itself is
self-preserving, as is the case with some :mtimiaml?iat ])!‘()duuts
like the ophthalmic solution Vigamox (moxifloxacin). l'_]”\_ reg-
alations (21 CER 200.50) allow unpreserved ophthalmie liguid

products to be packaged in multiple-dose containers only if lllc,\i
are packaged and labeled in a manner that affords adequate
protection and minimizes the hazards resulting from aceident!
contamination during patient use, This can be ::L'cliﬂll’“‘“‘_l""d i
using a reclosable container with a minimum number of doscs,
which is to be disearded after 12 hours from initial opening 4%
which should be labeled appropriately.

Solutions intended for intraocular use should
preservatives beeause of the visk of irritation and damage
these delicate tissues. Medicines intended for chronic 0P
cal applications in paticnts who cannot tolerate preservative
should also be free of preservacives, Uni-dose ophthalmic solu-
tions are especially useful for patients with sensitivity © P/
servatives who nevertheless require daily medication, :mull‘ as
glaucoma patients or individuals ruquiril.ig chronic¢ “I’I’“C"“m‘l
of palliatives for dry eye. Ophthalmie solutions prcpilf‘-"‘i anc
packaged for a single application (i.c., 4 unit dose) need “U_r
contain a preservative, becanse they are not intended for I‘C“"_“"

The need for proper control of il‘|)|\l5]:l|ll1iL‘ solutions 10 p‘l‘-".
vent serious contamination was recognized in the 1930 '].I,“.-
first preservative recommended for use in ophthalmics b
chlorobutanol, as an alternative wo daily hoiling. ot

The selection of an ophthalmic |u'1:scr\':|[i\'u can be (Iﬂfl:
cult in part because of the relatively small number of suitable
candidates. There is, of course, no such thing as an jdeal ]“‘L:'
servative; however, the following eriteria may be useful in pres
servative seleetion. '

1ot contain
14

L. The agent should have a broad speetr
against Gram-positiv

1, heing active
and Grame-negative organisms 5'51
well as fungi. The agent should exert » rapid bactericidd
activity, particularly against known virulent organisms
such as Ps. aeruginosa strains,
2. The agent should be stable over a wide range of condi-
tions, including autoclaving temperatures and pll range:
. Other components of the preparation as well package
systems should be compatible with the agent. -
4. The preservative should cause neicher toxicity nor it
tion, within a reasonable margin of sufety.

5]

| part

Only through evaluating preservative substances ean a8 ¢ b
ci

of the total ophthalmic preparation in the proposcd packasé =
producers establish the adequacy of the preservative. “rfI‘UT:
for preservative effectiveness in ophthalmic produets are utfrfh”
compendial requirements in the US Pharmacopeia, Ert?'”#"“’“]_
Pharmacopocia, and the Japanese Pharmacopoceia, 2['.‘4'"‘[“ ‘“.f‘
thorities cxpect that products will meet these preservative Lw
fectiveness eriteria throughout their approved shelf-lives, ”]_[_‘ A
tinal packaging, and at the recommended storage condition®:
In addition to its effectivencss as an immediate meast™
formulators must also ascertain 2 preservative’s adequi foe
stability as a function of time, They often :lccnllll‘“"h.lh!:‘-\,é_
measuring both chemical stability and preservative ’-'”_cl."u g
ness over a given period of time and under varying C‘-’l“l!”nl]h;;
Many of these test procedures are not totally hpplicﬂhlu “;:c 1
preparation of an extemporaneous ophthalmic solution- I3
a situation the pharmacist must make seleetions I‘“"u,.l,
known conditions and physical and chemical ch:lr:w[cn’ftms.
guided by those used in commercial ophthalmic I“‘“""'“-ﬂ“m,w
In these circumstances it would be prudent o prepd™ =

ey or

| upon
105,

minimum volumes for short-term patient use. i s T8
The choice of preservatives suitable for ophthalmic l]L. for
surprisingly narrow, The classes of compounds availa “,“{,rv
such use are deseribed in Table 43-2.6% In each case 0F CAIEEE
there are specifie limitations and shost comings.
QUATERNARY AMMONIUM COMPOUNDS 10
Benzalkonium chloride (BACY) is a typical quaternary amt

3
i 3 sve used
nium compound and is the most common preservatve U

]
A o ; = oreent ¢
ophthalmic preparations, being present in over 65 I’LTLH:\U is
commercial ophthalmic products. Note the structire ol

—
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Table 43-2. Ophthalmic Preservatives®

Type Typical Structure
Quaternary ammonium
compounds Ry

[
R1—7 N* __RL §iE

I

Ry
Organic mercurials SHgCyHs
(thimerosal example)

COONa
Parahydroxy benzoates COOCH,
(methyl ester example) ;
OH

Chiorobutanol CH3

Aromatic alcohols

# slight departure from the general one provided in Table 43-2
N which there are three small alkyl chains on one longer alkyl
¢hain (the Rs). For BAC one of the R1's is a benzyl group. De-
SPite its widespread use, the compound has definite 1imit;mpns.
As a cationic surface-active material of high molecular weight,
'Lis not compatible with anionic compounds. It is iucompiil]h]ﬂ
with salicylates and nitrates, and may be inactivated by high-
Molecular-weight nonionic compounds. Conversely, BAG has
xeellent chemical stability and very good antimierobial char-
dCteristios, Given the alternatives, it is often better to modify
* formulation to eliminate the incompatibility than to include
4 compatible but less effective preservative. The presence of a
Surfactant, for example, may require higher levels of BAC to
achieve g adequate level of preservation.

