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INTRODUCTION1 

Ophtlwlmic prcpara titms ,1rc specia lized dosage forms designed 
co he insiillctl onto the external s11rf,iee of rhc eye (topical ), atl-
111inisccrcd ins ide che eye (intraoc11lar ) or :1d,inccm coil (pcrioc
ular, e.g., juxrasclcrnl <i;. subtcnon ), or used in conjuncrion with 
:111 ophthalmic device. The latter include preparations used in 
conjunction with sur_gicnl impl:mwrion (such m: :111 imrnocular 
lcn~) ;111d dry c~1c fornrnlarions comp:1tiblc with a pun~tal appli
ance (e.g., :1 pu11crnl plug), 1,1ntl extends to a varie ty of solutions 
used in the maintenance of comact lenses. The prcp:trntions 
may have anv of several purposes (e.g. , rhcrnpeutie, prophylac
tic, or pa ll iative for ropic:1lly administered agents) hut include 
111cchm1ic:i l, el1Cmic:1I, mid hiochcmicnl accions ol agents used 
in 1hc c:1rc of ocular appliances and tissue prophyl;1xis during 
or following s urgery. Because of the dangers associ.1ted with the 
administra1io11 or repetitive administrntion of intraocular and 
pcrim:ular prcparnrions, rhcir suitabi lity is restricted to thera
peutic applicalions or surgical .1d_iu11crs. 

The versatili ty of dosage forms of ophthalmic prcpararions 
:illows the cli11i~i:u1 rn d1oosc the form mosr s uirnblc for the 
function desired. T hcrnpculic:dly active formulations can be 
dcsigni.:d to provide exte nded action for convenie nce or for 
rcduc1ion in risk of repeti t ive administration, improved bio
av:1ilahili1y of t he a,gclH, or improved delivery to a targeted 
1ii;suc. The ri.:s idcncc of an ocular prcparntion can range 
from 1hc fow seconds need ed for cc11rs to clc:i r a n irritating 
suhsta11cc; 10 hours for a gel, n gel-form ing solmion , or an 
oi11 1111c11r; 10 nicrnths o r years for an inrrnocular o r pcriocu
lar dosage form. ,\ prcpii ratio n may he s1 rictly therapeutic 
o r ma ~· serve i11 prophyla.~is. The latter inc ludes surg ical :1d
ju11c1s 10 nrnint:1in 1hc hc:ilth of fragile cells, and posrsurgical 
or posc-trnunw prcp:1rnlions designed LO prevent or reduce 
rhc likel ihood of infocrion. Another form of prophylnxis, o ne 
for :1 dc,·icc. is 1hc a1Hisoiling fu nction provided by some con-
1.1c1 le ns solu1io11s. 

Opl11hal111ic prcparmio11s ,ire s imilar to parenteral dos:.1gc 
forms in 1hcir requirement for sterility as well as considerations 
for os11H>1ic pressure (wnicilv), preservation , tissue compacihi l
ity, the avoidance o f pyrogcns in intraocul:tr dosage fon n:-, par
licul:itc niacrcr, and s uitable packaging. 

SUBCONJUNCTIVAL INJECTIONS 917 

RETROBULBAR INJECTIONS 917 

PREPARATION 917 

PHARMACY COMPOUNDING 918 

STERILIZATION 918 

OPHTHALMIC PREPARATION CHARACTERISTICS 919 

PACKAGING 921 

ANTIMICROBIAL PRESERVATIVES 922 

OTC PRODUCTS FOR DRY EYE 924 

CONTACT LENSES AND THEIR CARE 925 

GUIDELINES FOR SAFETY AND EFFICACY TESTING 928 

SUMMARY 928 

Topic:il thcrnpcucic dosage fonns have customa rily been 
rescncted to solutio ns, sus pensions, ~nd ointments. But with 
:idvances in materials scie nce, the range of ophtlrnlmic dos
age. forms has expanded s ignificnnrly to include gels, ei ther 
preformed or spontaneous gels responsive co the ocufar cnvi
ronmc ut, ,and ocular inscr~s. hoth forms reduc ing dosage fre
qu_ency. 1 hcsc arc most often multidose produc ts, containing 
s_UJ rnble prcscrvativc(s) co meet compendia! preservative effec
tiveness ccst !e.g., US Plwnnacopeia (USP),2 Buropean Phar
rnacopveia,3 or .Japanese Phannacopoeia~ J requirements. 
Now, however, s ingle-dose units (also referred to as u11it-dose 
pro~lucts) that arc preservative-free preparations have become 
a~a1l:1ble, generally paelrngcd in form-fill-seal plastic containers 
w1~1 0.25 ml, to up to 0.8 mL, have become available. These 
u':'.t-do_s~ ~o'.1rn_incrs arc, dcsigi~~d to be discarded after a single 
use or ,1ftcr ,1 .smglc days use 11 the container has a reclosablc 
fcamre and the producl is so labeled. 

Injections_ a nd implants have hccn dcvclop1xl for intrnoeu
lar ~lrug dchv~•?· lrrigacing solutions and viscoelast ic gels are 
:'.va.'~'.th~c spcc1hcall~• for adjunctive use in ophthalmic surger . 
8pec1ahzed formulations are now available for use in the cm~ 
of contac t .lcn~~s. T he ~csig~s of c~1.csc preparations, meeting 
~ I~ ~f rh?.~c(!t'.11c mcnc~ ~or safety, cfticacy, componem compat-
1h1hty, tissue ,1cccpt'.1h1l1Cy, storage, s hipping, and s helf-li fe are 
lwyoml the sco11c I tl · · N ' . • . 0 11s review. oncthckss, a dcscripcion of 
ihc '.·cquircments and the designs for some of these formula
rio~s s hould he tllusrrativc a nd d idactic. 

h ·om a 1'.istorical pers pective, preparations intended for 
t!·earn~cnt of eye disorders c:m he traced to the writings of the 
Egypua'.is, Greeks, and Romans. In the Middle i\,i;es, co/ly ,·ia 
w~rc :clcn-cd to as materials t hat were dissolved in water, milk, 
0 1_ cgi; wh,tc and used as cycdrops. One such collyrium con
t;'.mcd th~ mydri.mic s ubstance belladonna to dilate the pupils 
ol •;11l,1dy s eyes lor cosmetic purpose. 