The literature on BAG is somewhat mixed; however, this is
0 be expected siven the wide variation in test methods and,
Ideed, the chemical variability of BAC itself. The official sub-
Mance is defined as a mixture of alkyl benzyldimethylammo-
Uiy chlorides, including all or some of the group ranging from
l'L' il through 1n-C oy The n-Cyollh: homologue content is
At leage 4¢) pereent on an anhydrous basis.

Reviewso1 of BAC indicate that it is well suited for use as
ophthalmic preservative. Certain early negative reports

s:z'“_*:t:el} shown to be erroneous; in‘ some cases adverse tis-
dﬂ,_u'rL:tcnnns were attributed to BAC when, in f'acl, a totally
G r;—f?tiumnpmmd was used as the test nm[c.rlzll. Although
““h‘ilmﬁut] 1 most common (|nmu:’n=n'y preservative, others oc-
i’.\’ridil;i v mcnnqncd include falm.uclhomum chloride and cetyl
um chloride. All are official compounds. More recently,

an

-

OPHTHALMIC PREPARATIONS 923

Concentration Range Incompatibilities

0.004-0.02 %, 0.01% most Soaps Anionic materials

common Salicylates Nitrates

0.001-0.01% Certain halides with
phenylmercuric salts

Maximum 0.1% Adsorption by
macromolecules; marginal
activity

0.5% Stability is pH-dependent;
activity concentration is near
solubility

0.5-0.9 % Low solubility in water;

marginal activity

quaternary ammonium funetionality has been attached to solu-
ble, reasonably high-molecular-weight polymers. These agents
possess good antimicrobial effectiveness with fewer compatihil-
ity problems than the official quaternary preservatives.

Search for milder, safer, gentler preservatives for ophthalmic
produets, specifically artificial-tear and chronic-use products,
has been a challenge for many companies. As a result of this
research, some commereial products now incorporate these
improved agents as preservatives. Aleon has introduced many
lens care and ophthalmic products preserved with polvquater-
nium-1 (polyquad), a newer preservative of the same class as
BAC but with less cytotoxicity. More effeetive than BAC, these
agents also are effective at a lower concentration. Their concen-
tration in the produet can range from 0.005 percent to 0.0005
percent and yet still meet compendial preservative efficacy re-
quirements. Polyquad has been used widely in many lens care
and artificial-tear produets.

OXIDIZING AGENTS

Systems based on either sodium perborate or a stabilized oxy-
chloro complex are being used as preservatives based on their
ability to generate a mild oxidative and cytotoxic effect in aque-
ous media. Sodium perborate produces hydrogen peroxide as
the oxidative species, and the stabilized oxychloro complex is
a mixture of oxyehloro species but primarily comprises chlo-
rite and a trace of chlorine dioxide. Onee in the eye, the active
agents in either system are spontancously reduced to Iulrmlf.'ss
by-produets and have been marketed as so-called disappearing
preservatives in OTC produets for dry eye treatment.
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ORGANIC MERCURIALS

It is generally is stated that phenylmercurie nitrate or phenyl-
mereurie acetate, in 0.002 percent concentration, should re-
place BAC as a preservative for salicylates and nitrates, and in
solutions of salts of physostigmine and epinephrine that con-
tain 0.1 percent sodium sulfite. The preferred range of concen-
trations employed is 0.002 to 0.004 percent. Phenylmercuric
borate sometimes is used in place of the nitrate or acetate,

Phenylmercuric nitrate has the advantage over some other
organic mercurials of not being precipitated at a slightly acid
pIL As with other mercurials, it is slow in its bactericidal action
and it also produces sensitization reactions. Phenylmercuric
ion is incompatible with halides, for it forms precipitates.

The effectiveness of phenylmercurie nitrate against Ps. aeru-
ginosa is questionable; researchers have found that pseudomo-
nads survive after exposure to a concentration of 0.004 percent
for longer than a week.

Development of iatrogenic mercury deposits in the erystal-
line lens has occurred, resulting from use of miotic eyedrops
containing 0.004 percent phenylmercuric nitrate, three times
daily, for periods of 3 to 6 years. Although there was no impair-
ment of vision, the yellowish brown discoloration of the lens
capsule is reportedly permanent.

Thimerosal (Merthiolate; Lilly) is an organomercurial with
bacteriostatic and antifungal activity that functions as an antimi-
erobial preservative in concentrations of 0.005 to 0.02 percent,
[ts action, as with other mercurials, has been reportedly slow.

PARAHYDROXYBENZOIC ACID ESTERS

Mixtures of methylparaben and propylparaben are sometimes
used, as antimicrobial preservatives, mostly in ophthalmic
ointments; the preferred maximum concentration of methyl-
paraben is in the range of 0.1 percent, its NOEL, while that of
propylparaben approaches its solubility in water (>0.04 per-
cent). They are not considered efficient bacteriostatic agents
and are slow in their antimicrobial action. Ocular irritation
and stinging have been attributed to their use in ophthalmic
preparations.

SUBSTITUTED ALCOHOLS AND PHENOLS

Chlorobutanol is reportedly effective against both Gram-pos-
itive and Gram-negative organisms, including Ps. aeruginosa
and some fungi. It is broadly compatible with other ingredi-
ents, and manufacturers normally choose a concentration of
0.5 pereent. One of the products of hydrolysis is hydrochloric
acid, which causes a decrease in the pll of aqueous solutions,
This decomposition oceurs rapidly at high temperatures and
slowly at room temperature, in unbuffered solutions that were
originally neutral or alkaline. Therefore, ophthalmic solutions
that contain chlorobutanol should be buffered between pll 5.0
and 5.5, and generally packaged in glass containers. At room
temperature it dissolves slowly in water, and although heat dis-
solves it more rapidly, loss by vaporization and decomposition
is accelerated.

A combination of chlorobutanol and phenylethyl alcohol (0.5
percent of each) has been reported to be more effective against
Ps. acruginosa, Stuphylococeus aureus, and Proteus vulgaris
than either antimicrobial singly. In addition, dissolving chlo-
robutanol in phenylethyl aleohol before dissolution in water
eliminates the need to heat the solution.

OTC PRODUCTS FOR DRY EYE

Dry eye is a condition that can be either an annoying irritation
in its mild form or a painful and destructive pathology in its
severe form, damaging the corneal surface and interfering with
vision. Possible causes of dry eye include decreased tear pro-
duction, increased tear evaporation rate, or an abnormality of
the tear film that decreases its natural eapacity to proteet and
lubricate the epithelial tissues. It is one of the most common

G

care

complaints of patients secking treatment from their €Ye e
- gely

doctor. This condition is somewhat unique in that it is lar H
treated with OTC monograph drug products, and the plmrmdh
cist is often asked to assist in its selection.® These products
are variously known as artificial tears, ocular lubricants, demt
cents, or emollients, and are available as solutions, gels, oF D"I“'.
ments. Also unique is that these dry eye products are often ll‘-
essential viscous-vehicle component of therapeutic ophthalmic
products. Several reference books include rhe compositions @
the various commercial dry eve products.

OTC dry eye produects contain water-soluble polymer 3
tive ingredients that protect and lubricate the mucous membrane
surfaces of the conjunetiva and cornea, providing (cmporill'.\".
relief of the symptoms of dryness and irritation. The polymers
thicken the tear film and decrease the rate of tear loss in {ldd’l'
tion to lubricating and protecting the tissues. Mucin is @ n;;[um‘
lubricating component of tears, and thus, dry eye p]‘[)l.l!,lC[ﬁ-iil"(;
expected to provide a mucomimetic effect. The ac(ivu-ingrcdu:‘ﬂh
demulcent (lubricant) polymers in these products, along \U_‘]
their permitted concentrations and labeling, are defined in ‘u[
OTC monograph issued by the FDA.% The monograph does Il‘i[
specify viscosity grades, and therefore, a wide range of pr(Jth_l'i-\
viscosities is available. The more viscous products can provide
longer duration of relief; however, they are also more Ii]wl?zlujI
blur vision and leave a residue of polymer on the eyelids. T “]‘
OTC produets vary in their choice of polymer or c{)ml:i[}attﬂl‘
of polymers, concentrations, and viscosity. The majority ol 0 |
dry eye produets contain one or more of the following pl-.'t'ﬂ“_e
ted polymers: cellulosies such as hydroxypropyl nw[lﬁ-']l:ﬂl_*‘-*"f"q
(hypromellose) or carboxymethyleellulose sodium; polyol llLIU‘F_‘.
such as glycerin, polyethylene glycol, or polysorbate 80; ;wl}’;!‘
nyl aleohol; or povidone. Dextran 70 can be used only in cont 2
nation with another permitted demuleent polymer. e

The inactive components of OTC dry eye produets are sum_"c
to those used in therapeutic ophthalmic products and rc:qult‘l
equally careful selection, keeping in mind that the monogral"
products are labeled for use as often as needed and thus ﬂ“’;
be nonirritating and physiologically compatible. In the mod(f]5
ate to severe forms of dry eye, the product may be doses I."
often as every hour, and in the especially severe cases, a3 ufn;_
as every 15 minutes. The preferred vehicle is aqueous for 1“-‘.
plenishing natural tears and dissolving the active and i]_l:u:[i.t
ingredients. The vehicle is usually adjusted to be isotonic W
sodium chloride, and in some cases other salts are used 48 we -
as nonionic ingredicents, such as dextrose and mannitol: 50.”:';
cases of dry eye have been reported to produce tears that ‘Iic
hypertonic, and several products feature a slightly hypoton —
formula to restore the natural tear osmotic pressure. The 1’“’“[
ucts generally are adjusted or buffered to provide a pll of ab0
7.4, but rarely outside of the range of about 7.0 to 8.0. il

Storage of solutions of some polymers, notably pu]ywm{ ;0'
cohol, can lead to a more acidic pH. The preservative ch l‘}uﬂ-
butanol also produces an acidie pll ag it degrades in s(;]u!tiqu_
The bicarbonate included in some products is a more P!‘};s
ologically compatible buffer that requires a hermetically H‘—I“mh
secondary package for stability. Some products i:1c]11d!»"-’ N
monovalent and divalent chloride salts in ctheir vehicles lf]r::
attempt to mimic the electrolyte composition of :ulturnl_m;l‘l-l{

The majority of dry eye products contain a preservative ;rs’
are packaged in multiple-dose plastic ophthalmic contain
As in therapeutic products, BAC is the most widely us¢
servative. Newer preservatives having improved compa. 156>
with ocular tissues, such as Polyquad, are increasingly i1 o
as well as the “disappearing” preservatives sodium pgrl)lﬁ;ch
and Purite. Sodium perborate forms hydrogen pcr(}xidc, W e
can be irritating in the eye bu quick])} degrades to (IXY!:‘.CI;; w0
water. Purite is a stabilized oxychloro complex that degras .01-
sodium chloride and water when exposed to Irmﬁ'-'“’"wlu
ultraviolet light.