hom the t ime of bcllado nml colly ri:1, ophthalmic technology 
progressed at a plrnrntaccurieal i;nail's pace unril after World 
War II. llcl'orc World W:1r If :ind into the l950s, ophthalmic 
preparations were mostly compounded by the ph:innacist for 
immediate use. Noc until 195:l was the re a legal rcquircmcnc b)' 
the US f•'ood and Drug Adminis1rntion (FD/\) rhat :1(1 m111~u!,ic
tured ophthalmic solutions be sccrilc. The r:ingc ot 111ed,c1nnl 

907 
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agents to treat eye disorders was limited, as was rhe state of 
eye surgery and vis ion correction, which was limited to eye
glasses. In the pas t SO years, a modern pharmaceutical industry 
spcci11lizing in ophthalmic preparntions has developed to s up
port the advances in diagnosis and ueatment of eye diseas<.:s, in 
eye surgery, and in contact Je ns design and use. Becaw;e of the 
variety of ophthalmic products rem.lily available commercinlly, 
the pharmacist now is rarely required to compound a patient's 
ophthalmic prescription. More important, however, is chat the 
pharmacii;t apprec iate even subtle differences in formulations 
that may impact efficacy, comfort, compatibility, or suitability 
of a preparation for particular patienLs. 

Currently and in the fuwre, 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 (AMO), 
macular edema, and diabetic retinopathy. Biotechnological prod
uces may also become available to trcitt causes of multifacrorial 
eye disorders like glaucoma. Such spcciali,r,cd therapeutic agenrs 
also will require carefully designed and compatible dosage forms. 

Because dosage forms are fashioned co complement the re
quirements of the therapeutic agcnc, and the latt.cr arc selected 
for chcir action upon particular tissues so as to modify the ir 
function, we will now turn co a description of ocular tissues and 
their physiology. 

ANATOMY AND PHYSIOLOGY OF THE EYE 

In many ways the human eye is an ideal o rgan for studying 
drug administrativn and dis positivn, organ physiology, anti 
function. Unlike many bodily organs, most of its structure 
can be inspected without s urgical inLervcntion. !ts macro
scopic responses can be invescigace d by direct observation. 
Its miraculous function, so intricate and complex, convert
ing a physical e lcccromagnctic stimulus in ro a chemical sig
nal thi1t is coupled to distant ne urons for s ignal procesi;ing 
by an electrochemical wave, is detectable b y scn:-;icivc instru
ments attached to external tissues. The basis for the function 
and protection of Lhis important organ that links humans to 

Anterior 
chamber 

Iris 

Epithelium Cornea 

Bowman's 
membrane ---,r---1• • 

Stroma -+---1 .... -

Descemet's 
membrane 

Endothelium 

Trabecular 
meshwork 

. . . . .· . T~ then- external c nv1ro11mc m 1s the t issues co111pos1ng it. 
0 

structures m be dcscrihcd an, illustrated in Hgurcs 43-1 ,tJI 
43-.3. Figure 4J-I pmviclcs a horizo n ml section of the ey~b'.

1 
5 

ide ntifvin" the ma·1or structures •1ntl their incc rrclations lupsl · . · "' · . . . ' . · f C te 
Figures 43-2 s hows 111 greate r dcrnil the amcnor por11on of he 
eye and evelids in vertical scctiou c m1Jhas izinit :-omc O t . , , 3 3 em· 
structures associated with Lcnr apparn111s.'' Vigurc 4, ~-

1 
.·cf 

phas izcs the flow o f wars imo Ll1c nasal strucwrcs.u This 111 
_ 

imroducrion will focus on the anatomical strucwres conipos
ing the eye and their func tion. 

EYELIDS 
1•' 1· I I · of' t l1e globe .,,ye Ks serve cwo purposes: mcc hanica prowctwn . 

. 'l'I c inner and creation ot an optimum milieu for rhc cornea. 1 ,c 
s urfaces of the eyelids and the outermost s urfaces of tliel e~11 
arc !uhricaccd by t he tcars,a composite _ot: secretions trolllu~~ar 
lacnmal glands and spcc1ahzcd cells rcs1d1n,14 111 both the b f· ,e 
(covering the sclc rn) and palpchrnl (covering the inner sur •,\ 
of the lids) conjunctiva. The antechambe r has the shape O ' 

. I 11 . I JJocket-narrow c lett direct y over the from of the cvcha , wit 1 
1
,d 

like extension!- upward and tlownwnrd. Th~ pocke ts are cal ee 
the superior ancl inferior forniccs (vaulrs), and the entire spa~

1
~ 

the conjunctiva I cul-de-sac. The e lliptical opening l>eLween t es 
eyelids is called the palpci>ral fissure, and the corner of rhe ey · 
where chc eyelids meet nrc the canthi. 

OVERVIEW OF STRUCTURE AND 
FUNCTION OF THE EYEBALL 
Structure 
The eyeball is housed in the hones of Lhc skull , j<>iucd co r;i:;:1 

an approximawly pyrnmid-shapctl housing for Lhe eye 1~c) 
called Lhe orbit. The wall of the hum:111 cvcball (lmlbus, gt~ ·cJ 
is composed of lhrcc concentric layers chat envelop Lhe l.11 
and lenticular corc_7-'1 

OUT/£/? FIIJIWU8 l,i\Ytm 

The outer sclc ral lavcr is cough and pliable but only slight!;. 
I • ·1·1 · · 1 · l · · , ·1 cJea' c asuc. 1c antcnor r 11n 1s covered by the conju11cuv,1,' f tic 

trn11sparcm, mucous surface. The most ante rior portio~1 0
1 

d:e 
outer layer forms the cornea , a st ruc wrc so regular ,uil 

Lateral rectus muscle 

Fovea centralis 

Optic disk 

Central retinal arter)' 

~-~- Central retinal vein 

-............,......,._,__-.........., . 
Medial rectus muscle 

I · . I I II ·11 · · I · 1· ~r•un:tti· Figure 43-1. ,\ cur:1way horizonw section ol t le eye 111 , 1 uslrat111g t 1e 1111portnm an:irnrnic srrucrurcs and their imcrrclationships <-in,. ',tcr of 
call v. The different byers tJf rlw cornc;a are illust.rntcd in rlw nrngnilied view. Relative sizes :ire sugi;estivc and nm proponion:il. The dJnnW 
;i 111;1Cltrt· eyehall is generally sli~luly grc:1tcr th:1111111c inch. (Courtesy, ,\Icon L:ihorarnrics, Inc.:., l•'ort \Vonh, TX). 