Preservative-free products are also available and 2%
ing popularity, particularly for patients with chronie drY

g as ac

gsu‘n-
eyeé
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conditions and those who are sensitive to preservatives. These
products are packaged in form-fill-seal unit-dose containers, but
manufacturing considerations dictate that they contain enough
Product for several doses while bearing labels indicating that
they are to be discarded after a single dose. This problem has led
Lo the introduction of a modified package with a reclosable cap
allowing its use as a small-volume multiple-dose container for
Preservative-free products when for safety reasons they are la-
beled 0 he discarded no longer than 12 hours after first opening.
The large majority of dry eye products are solution dosage
forms administered as eyedrops, but gel-like and ointment dos-
age forms are also available. People who suffer with dry eye
o1 who have a defect in lid closing that causes increased tear
“Yaporation benefit from the these ointments, which consist
Primarily of n mixture of petrolatum and mineral oil that im-
Parts emollient properties. Lanolin is sometimes added to the
Mas¢ to provide some water miseibility. The ratio of oils can be
Varied for consistency and melting temperature. Patients pri-
Marily use the ointments as a night-time medication, because
they usually cause a blurring of vision. Several produets bearing
labels identifying them as gels or liquid gels are aqueous-based
dosage forms containing one or more of the permitted lubricant
Polymers, The gel dosage form identificr is used to designate a
More viscous product; however, the dosage directions read the
Same s for the eyedrop produets (instill one or two drops as
needed), as this dosage statement is the only one permitted for
dry eve products marketed using the permitted lubricant poly-
mers under the OTC monograph.
One disadvantage of most OTC dry eye products is their rela-
tively short duration of effect, Several products have beeome
Wvailable that incorporate novel delivery system technology
to these products to prolong the duration of the lubricant and
Protectant effects of the monograph active ingredients. One
Product, AquaSite, %7 incorporates the polymer polycarbophil,
and in a more recent produet, Systane," a modified hydroxy-
Propyl guar polymer forms a gel-like matrix when the product
“Omponents interact with the tear fluid.

CONTACT LENSES AND THEIR CARE

HISTORICAL BACKGROUNDSS-71

Evide

nee suggests that the concept of altering corneal power
Was first envistoned by Leonardo da Vinei early in the sixteenth
Century. In the next century, more than a hundred years later,
Ren¢ Descartes deseribed a device, a glass-filled tube in direct
Conger with the cornea, capable of implementing this concept,
lhuuﬂh it prohibited blinking and so was not a practical solu-
t.l.““' In the carly nineteenth century the British astronomer
:\lr John Hersehel deseribed the mathematies of these devices
;:'::l‘l‘l"mnsud a means of treating very irrcgplar c'nrnc.'m.hy s~
“_:‘i" ]2'-"“3 capsule filled with a gelatin soltltlufl: !.mn until 1888
‘\"I:ul '¢ original concept exceuted by l‘h(: artificial-eye maker,
of s 'It.Muliur. He made a glass protective shell !or the cornea
™ A‘_""“?“i"hthil'lllil.‘ patient who had careinoma of the upper lid.
“..:: Patient wore the deviee for 20 years, and corneal clarity
S Maintained,
the ‘;‘i lﬁerlmps the first contact [cnmfs, suluful lenses l.'l.‘:;li.nj_'; on
angd I:: Imr conjunctiva beyond the lm?lml ring, were i:]]vr!cntgd
Zurich l?}' ll_)u (icrn?:m uphtlmhlwlm.i,wt‘A.l*.. Fick, wnrk‘mg in
sclera] ate in the nineteenth century. _ana_lct lenses without
“ilr])-. ; 1‘Uf(lltms (corneal lenses) were in existence a |i.'i'l.\‘[-: -
Glags ":‘ 1912, when they were manufactured l)y Carl Zeiss.
ally l I‘:(‘mtlrmses 1)1-t:d1190L| !?y Fick a‘ud others, \.aviulc coneepiu-
in the '[c“—ilr? “{'Fj“"d‘ suffer f]sulmlr za}.;)nnhl)'f rapid deterioration
Wag “!'!dlii fluid, However, they had the advantage that the glass
e Cily wetted by tears.

wu;"‘?:]-';ti::u;;m;‘iuu‘Iin lhcl t‘\\.‘gmic,ith century .le(l J. Dallos,
Miderngy, udapest, to pereeive the importance of tear flow

ath the contact lens. Dallos also took impressions of

human eyes to improve the fidelity of the ground lens to the
shape of the cornea. The first contact lenses, scleral lenses
made of plastic in the late 1930s with polymethyl methacrylate
(PMMA) from Rohm and Haas, are attributed to W. Mullen and
1. Obrig. The advantages of durability and weight reduetion far
outweighed the slight differences in optical properties. And in
1948, K. Tuohy filed a patent for a plastic corneal contacrt lens.
With the advent of PMMA, a flush-fitting shell became possible,
a concept developed in England in the 1950s by Ridley. The
first corneal lenses to have any measure of commercial suc-
cess were developed in the early 1950s by F. Dickinson and
W. Sohnges. lts thickness was about 0.2 mm, considered to be
fairly thick. Thinner lenses, of about 0.1 mm, were introduced
in the early 1960s.