......... 
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Figure 43-2. The front half of chc tJyc. in venica l scccion, _idcntifr ing 
the imporrnn t s 1rucwres associ:nc<l with cornea and 1hc lronr ot the 
f.!)'c, including the eyelids and 1hc glands ,1ssociatt:d w11h tears . 

'Valve"' of Hasner 
(Lacrimal plica) 

Inferior concha 

Nasal 
septum 

Figure 43-3. The strucn1rcs associa1c<l with 1hc !cars and lncrimal 
flow nnd access w 1he 11asol:1cri 11ml system . 

Water coocenc so carefully adjusted chuc it ams as a transpar
ent window. It is devoid of l>lo()d vessels. Over the re maioi11~ 
two th irds of the gl<>l>e, the tihrous collagen-ric h coat is opaque 
(llie tvhiic of the eye) and is called rhe sclcra. It contains the 
lll ic roc ireulation, whic h nourishes the tissues of th is anterior 

OPHTHALMIC PREPARATIONS 909 

segmen t, and is usually white except when irritated vcsselt: be
come d ilmcd. 

The cornea, s lightly thicker than the sclcra and rang
ing i11 thickness from 500 micrometers co I mrn, consists of 
live idcntiliahlc Javers. Proceeding from the most anterior 
layer, these ,ire th~ hydrophobic s tratified squmnous e pithe
lium , which is underlaid by chc Bowman membrane, then 
the stro111:1 and the Dcsccmct mcmbrnne, and then rhe in
ne rmost laye r, the endothelium. The stroma is a hydmphilic 
c l:isr ic network of highly org:111ii1ed connective tissue and is 
the thickest layer of the cornea. The fibrous collagen-rich 
l)csccml!t membrane sepHratcs the stroma Crom the s ingle 
squamous-cell laver of e ndothelium, rhc location of the pump 
rlrnt ket.!ps the cornea in its rcl.i tivcly dehydrated, transpar
e nt srarc. The cornea functions :is a hila~'cr barrier, with the 
hyd rophobic e pithelium as the prinrnry h;1rrie r to h ydrophilic 
molecules and the hydrophilic scroma as the prinrnry barrier 
m hydrophobic molecules. A sche matic dniwing of the cornea 
is provided in l•' igurc 4-1-1 and irs relation co ocher anterior 
tissues in Figure 4J-2. 

MIDlJl,E \IASCULr\H I,Al'l~R 

The middle vascular layer, or uvca, p rovides nourishmcm to 
the eye and consists (from the lrnc k of the eye ro the front) of 
the choroid, rhc c ili.1ry body, and the iris_ The choroid con
s ists of a pigmented vascular layer, colored hy melanocyces 
and traversed l,y medium-sb:ed arteries :ind veins with the 
chorioc:ipillaris · containing a ncrwo rk of small ve~sels time 
no urish the ne ural retina. The ciliary bod y contains muscles 
tlrnr control t he l!Xtcnsion of the lens, allowing vis ual ac
commodation, 11s well as the c iliary processes that sccrerc 
aqueous humor into the posterior c hamber ro maintain lhe 
intraocular pressure (!OP} that, in turn, keeps the eyeball 
fully expanded. The pigme nted iris is a ring of muscular 
tissue around 1.hc pupil, a round centric h<>lc char aces as 
a variable aperture lO control pupil diameter and, thereby, 
the level of lig ht e nte ring the eye. The canal of .SchJ()mm, 
o ne of the important paths for outtlow of che aqueo us humor, 
resides in the angle of the iris. Bruch's membrane separates 
the c ho roid from the re tina. 

NlW IUL RETINA 

This innermost layer of the eyeball is a complex tissue that 
supp<>rts the harvesting of ligh t through che collective actio n 
of phowreccprnrs and nerve cells specialized for distinguishing 
white from black (rods) or for discerning color (cones). In ad
dition, the retina consists of cells that supporr mcrnbolism (like 
the heavily pigme nted re tinal pigmented epithelium , which 
purges photorceeptors of s pcm molecules and metaboli tes, and 
regenerates the c is-rcrinal) , provide stnH.!ture (astrocyces and 
Miiller cells), or conrribuce to the primary funetion of photo
dctection/signal processing (the g~nglio n cells chm begin to 
process the clcctnichc mical information transmitted from the 
photorcccpcors). 

ocuuncoRE 
Within the glohe, the c rysta lline lens s p,111s the inccrior tluid
fillcd cem c r close w the iris and is anehorcd hv zonulc fibers 
ro th!.! c ilimy hotly. The lens is composed of a ·sin~lc layer o f 
rcplic:1ting e pithelial cells that, with age, tlactcn inro laye rs of 
long, rhi11 e ryscallinc-fi llcd l:1111cllar t\hc rs. The lens is the only 
tissue in the body that retains all cells ever produced , a fac e diat 
concrihutcs to agc-relaccd altcrmions in size, claritv, and exten
sibil ity.;\ tough, thin transpare nt me mbrane callc~I chc capsule 
eovcrs the ouccrmost !ave r of the lens. 

The aqul!ous and vic.reous humors arc interposed betwee n 
the solid ~tructures of rhc eye. The clear, tluid aqueous humor 
fills the globe anterior to the le ns and is primarily responsible 
for mainc.aining correct l ()P_ The gel-like vitreous humor :,c
counrs for most of the weight of the eye and resides postcric>r to 

the lens, in <.lircet con rnc1 wirh 1he rcci,w. 
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FUNCTION 
The eyeball houses the optical apparatus that causes the for
mmion on the nt!ural retina of inverted, reduced 1m1,1ges of the 
outside world. 

Dimensional Stability 
DIMJ~N810Nt\l, S1i\1Jll,l'fl' 
The optical function of the eye calls for ,srnbility of its dimen
sions, which is provided partly by the fibrous outer coat but 
more effectively by the intrn ocular pressure (IOI'), which ex
ceeds the pressure prevailing in the surrounding_t_issuc~. This 
!OP is the result of a steady production of specific thud, the 
aqueous humor, which originates from the ~ilia:)' processes 
anterior to the lens and exits the eye hy an 1ntncate syst1em 
of outflow channds. The resistance encountered during this 
pas:,;agc and the rate of aqueo~1s prodl~etion a1:c_ the pri1~cipal 
factors determining the level of the IOI. In addmon to chis hy
dromcchanical function , the aqueous humor acts as a carrier of 
nutrients, substrates, and metabolites for the avascular tissues 
of the eye. Ill 

OP'l'/C,\l, P,\TI/Wt\\' 
The optical pathway consisrn, in scqut:nce, 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 precorncal substance ( l.J8). After traversing 
the cornea, light passes th rough the clear aqueous humor LO the 
pupil, where the amount of light entering the eye is regulated 
by the pupillary diameter, and co the second rcfn1ctivc clement 
of the eye, the lens, whose variable focal le ngth allows objects 
both near and far to be brought into focus (accommodation). 
The shape of the lens, controlled by the muscles of the cil iary 
hody, refracts and focusc:, 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, because of its gel
like scare, keeps debris and cells from entering the pathway for 
the light. The image formed by the elccrromagnecic light signal 
on the neural retina is converted to a chemical signal, chang
ing cis-rctinal to rnms- retinal, which in turn is processed by 
neural cells imo an electrochemical signal trans-ported through 
axons to central nerve cell bodies. Continuous maintenance 
of the photoreccptors and neural tissues in a :state capable of 
supporting the conversion of the excitati<m asi;ocimed with !I 

retinal image to processable informalion is integral to the func
tioning of the retina and is the re;.1son retinal tissue is among 
the most rapidly metabolizing tissues in the hotly. The depen
dence of the neural retina on the mcrnbolic support provided 
by the underlying cell layer, the retinal pigmented l::pithclium, 
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. I I 

'f188lll•:S Jll,;8/>0Ni"-i/H/,E FOIi w-:,,.,u<;'l'l()i\' 
Any alteration in the shape or transparency of the ccm1e1~ inter
feres with the formation of a clear image; therefore, any patho
logical process, however slight, may interfere seriously with the 
resolving power or visual acuity of the eye. Transparency of the 
cornea is largely attrihutahlc to its organized laminar arrange
ment of cells and fibers, and the absence of blood vessels. The 
normal cornea possesses no blood vessels except at the sclcro
corncal junction, the limbus. The cornea must therefore derive 
its nutrition lw diffusion and must lrnve certain permeability 
clrnracceristics·; it also receives nourishment from the tluid cir
culnting through cht: c h;rmbcrs i!f the eye and fr'.>m th~ air. That 
the normal eornc:1 is devoid ol blood vessels 1s an important 

fe,Hurc i 11 suri;ical grafting. . . 
( ' I )" ie •s of rhe cornc:i ,rnry occ ur as a rcsuh of d isease 
.' out II . ~-,i,-,,,·strrc in tire cvcl;all a sv111 pto111 itssociatcd with 

( e.g., CXt:l:"S ,..,,. · ' · 

gli1ucoma); the presence of scar tissue due tu injury or rntec
tion; or deficiency of oxygen or excess hydration , such as may 
occur during the wearing of improperly. fitted contact lenses. 
l'I. wound of the cornea may heal as ,111 opaque patch chat ean 
be 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 LO 

the cornea, but p,1in and cold are well supplied. The pHin fibers 
have a very low threshold, which makes the cornea ont: of the 
most sensitive areas on the surface of the body. le now is agreed 
that the cornea possesses a true :sense of wu~h· ncrvc endings 
supplying the sensation of heat appear to be lacidng. 

The corneal epithelium provides an cf(iciem harrie r against 
bacterial inw1sion. Unless its cominuity has hccn broken hy 
an abrasion (a traumaLic opening or defect in che e pithelium), 
pathogenic hActcria, as a rule , cannot gnin a foochold. Trnunrn, 
therefore, plays an imporwm part in most of the infectious dis
eases of the cornea that occur exogenously. A means of detect
ing abrasions on chc corneal surface is afforded by staining the 
cornea with sodium fluorcsccin. J\ny corneal abntsion is sub
ject to infection. 

As with the co1:nca, any change in t he trnnsp;ircncy of the 
lens as a result ot age or disease can significamlv affect vismil 
clarity. Loss of flexibility of the lens can reduce ~•isual accom
modation and cause diffic1_1lty in focusing 011 near objects. J\lso, 
upon aging o r as a rcsulc ol trnuma, rhc lens may generate opac
ities caused by the ox idation and crosslinking of lens proteins. 
When cataract surgery is required tO restore clarity w cloudy 
vision, the nat11r.t l lens is removed and replaced hv ~.111 arcificinl 
one. The capsule, though, is preserved so that it can provide 
sc<1ffolding for the implanted synthetic in traocular lens. 

Lacrimal System 
The conjunctival and corneal surfaces arc covered and h1hri
caccd hy ti precorncaf tear film, a tluid secreted hy the eonjunc
tival and lacrimal glands. 11 The clear, watery secretion of thC 
lacrimal gland, delivered through a number or fine ducts into 
the conjunctiva! fornix, contains numerous salts, glucose, ocher 
organic compounds, and approximately 0.7 percent protein, in
cluding the eniymc lysoiymc. 81m1ll accessory lacrimal gliinds 
arc situated in the conjunctiva! forniccs. The tear film, compat
ible with bo~h a(!ut:ous an_d _ lipid ophtlrnlmic preparations, is 
composed ol a thm outer lipid layer, a thicker middle aqueous 
layer, and a thin inner mucoid layer. It is renewed during blink
ing and, when blinking is suppressed, may dry in patches. It 
seems to be unaffected by the addition of conccntratiom; of up 
to 2 pcrcenc sodium c hloride to conjunctiva! fl uid. J\ p l I hclow 
4.0 or above 9.0 c;mscs derangement of the film. The fi lm af
fects the movement of com.act lenses and forms more easily on 
hydrophilic than on h ydrophobic prostheses. 

The innermost muc.in protein layer of the 111111 is cspccinlly 
important in maintaining the srnbility of the frlm a11d is postu
lated to be held in place by the microvilli of rhc cornc11l cp.ithe· 
lial cells. 8cbaccous meihomian glands of rhe t!yelids secrete nn 
oily fluid that forms the outer layer of the tears, helps to pre
vem overflow at the lid margin, a11d reduces evaporation t'rorn 
the exposed surfaces of t he eye. 

Spon taneous blinking replenishes the lluid film by pushing 
a thin layer of tluid ahead of the lid margins as they come ro
gcther. The excess fluid is directed into the lacrimal lal« .. ~fl 

small, triangular ~lrca lying in the angle hound bv the innermost 
portions of the lids. The skin of the eyelids is th~ th innest in the 
h?dy and folds e.isily, thus permi t.ling rapid opening, and closing 
of the palpchral fissures, :ir velocities of tens of ccntime1crs per 
second. The movement of the eyelkb include.~ a na rrowing of 
tl~e palpcbral fissures in a iippcr-like action from lnrcral co 111c
diitl canthus. This a ids tnmsport or movement of tluid wward 
the lacrimiil lake and elim ination of Linwanted conrnminants. 