The first soft contaet lenses consisted of silicone, an elasto-
mer nearly devoid of water but with good permeability to oxy-
gen and carbon dioxide, However, the first soft contact lenses to
be commereialized were of hydroxyethyl methacrylate hydro-
gels, developed by O, Wichterle and ). Lim in Czechoslovakia
in the carly 1960s. Continuous improvements have progressed
to the present day, including milestones such as silicone acry-
late rigid gas-permeable (RGP) lenses in the 1970s, disposable
inexpensive lenses in the 1980s, and daily disposable and sili-
cone hydrogel lenses in the 1990s,

With the advent of commercialized, relatively comfortable,
inexpensive corneal contact lenses, the need for lens care prod-
ucts developed beginning in the 1950s and, as summarized be-
low, a great variety of functionality now exists, depending on
the requirements of the individual products.

From a regulatory perspective, during the period from their
approval by the FDCA of 1938 until the US Medieal Device
Amendments to the FDCA of 1976, contact lenses and contaet
lens care produets were regulated as drugs. Although during
this period a device was defined in the FDCA, many medical
deviees were thought to be “used for the eure, mitigation, or
prevention of disease,” leading to their classification as drugs.
With increased activity in industry and significance of bio-
medical devices in maintaining health, congressional aware-
ness arose regarding the advantages for greater regulation. The
amendments made provision for three classes of device, with
different requirements for each. Those with least risk were as-
signed to elass 1, and those associated with inereasing risk, 1o
a progressively higher class. If safety and efficacy of a device
could be reasonably assured by “general controls” (including
restrictions on design, production, storage, maintenance, and
use), then the device was assigned to class [, which may be
exempted from the requirement for a 510(k) (the section of the
FDCA that allows for clearance of class 11 medieal devices: see
later) but still require company or product registrations. Under
the 1976 amendments to the FDCA, contact lenses and lens
care products were reclassified as class 11 deviees, requiring a
premarket approval application and approval by the FDA before
marketing,

However, by 1990, following years of experience with certain
devices in the marketplace and recognition that little purpose
was being served duplicating regulatory investigation of sub-
stantially equivalent safe and effective devices, Congress passed
new legislation. The US Safe Medical Devices Act of 1990 au-
thorized reclassification of certain contact lens and lens care
rlirnduc.ts as class 11 devices, requiring special controls in the
form of a 510(k) submission and clearance. The products cov-
ered by this reclassification include solutions, dry produets,
tablets, and disinfecting units used in caring for and disinfect-
ing soft (hydrophilic) and RGP contact lenses. In March 1994,
the down-classification of two types of daily-wear contact lens-
es, from class 111 to class 11, was implemented by a rule in the
Federal Register. In July of 1997 a similar down-classification
of certain contact lens care products, including multipurpose
solutions and in-eye contact lens solutions, was implemented
by a rule in the Federal Register. Extended-wear contact lenses
remain governed by class 11 regulations.
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Lens Type
Hard, rigid, hydrophobic

Chemical Classification
PMMA (polymethyl methacrylate)

Soft, flexible, hydrophilic HEMA (hydroxyethyl
methylmethacrylate)

Flexible hydrophaobic Silicone rubber

Silicone vinylpyrrolidone

Rigid, hydrophilic CAB (cellulose acetate butyrate)

CONTACT LENSES, CURRENT ART

As a consequence of these years of development, the consumer
currently can choose from an enormous selection of contact lens-
es and lens materials. There are basically four classes of lenses,
and the identification of these classes is both by polymer type
and lens characteristies: hard contact lenses, RGP contact lenses,
soft hydrophilic contact lenses, and silicone-based flexible hydro-
phobic lenses. These elasses are summarized in Table 43-3. Hard
contact lenses are generally fabricated from PMMA or polysilicone
aerylate polymers or co-polymer blends containing one of these
materials. RGP contact lenses are generally consist of more polar-
izable and oxygen-permeable materials such as cellulose acetate
butyrate, t-butyl styrene, or silicone polymers or co-polymers.
These lenses generally provide visual acuity superior to that of the
more flexible soft contact lenses. The US Adopted Names (USAN)
designates these hydrophobic lens types With less than 10 pereent
water by the sutfix focon. However, RGP lenses have a low oxygen
permeability and so should be removed and cleaned after a dayv's
wear; morever, because of greater lens awareness, especially a
new wearer, should wear them routinely (i.c., not intermittently).
They are durable, however, and so may be preferred beeause the
replacement schedule is extended. RGP lenses with higher oxy-
gen transmissibility tend to be preferred, especially in compari-
son with hard contact lenses, because the improved exchange of
gases assists in maintaining the health of the cornea.

The third class of contact lenses, soft hydrophilie lenses,
is fabricated from such a wide variety of materials and their
blends that the FDA has grouped them aceording to two param-
cters, ionicity and water content (either low or high, less than
or greater than 50 percent water):

e Group | includes the nonionic polymers of low water
content, such as polymacon, a simple poly(hydroxyethyl
methacrylate) (ITEMA),

Group 1l includes the nonionic polymers of high water
content, such as alphafilecon A (a co-polymer of five mono-
meric units: HEMA, vinyl pyrrolidone, ethylene dimethac-
rylate, hydroxyeyclohexyl methaerylate, and a substituted
vinyl carbonate),

Group I includes ionic polymers of low water content,
such as bufileon (a terpolymer of HEMA, dimethyl oxo-
butyl acrylamide, and the trimethacrylate ester of cthyl
t-butane triol with some level of hydrolysis of the esters
to the free acid) or ocufileon A (a terpolymer with HEMA,
methaerylic acid, and ethylence dimethaerylate), and
Group 1V includes ionie polymers of high water content,
such as a higher water content ocufileon B/C or etafileon
(a terpolymer of 1TEMA, the salt of methaerylie acid, and
the trimethaerylate ester of ethyl -butane triol).