Tears are drained from the li1crimal lake through rwo s111nll 
~pen111gs, th~ superior and inferior puncta, which drain 
1nco conncct1ng small tubes, the lacrimal CHllaliculi , which 

Eyenovia Exhibit 1046, Page 6 of 25



- - ---------- - -------------. - -- -- ---------- -----===--=:...-:-=--=------ --- . -

themselves join at chc common eanal ie ulus that leads into the 
upper p11rt of the nasolacr ima l duce, che beginning of wh ic h 
is rhc l11cJimal sac , as s hown in Figu re 43-.1. The drainage of 
tears imo the nose does not depend merely on gravity. l•'luid 
cmers and passes alo ng the lacrim;d canaliculi by capillary ac
t ion, 11idcd by aspirncion resu lting from concraction of muscles 
e mbedded in t he eyelids, a nd by peristalsis in the m uscles near 
the c:maliculi. When the lids close, as in blinking, con traction 
of chc muscle causes d ilarncion of che upper pan of rhe lacrimal 
sac and compressio n of its lower por tion. Tear;; aspirated into 
the sac a re forced down the nasolacrimal duct coward its open
ing into t he nose. As the lids open , the muscle relaxes. The up
per pan of the sac the n collapses and forces ~uid in to the lower 
part, which ar t he same time is released lrom comprc~s1011. 
Thus, 1 he :wt of blinking exer ts a suction force-pump action 111 
removing tears from the lac rimal lake and em\nying the 1_11 inro 
the nasal cavity. Lacrimation is induced rc flcx1vcly by s t11n 11la
tion of nerve c·nd ings of t he corne:i or co11j11nctiva. This reflex 
is a bolished hy anesthe tization of the surface of the eye and by 
disorde rs affecting its nerve function. 

The no rmal cul-de-sac is ma intained free o f p.ithogenW or
ganisms in pa n hy the c he m ical action of enzymes_, suc h_ as 
Jysozymc, which no rmally destroy saprophytic orgnn1s1~s with 
limited nct ion agains t pathogens , and in part by the cont1m10us 
physical flow of norm,illy s te ri le secretions , whic h c01_1swntJy 
wash the bacteria, dust, ere ., awny from the eye down m to the 
nose. In certn in diseases or upon aging, the lacrima l _gland, _like 
other glandular struc cures in the body, may undergo mvolutw n, 
wi th the result tlrn t t he lacrimal fluid becomes scanty. Cha nges 
in t he conjunc tiva! glands may lead co a lcer::it ion in t_he cl~arac
tcr of the secretion, so t hat quality as well a~ q uan tity ol tears 
may be abnormal. This ~ llll lead to symptoms of ~ry~e~~· ,burn
ing, ,111d general discornlon , a nd ult11nmely may mte d cre w1tl1 
visual acuity. 

Summary 
This brief overview of chc st ructure and function of the eye 
sho uld provide a b:1sis for understanding rhe high ly 1ntcgra_tcd 
tissues compris ing this mirac ulo 11s organ and s11ggest th_e im
por tance of providing medications th,11 in no way 1~pa1r _ the 
balance of functio ns requi red for 111:1incai11ing normal lunct10n-
ing of the eye. 

BIOAVAILABILITY 

THERAPEUTIC TARGETS 

I>· , , ·1, J ·1·cy of fJharmacologic:11 agenrs is d icrnced by the ocu-, H><1v,11 ,1 >1 1 • d l I • ·1 b'J' 
I t t ·e ,111d physiolog)' 1·usc discussc . L ur nonvai a 1 1ty ar s rue u1 , . . . 
also is controlled by physical conscn1ints :ind nssue b1_ochem-
istry (to be discussed in th~ next s ubsecti? ns), by physical and 
,,J · .,,I clwrac teris rics ol the the rapeu tic agents, and by the 
~ i em1e, I 1'h I . . ·1 l ·1· · , IJy ,,,I1ic h they a rc prese11tcl . e Hoava1 a >1 1ty preparanons · . 
and pote ntial efficacy of an agen t also are t~eten11111~d hy t he 
t he rapeutic t.irgcrs, whic h a~c govern~d- by_ d1_sea~e c twlogy. 

J<'or example, cremmc nt ol a superfi cial 111tccuon of t he cor
, 11·Je JJossibly requiring sus tained de live ry to enable less ne,,, w I d 

freque nt adrnin istrmion of an ~im ic rohial the rnr~Y, oes not in-
volve special considcnitions ol corneal permcnt,on or access co 
che wrget tissue . In this cir~ums t~nce, product design might be 
directed cow,u-d the rcduec,on ol any corneal or s_clcral trans
po rt, in chat these would be rl.lgarded_ as d rug lost lrom_ t!tc rn r
gl.lt site. On the oche r hand, a recHlc1~n'.nc c ase of_ uvc_1~1s may 
requi re hoch topical ,md sy~t~m1c ad1111mstra_t1_on ol mHHnflam
matory agents so :is to ehm111ace ~he cond'.uon . ~n th1~ case, 
however trans port to the uvca, a n 1nrernal tissue , 1s dcs1rnhlc. 

Chron\c diseases assoeimcd with aging, like glaucoma, may 
b() amenable to routine adminis tration of a topical medica
t ion . The t;:u-get, however, may he <lctermincd hy tl1() particular 
mecha nis m for treating the disease. For instance, a drug inllu
e ncing the genc nttion of aqueous humor may target the iris 

OPHTHALMIC PREPARATIONS 911 

ciliary body, whereas a drug intlue nc ing the our/low of aqueous 
humor might cargcc tbc trabecular mes hwork that opens into 
the cana l of Schlemm. The inhe re nc characteristics of chc dmg 
also will determine, in part , any need for s ustained delivery. In 
general, a lipophilic agent will be a bsorbed readily into the iipo
philic corneal epithelium, whereas an ionic or hydrophilic agent 
will be absorbed more slowly. I3ut corne ,d permeation may still 
be a significant barrier to delivt!ry at the target tissue even for 
a lipophilic d rug, because transport chro11gh the largely aque
ous srroma is still required . T he capacity of the e pithe lium for 
the drug, in pare controlled by its part it ioning c haracteristics, 
may govern any ueed for sustained administration as well as the 
dosing regime n. The solubility of the drug, especially for often 
rela tively insoluble hydropho bic lipophilic agents, can limit the 
size of the reservoir of d rug administered , or the exposure to 
the d rug, whe re the latter is defined as the area under che c urve 
in ,1 concencration-vs.-time plot of d rug reside nce. 