PHARMACEUTICAL DOSAGE FORMS: MANUFACTURING AND COMPOUNDING

_ Table 43-3. Contact Lens Classes, Characteristics, and Support Products

High water content, low gas permeability,

good wettability

Good gas permeability; poor wettability

Good gas permeability; good wettability
Good gas permeability; good wettability

The final elass of contact lenses, considered either # £r¢
of harder soft lenses or a group of softer RGP lenses _“\ <
oxygen solubility and transmission, is that of the mll:wl(iﬂ
Lil'l‘)ﬁ,ul lenses. These silicone and fluorosilicone l_!l:l[Ll
candidates for continuous extended-wear applications:

Such diverse functionalities provide distinet propert
dition to water content, ranging from oxygen and I1-1T']ilV ;
transport, hardness, and flexibility, through proeessd ity
durability and stability. More complete lists of the
used in contact lens manufacture are available, but e
the USAN Couneil designates these hydrophilie lens BP9
sreater than 10 percent water by the suffix filcon.’=
nomenclature adequately distinguishes monomer &4
and the alphabetical trailing designation indicates ¢
in ratios of monomer units, one nust remember that
es in erosslinker (often ethylene glyeol dimethaerylate),
tor, catalyst, filler, or color additive are not LlulitlczllFt!-

While this is a reasonable overview of the cmcrit?l_‘lt‘" ‘:] 2
es for the materials composing contaet lenses, iCIs f‘t'_
complete list with regard to the propertics that c_um.‘t
the consumer and his or her practitioner in selecting
lens. In addition to the chemical composition, the fo |
choices are necessary: (1) duration of wear (daily v :J‘(]]d
ous), (2) lens replacement schedule (daily vs. lm\f.t.lcm
monthly vs. quarterly), (3) lens design (:-&plluri.czﬂ, Loric,
cal), (4) colored or clear, (5) means of II]:LII[I1:’!U[UF i
or cast-molded), (3) edge design (which can affe¢ A
overall fit, comfort, and acuity) and lens thickness, (6
characteristics, like the selection available for |
lens diameter, and (7) a
With this multiplicity of choices and the subtlety

Major Characteristics

Negligible gas permeability, low water
content, medium wettability

Typical Support
Products
Wetting solutions
Soaking solutions
Cleaning solutions
Combination
Artificial tears

ning solutions
g!:;fec?ion solutions
Wetting solutions
Cleaning solutions
Soaking solutions
Wetting solutions
Cleaning solutions
Soaking solutions
Rewetting solUtions
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But ultimately, the consumer’s personal metr
convenicnee, and cost—also remain significant fac
seleetion rates. For example, patients with drier ey
likely to prefer group | lenses. )

In addition to their use in vision correction, solt =
es, like collagen shiclds, find occasional use furtllauru]l.':
poses, serving as bandages providing protection 111 £res
bullous keratopathy (or other forms of corneal edem?
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They are also efficacious in sustaining the delivery O
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tic agents, as discussed previously, Patients will ha he

for lenses that are used for these therapeutic purpos
same preparations as those needed for lenses preser
fractive correetion.

In summary, both doctors and consumers of cont®
have a broad range of alternatives. Current lens mate
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the solutions to maintain them (next section) provide a wide
selection of properties suitable for individual ocular health re-
quirements and preferences.

CONTACT LENS CARE PRODUCTS

General Considerations

With the previous two sections for background, we are ready
t0 discnss those preparations produced for the care of contact
!'“"wus. For all of the specialized solutions to be ‘“"“““SHCS!‘ s
1S generally necessary (1) to adjust pll, tonicity (osmoiality),
surface and interfacial tensions, and viscosity; (2) preserve and
Maintain sterility; (3) assure stability and sheli-life; and (4)
Package and sterilize appropriately. In the United States these
solutions are class 11 medical devices, ™

Wetting Solutions

Th’:‘h‘t‘ are lubricating and cushioning preparations designed
Lo turnish a hydrophilic coating over the characteristically hy-
drophobic surface of PMMA, silicon, acrylate, and other rigid
lens surfaces. Typically, wetting solutions include an aceept-
able viscosity-imparting agent, a surfactant, and a preservative.
The surface-activity and viscosity effects may be obtained from
a single compound. Agents commonly used inelude cellulose
derivatives, polyvinyl pyrrolidone, polyvinyl aleohol, and poly-
cthylene glycol derivatives. The need for surface-active agents,
Which facilitate wetting of lenses and spreading of tears, is
Sreater for hard contact lenses because of their hydrophobic
Surface characteristics. Preservatives include those accept-
able for ophthalmic use, including polyquad and a polyhexyl-
Methylene bignanide, called PHMB or DYMED.

Cleaning Solutions
”leaninﬁ, solutions commonly are used to remove surface con-
fminants—lipids, protein, organic salts, and the like. Clean-
g is accomplished by the use of surfactants that preferably
¢ nonionic or amphoterie. Viscosity-imparting agents gener-
ally are not included. Some cleaning agents also include a mild
abrasive: silica for R iPs or plastic particles for soft lenses.
Adequate eleaning of hydrophilic lenses is a far more u_(m'.;':]u:(
and challenging problem than for hard-lens cleaning, Because
t." their permeability characteristies, contaminants penetrate
Mo the lens structure and may bind chemically or physically
Lo the MEMA or jonie portions of the lens material, Contami-
:};'.lms mln}.' be surface films or L‘r}'sl:*l-‘h ;mmrph.uus ugp:regatc.s
l““’lﬂ-‘ln material, cellular debris, or insoluble inorganic h:ﬂF.\‘
_ Mleaning products penerally are specifie to the lens material
:?d fequire FDA clearance, with proof of eleaning efficacy fmcl
‘:r tlv Cleaners are based on surface activity, enzyme EjL‘t‘IO.IAl],
i Iwn ;xln-_ndnm action, in wliicI! case the :ihri‘ldzill[ material
USE be softer than the lens itself. Adequate daily cleaning of
L}z;l:‘."’m““ lens material can enhance clisinlfectimlm but il'l' some
Ul‘fu]h ';_“f.‘r' not be necessary, given the choices of ff{da}_\’:?’]]).c;w-‘
b L'it; 13.'mlcmim.‘, solutions {l[](! enzymatic c!i.‘-(u1uvrh.]‘.i'\|c'.n a ?’lL
plang, llir a tableted or liquid form. Mnst‘rcuumly. (.11 y-\\:e.lr
vL_“ti“'""'elwlzlcnf1|1u:1t lenses have quz?d wide ncat'epmn.(,c. Con-
ing g, )!“‘1“3' their successful use is reliant on enzymatic clean-
' Logether with special disinfectants. However, extended-wear
Cses, soiling at a lower rate, require only rewetting drops
'e significance of adequate cleaning cannot be overstated.
roperly or inadequately cleaned and maintained lenses are
1ps the most important contributors to complications as-
\,;{t'“‘.d “’if|.l the wear of contact lenses e‘.}u':h as discomfort, loss
Isual acuiy, conjunetivitis, and keratitis.
Ql“'dntr,i ‘1&; two types f’f clu.-mil_]}.i_ sf)lmitmf:. daily and wuck!y
Zymes 1 (:‘U‘]‘}.\"':h‘l.cil!'llill.“ solutions may include p'rutcut:,-nc
ike p?l]‘;q;-@‘."t-h“hn:"-“n‘ ora h‘m.;lr.l-.spuu:.rm].l less toxic enzyme
“tiviyy) ”.1 ‘m (‘w mfh contains protease, lipase, _:md :uny_]:isc
Achigyy v;lul-_ concentrated surfactants. Daily-cl aning solutions
aning using less aggressive surface-aetive agents and
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Yiers, often nonionic but nongolubilizing agents that will be
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less toxic if carried over into the eye. Examples include Tween
20) or 80 (types of polysorbate detergents) and tyloxapols (sur-
factants). A daily cleaning solution even containing a nontoxic
enzyme is available (SupraClens).

The goal is to provide thorough cleaning of the lenses for the
benefits deseribed previous without causing any degradation of
the lenses.

Disinfecting Systems

Disinfection of the first hydrophilie lens approved by the FDA
was accomplished using a heating device that generated steam
from a saline solution. The latter was either prepared by the
user or available from the manufacturer. Subsequent to the
so-called thermal systems, requiring heating at 80°C for 10
minutes, disinfeetion solutions were developed that met the re-
quirements for FDA approval while not damaging the more deli-
cate soft lens materials. Because of the sorption characteristies
of hydrophilic lens materials, many of the aceepted ophthalmic
preservatives are unsatisfactory for use in soft-lens disinfecting
systems, including the ubiquitous BAC. Onee again, however,
the use of a quaternary disinfectant covalently bonded 1o a
soluble, relatively high-molecular-weight polymer has met with
some success. These have to a large extent replaced chemical
antimicrobial agents like sorbic acid, thimerosal (containing
mercury), and hydrogen peroxide, among many others. Per-
haps the most common in current use are a cationic polymer,
polyquad, and a polyhexylmethylene biguanide.

In addition to possessing satisfactory disinfecting activity
such a preparation must be isotonic, be in an aceeptable pH
range, be nonreactive (nonbinding) with lens materials, and
over a normal use period induce or bring about no physical,
chemieal, or optical changes in the lens. [t is, of course, sterile
and safe for use in the eve, even though direct instillation into
the eye is not intended,

Soaking Solutions

Soaking or storage solutions, as the name suggests, serve in
storage and hydration of hard or RGP lenses but, most impor-
mmlg;r, in disinfeetion of such lenses. Disinfeetion should be
rapid and as complete as possible, making use, once again, of
aceeptable ophthalmic preservative substances. Soaking solu-
tions typically contain chlorhexidine (gluconate), benzalkoni-
um, or quaternary/polymer compounds, enhanced by sodium
edetate. Soaking solutions are intended to be rinsed off lenses
before insertion.

Rewetting Solutions

Solutions intended to rewet hard or RGP lenses in situ are
referred to as rewetting solutions or lubricating drops. Such
preparations are intended to reinforee the wetting capacity of
the normal rear film. Early products of this type tended tw be
somewhat viscous wetting solutions, acceptable for direct instil-
lation into the eye. More recent preparations mimie tears more
aceurately, and their viscosity may be rather low, to improve
user acceptability, or adjusted to be responsive and to improve
retention and duration of the wetting characteristies.