Recently, treatmen ts for oculnr diseases of th() deep tissues 
h.tve invoked techniques mo re commonly utili1.cd in targeted 
syMemic delivery. For example, the treatme n t of retinal cyco
megalovirus infection, accompanying c nd-srnge llIV infections, 
has engendered treatme nts delivering drug directly to t.hc vitre
ous humor, with either intraeameral injection or an implant. 
Photodynamic thernpy utilizes a radi.t tion (generally light) to 
activate a drug delivered systemically. Angiosrntic agents for 
the treatm e nt of wet M ID a re delivered from a n irnplan t. As 
lliguch i, years ago, a nd othe rs more recen tly have d escribed , 
the rate of delivery from such devices can be con trolled by the 
des ign o f t he device, by drug characteristics (primarily soiubil
iry), or by a bala nce of bo th. 12 

Nonetheless, cyed rops remain the most common modalit y 
for administra tio n of therapeutic agen ts, and so conside rations 
of the quantitative relations hips governing the balance of ef
fects controlling access of these agents co their ta rget tissues are 
of signific:rnce and will be sum111ari1.cd in the next few sections. 
The app roac h will be prim arily hydrodynamic, 1.1.1~ though 
111olec ular theories arc now available to give ration:,le for the 
macroscopic t ransport laws. 15 More int ricate transport c ha r
acteristics , such as those occurring whe n mem branes actively 
transpo rt che the ra peut ic agen t , arc less common than simple 
passive diffusion and therefore will be neglected he re. The a p
proac h highligh ts the inte rrelatio ns hips of phenomena whose 
subtle control in comme rcial products improves their emcacy. 
While transmc mhrane t ransport is most relevant to cranscor
neal dcliv()ry, some of the same conside ratio ns apply co active 
drugs delivered fro m implants , becriusc these drug reservoirs 
serve only ,ls :1 source for the agen ts tlrnt must traverse tissues 
or tissue bo unda ries to reach the ir target sircs_H• 

CORNEAL ABSORPTION AND DRUG ACCESS 

Physical and Chemical Considerations 
Unde r no rmal conditions t he huma n tear volulllc averages 
about 7 mieroliccrs. 17 The estimaccd maximum volume of the 
cul-de-sac is about 30 microlite rs , with drainage ca pacity far 
exceeding lacri1u a tion rate. The ou tflow capacity accommo
d~1tes the sudde n la rge volume resulting from rhe instillation 
of an eycdrop. Most comme rc ial cycd rops range from 25 to SO 
mic roliters in volume . 

With in chc ra bbit c ul-de-sac, the d ra inage rate has been 
s hown to be proportional to the instilled drop volume . . Mul tiple 
drops administered at intervals produced highe r d rug conce n
tratio ns. Ideally, a high conccnrrarion of d rug in :i minimum 
drop volume is desirable . Patton 18 has s hown thac ~,pproximate
ly equal tear film conccncrations result. from the instillat ion of 
5 micro liters of l.6J x 10-2 M pilocarpine uitrate or from 25 
microlite rs of L.0 x J0-2 M solution. The 5 mic ro li tcrs conrnins 
on ly J8 pcrcc!ll as muc h pilocarpinc, yet its hio:ivaila bility is 
greater because of decreased drainage loss. llumnn responses 
can he expected co be similar, and this is supported by swclics 
o f g:unnHl scincigraphy.19 J Juwe vc r, hunu1n tear n~.sponses arc 
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much more signillcant, and variable, than those in some in vioo 
models. When the therapeutic agents themselves arc irritating, 
excess rcarinA may occur chm may influence hioavailahility in 
affected individuals. There is a practical limit to the concept of 
minimum dosage volume. There is a difficulty in designing and 
producinA a dropper confiAuration that will de liver small vol
umes rcproducihlv.20 Afso, the patient often c.rnnot detect the 
administration or'such a small volume. This sensation, or lack 
of sensation, is particularly apparent at the 5.0- to 7 .5-microli
tcr dose-volume range. 

The concept of dosaAc-volume drainage an_d _cul -~le-sa~ cn
pacity directly affects the prcsc rihin~ and adn11111~t~nng of sep
arate ophthalmic prcparntions. Th~ f'.rst drug ndm1111sccred may 
be diluted s ignincandy by the adnumstrntton of the second. On 
this basis, combination drug products for use in ophtlrnlmology 
have considerable merit. 

Thoup,h this is generally ,wt a major concern , an ins1illcd 
drug can be suh_ject to protein binding in the tear fluid and 
metabolic degradation hy enzymes such as lysozymc. Stability, 
however, is always a primary consideration, hoch in the horde 
and in the tissues. llapic.l convcr,;ion of a drug to a mf.!tabolicc is 
generally t0 be avoided unless by design (prodrug.~). 

Corneal Absorption 
Penetration of dru~s administered wpically occurs primarily 
through the cornea. Drugs administered by instillation must 
penetrate the eye and do so primarily throu~h the cornea. 
Corneal absorption is generally more effective than scleral or 
conjuncti~al absorption, in which drug is removed by circula
cory How lllto the general circul:uion. This is also true because 
most therapeutic agents tend to he rctisonahly lipophilic. In 
the _case ol more hydrophilic mate rials, which as mentioned 
earhc1: arc _more slowly absorbed imo the corneal epithelium, 
there 1s evidence to suggest that a sclcral route may be more 
common. A practical example comes from studies of carbonic 
:u;hydrasc inhibitors,J1 a class of drug used in the tre atment 
ol ~laucoma. 

Many ophthalmic drugs arc weak hascs and arc convenient
ly applied to the eye as aqueous solutions of their salts. If the 
molecule is maintained in an ionized state, for example, by 
cmplo~in.i\ a weakly acidic buffered vehicle, stability of the 
druJi. olten can he prolonged. If the buffer is weak little dis
comfort is Ji,cncrally experienced at the time of i;1stilhnion. 
~)nee neutralized hy the tears, the fraction of free base may 
111ercasc, and this may he the form of the drug most readily ab
sorbed by the corneal epithelium. Noncthclcs:;, during trans
port through the hydrophilic stroma, an important fraction 
of the agent may be ionized. 8imilarly, the form tr:msponcd 
through the endothelium may he the free base, and that pre
sented to the c iliary body (one of the sites of pharmacologi
cal action) in transport from the aqueous humor may he the 
ionized salt. This scenario is described simply to suggest the 
complexity that can he exploited i11 targeting an ophthalmic 
drug, as well as complementary considermions involved in 
providin~ a preparation capable of the requisite scahility for a 
conventional two-year shelf-life. 

The cornea can he penetrated by ions co a small hut measur
able dcArcc. Under comparable conditions, the pcrmcahiUtics 
arc similar for all ions of low molecular weight, which suggests 
that the passage is through extracellular spa<->t:s. The diameter 
of the h1rgest p;ir1icles that can pass ocross the cellular lay
ers seems to be In the range of 10 to 25 A. Some effort has 
been dirccLCd coward increas ing the upper molecular-weight 
limit for watcr-soluhlc therapeutic agc111s by u1ilizing a class of 
molecules referred co as pcnccr::nion, or permeation, cnhm1c
crs. These molcc11les are scleetccl for their capacity to increase 
trnnsicncly permeation of larger molecules while producing 

niininrnl discomfon or coxicity. 
Because highl)' w:11er-sol11hle tlrugs gcnernlly pene1ratc the 

I . .1·1v ,111, ( the cornc·1 is known to he a mcmhrnnc.· cornea css I cau1 , , ' · 
i11cl11diug hoth h~;drnphilic and lipophilic harrier l:1yers, mos1 

cffoctivc penetration is obtained with dn.1~s h:1\'inJ.\ l>0ch !Jpo 
philic and hydrophilic properties. As nn cx:1111ple, highly wal~~
solublc steroid phosphate esters pcnc1racc the cornc:1 poor>~ 
Better penetration is achieved wi1h the poorly soluhlc hul m~rh 
lipophilic steroid alcohol: still greater absorption is seen wit 
the steroid aCCllllC for111, f Ill 

Work on transport of druAs throuAh the cornc;i, datinA r<'. 
the work of gdelhauscr et c1/. in 1965,11 and Lee and Roh•~f 
son in 1979/ 2 and Lee in 1990.1.1 has indic:itcd the intcrpl:? ·e 
physical properties that regulate acccs, of drug:- to ophtlw 1111

11 
tissues. The hydrodynamic principles arc well known n!,d. w\_ 
he outlined here. From the physical chcmistrY of passive d• 
r . · . · 1 · 1 . , eon
usmn across a simple me mbrane capahlc ol susrn •11111.l' 

1 
·s 

ccntration difference (and discussed in 01hcr chapter.. of 111
· 

volume), the main mechanism of cmry into the eye, 

.J = -l>tl<:..,/cl.v: (1)_ 

according to Ficl<'s lirst law of diffusion, where .I is ~hc.tllll~ ~! 
drug across 1hc membrane (amoum per area per tune), . 1 
the diffusion coefficient and the derivative of C is the spatHt 

J "' , co11-
conccntratio11 gradient in 1hc membrane (at stc:1dy swic, . 
scam across the mcmhrane)J' l~ven from 1his simple rclatioll· 
ship, the consequences of chc physical properties of 1he dr~~ 
ca11 he inferred. As the soluhilicv of the drug increases ihe gr, • 1. 1 .1,icnt 
dicnt will increase, so the driving force for c111ry o l ic •.,.. 
into the aqueous humor will he increased. 1•:xpcri111e1ll sinu!arlY 
has s hown specific characteristics of the diffusion coefficient, 
namely, the diffusion cocflicicnt decreases wilh inc reasing 11

~~ 
lecular size (and hence molecular weight of 1he compound~- ·cy 
all else hcin•1 c<1ual we need to balance the increased spcciltCI 

.,., I • ('\(t:! 
and targetin~ of a larAer active molecule against the loss 111 • 

t. I · ' I I 1 1 , r tli•1t ,uiv o n1cm _>rnne transport. I 1c c<1uation a so ma tcs c c,1 ~-
1 

• ~f 
means tor maint:.ti11ing the concentration on chc don~r SI< c • 
the membrane, thereby sustaining the i::r:1dient 1crm tor a Jon 
gc!· period ?f time, will increase 1l_1c 111~::11 ~owl tlux. . . Ii· 

ro perceive the consequences nl panmonmg 111 a 11101 e <--OlllP . 
cmcd bilayer membrane (a gQod model for the cornea in th:t1_rhc 

· l1cht1lll major layer,, serving as harriers to drug c mry arc the cptt . , ·r· 
and stroma), wi;: 1wcd to look at the diffusion equation for a bil,,yc · 

I = ~ (2) 
. I'/ l _ .. + -·· 

D. n, 
where I' is the distribution cocfncicm (c . .J.\., the oernnol:w:•~~; 
PMtition cocflicicm wherein it is a ••ood an1iroximation of 

1 
. 

' ' ,-, ,, • • {C cl• 
partitioning into the epithelium), the suhscripls dcs1An_•1 

1 
tic 

ther stnllmt (s) o r epithelium (e) , I is the length rcprcscntn~g ~he 
d1iekncss of the !aver ·,nd (; is 1he conccmn11 ion of drug ·11 

• 
• • . • '' w • • f drug 

donor side ol the 111cmhrnnc, i.e., in 1hc conccmrat10n ° 
11 

in the 1ears.25 This equation is an approxi111a1io11 to 11tc diffcrc e: 
· 1 t· <) f · · · I ·t 1,rc,;uin • ua cqua 1011. nc source o approxm1atton 1s t 1:11 t • 1 
I I I the co• · t 1:11 t 1c co11cencrmion on the donor s ide (Ln 1 1c eye, 

1
,111 

ecmration of active ingrcdiem in 1hc tears) is much hiAhcr 1 \ c 
on the receiver side of the 111emhranc (lhc conccn1ra1ion 111 t .11 

I ' I l ·crvc ih, aqueous llllllOr). l• rom c 1is equation we one call o >s . • . 111 
as 1he partitioning increases, the clfoctivcncss of 1he_cpit1;cl:~ic 
as a harrier diminishes 1111d is replaced nearly exclusively ':rum 
suom11. Simil:irly, as the partitioning decrc:1scs, the epll he : ch
hccomcs 1hc dominant barrier. Of course, this is just ii !('.' rlY 
cmatical representation of an anticipated phenon1cn~•1. C, _c~~1;1 
there is an adv:mtagc co increasing the lipophilicity ol ~he '