Multipurpose Solutions

By combining the actions of two or more of the solutions just
deseribed, these products simplify regimens, improve compli-
ance, generally increase the comfort of contaet lens produets,
and greatly increase the convenience of using contacr lenses.
For soft contact lenses, multipurpose solutions have to com-
bine only the functions of cleaning and disinfection, whereas
a complete multipurpose solution for a hard or RGP lens must
also provide some level of wetting. Suffice it to say that these
solutions, which contain an intricate balance of ingredients,
have grown in popularity significantly because of the greatly
increased level of convenicnee they provide. Their _cmc:wy
often precludes the need for separate cleaning solutions for
many patients.
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928 PHARMACEUTICAL DOSAGE FORMS: MANUFACTURING AND COMPOUNDING

g il & Wilkins,
Practice of Pharmacy. Baltimore: Lippincott Williams £

GUIDELINES ZOR SAFETY AND 2000; Chap 47. —
EFFICACY TESTING 13, Edelhauser HE ez al. Inwitro jon and water movement 5B

Z o e nE R ¢ ¥, 0654 290-=
The FDA periodically issues or updates gnidelines describing nEag ol Rainbow "_”“”'“Lff“Pf"f"h’"“"’ 196 b ohavior of et
recommended test procedures for contact lens care products 4. Schoernwald RD, Ward RL: Corneal penesration beb¥ s I fges
) : 5 p s v suidelines blocking agents I: physiochemical factors J Pharm 5¢t
The reader is advised to review the most recent guidelines for Stce i3T5 /

. . =DD=la s )
appropriate requirements. = . ; el porTiel
1pF‘uri;:-:l‘n ﬁuigciil:e:(fcnvur all lens care products. Applicable 15, Edwards A, Prausnitz MR. Predieted permeability of the

i ¢ : 3 L e e ical drugs Phar 25 2001518 14971508 i
3 . s Cy tEM LB o » 281 VY Hi (¥ H Y
lution, cleaning solution, multipurpose solution, and rewetting % ‘”I"“ IL & "y !;;nk 8 Rhodes (3T P Is. Modern Pharine
drops) and the claim (e.g., disinfection in a regimen as opposed ca I’_m‘i l_.;L:h‘ in- \ " L“ S _M‘ 1\ HIL;’ ” L: \;r‘m A
to a stand-alone process). Safety testing includes determina- i e il
tiont;~ of eytotoxicity, oral toxicity potential for sensitization 17. Shell JW. Pharmacokinetics of topically applicd ophth

v ¥ € s i b h £ i 0
o 3 % % 5 y rugs Suro € 982:26: 207-218 :

and single to multiple exposure in an animal (rabbit) eye. The drisgéSury et ARG 20721 ved ophthalmic
tests designated depend on the active ingredient (e.g., if it is a 18 Pacon TE, Pharmpcokinetio evidenee for jmproveciol Sei
ests designate: % B =F v B redis L 1 A s . J Phorm ot
new entity or has been in previous products) and its concentra- “:‘-'l‘. li‘-r"\;l}_:}t:;ﬁ'}l“ﬂl"” of instilled volume J 11
tion (e.g., if it is the same or different from that used in a cur- ; lr ,77‘ A 3 T =  the ocular dis
rently appr(}vcd product). Efficacy of preservation, disinfection, 149, Vaidy lzll]'iilll.1 tlu L-F “ _hUI‘IlII;‘.:IiID.l'IIU u\-u]u.m:m n{ e |=;H-13““

| cleaning, compatibility with lens or lens types, and clinical position of F-imirestac in rabbits Phearm Res 199044 )
anibades X 2 3 R s types, ¢ 4 v : ; = : anner tip desig
?:.;.,H are .I]:E: required, with their type and scope r.llc:pcmlcm o 20. Sanwvlicr LV, Ludwig A. Influence of the dropper tip desig

als are als bt : S % X s gize of eve-drops Phar 2001 36.0; 4021049
product type, characteristics, ingredients, and claims. the size of eye-drops Pharn Ind 2001:03: 4

ol

21, Gonroy W, Maren TH. The ocular distribution of met ¢
i 1 £ob 5 . effeet O
amide after corneal and seleral administration: the effeet
SUMMARY ionization state J Ocwd Pharm Ther 1998:14: 565-57 uation
valud

- Lee VIIL, Robinson JR. Mechanistic and quantitative © Jheertt
i

There has been considerable progress in ophthalmic Dhill’l’]]u- of precorneal pilocarpine disposition in albino rabbitsJ 4
ceutics and in lens care products during the last decade. Very

) i 7 Set 1979:68: 673-684
substantial advances have occurred in designing vehicles and

23, Lee VL. New dircetions in the optimization of ocular drug
packaging for highly potent active ingredients presented at very delivery J Ocul Pharmacol 1990:6(2): 157164
low concentrations; in increasing ophthalmic bioavailability 24. Lang JG, Stiemke MM, Biological harriers to poular delivery:
and controlling factors influencing ophthalmic drug absorp- In: Reddy 1K, ed. Ocular Therapeutios and Drig Deliven 4 .
tion; in the design of implants and means of delivering them for M!{f”‘(“ﬁL“f;i“‘nut‘\'.'lppr'uut‘h‘ Basel: Technomic Publishing AL,
providing therapeutic agents to the retina and other deep oph- 1996: 51-132. ’
thalmic tissues; and in devising robust yet delicately balanced 35, Martin AN ee o Bhessisal Pl Hiisioal i POv
multipurpose solutions for contact lens wearers, Continuing ciples i the Pharmacentioal Soicnees. | iladelphia: Lea &
advances in the general field of ophthalmic pharmacentics and Febiger, 1983,
pharmacokinetics can be expeeted to assist in maintainingand 54 {j5iced Staces Parent No, 4,861 ,760 (Merck Manual)
improving ocular health.

27, United States Patent No. 5,212, 162(Lang)

28, United States Patent No, 6,174,524 Bawa). g6l
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