1 
he 

M) :is to improve absorption and trn11sporl. A prcca_u110111 -r~it)' 
kcpr ill mind, however, is that ordinarily when the hpop 11 

'. ch) 
is increased, the aqueous solubility (which G« may :tJlPt0 '

1 
e :i 

generally decreases. This is :111 example of the need to h:t .,nc 
number of clrnrnctcristics, as mentioned earlier. , id 

'l' l · · · I rcscncc •11 
1crc arc e1rcumstanccs when sust,11n111A r 1c P · •spe· 

concentration of the drug in the lear volume i:- imporca_~t, \niit 
cinlly when rhe tlrug is suffieicnliy hydrophilic w, scvcicl~ .~ ur•
ahsorption directly into the corneal cpi1helium. I• rot11 thc c_ ~A 11 
tions for :1 Slirrcd-tanil chemical reactor, which is u11tlcrgot1 
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steadv-s1aLc flow of fluid wich a solvent cntcrin!,\ and a solution 
of mi~cd ehe111ieals llowini,; frolll it, \\'C cxpccL: 

C,) t) = C:1 -cxp[ - I/ rl (3) 

where 1hc rime dependence of C,_. is cxplieirly indicated, C1 is 
the initial con<.:l'nrrat ion, \ '.1is rhc volume of the .re.wcor (here 
the tear volume). and its dcrivarivc is the rnre of flow chrOu!.\h 
the rcacwr, essemiallv the rate of te;ir !.\cneration. ,\ number 
of charnetcristi<.:s qf dr"·ug dclivcrv me npparent from this equa
tion. 011(.: is that i f the dru!,\ ca;,ses discomfor t and increases 
thc r,He of tc ;1ring ( \/.T in the equ:llion), t hen the co11cc1!cr:1-
rion in the ccars is dcplc1cd more rapidly. i\n,1logously, JI the 
preparation includes a means for retaining a drug c:irricr in chc 
cul -de-sac, then <)nlv a frac1ion o f the drug present is released 
free imo 1he tcars, ;;ml ( J" (t) no longer changes with time and, 
until the reservoir is depicted. mav be apprnximalcly constant. 
Because whar is imponnm is the t~>Ut l amount of drug rcachin14 
the target tissue over a time period, 

N,,fi = ,\ f ci1.J(t) (4) 

the cffcc1 of rcduci11,i: the loss rmc from rear tlow may coun
tcrh,ilancc the eonsequencc of reducing the wt.ti level in the 
tears. l\otc, for siwations iu which there is ,1 means for susrnin
ing drug release, J•;qumions 2 .111cl J have ro be modified in nny 
evl:111, bccm1sc (;1 is no longer the total i11i1ial conccncrntion hut 
the fraction in the tears th:11 is tr;111sp<>rtahle through the cor
nea. This introduction should provide some notion of th? types 
of eo111pkxi1v involved in achieving improved delivery of a ther
apeutic agc11·c. \\'hen more is known about the details of ocular 
fu11crio11 , characteristics of the thcr:1pcutic agcms, and vehicles, 
ii is possible to solve the diffcrcnti:il cqu:Hions mm1cric,1lly so 
as to imprn,·c the design of w pically applied mcdications.2' •- 2fi 

DELIVERY TO THE OCULAR POSTERIOR 
<>ptin1i,;ing drug delivery co ,he ocular posterior requires un
derst,mdi11g rhc mechanisms hv which substances arc cleared 
hy d iffusion, hy physiologic:11 ,~rncesses of hydr:1ulic, v:1scular, 
and lymphatic tlows.2•, .. 111 Con1puta1ional fluid d~·namics can 
he a useful tool for prcdic1ing rhc influences of processes On 
the clearance of inrravirrcalh; i n jected suhsrnnccs.lo and deliv
ery fr<>m devices implamcd i·nro · 1hc vitreous·" or i111mcdiaccly 
outside the globe in the juxtaselcnil spacc.-12 This c111ai ls con
struetion of an n11aco111ici1llv accurate model for the eye, which 
cnnhlcs simulation of diff;,sion of drug in physiologicnl flow 
fields with clearance 111cchanis111s engaged. t\n example of such 
a Siinulmion exercise modeling clearance of an intravirrcal de
Pot of rriarneinolonc suspension particles is ill11s1ratcd in l<'ig
ui_-cs ·t1.4 and .. LJ.5. The si,i;nificancc of 1hcsc activities, a irnhjcct 
•ll ongoin.!.\ research, is d ifliculr to overstate since 1hc diseM,es 
being addressed- /\Mil. 111:icular edema, and diabetic rctinnpa
'.hY- :irc sigh1-thrcatcni 11g. The c11 ITc I11 standard nf rrcat 111cr11 
lor I\MI) rcq11 ircs mo111hly injection:; of an ;1111 ihody against vas
cular endothelial growth factor. 8ign ilicanr efforts :ire under w:1y 
ro develop ahcrnntc therapies 10 reduce the frequency of ndmin-
1strati<H1 or i111plnnta1 ion. providing dur:1tio11s of delivery rnng-
1114 fr,>111 months w vea rs. A prnc1ical consequence is that the 
tcsling pc1fod for , 111 implanted dc1·icc is cx1cn<lcd apprccinhly. 

l•' inally, though ,he :1pproaeh described in this section has 
~lccn pri111:1rilv macroscopic and phc110111cnological, microscop
ie lll<>dcls a11d.ealcuh11ions o f trnnspon based on them have pro
't1cd additional detai l :1bo11t rhc molecular features of ocular 
l rug trm1spon. For cxnn1plc, i t is !,\Cncrally bel ieved thm lipo
Phtlic dru)\s pcnncatc the corne:1I epithelium by rrauscellular 
'.'tisport, whcrens more hydrophilic drugs permeate the corne
a Cpi1hciiu111 hv parnccllular transport. A 1rn,dcl of these diffcr
l:nt niechanisn;s h:1s indicated 1har the 1rn11sccllular c·ra11sport 
Prob•thl) · I I t· I ·1· I ·1 1· I 1 • ' 1s a ong r le 1pop 11 ,c l1 avers o t 1c cell outer mcm-
irillll:s, where.is the p;1rncell ul:ir t;..inspon is probably along 
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Figure 43-4. Ocitlor geometry used for computational fluid dynamic 
simul:11ion of clt?aram::c of intnwitreally injected suhst:111ccs. All tissue 
regions arc irc:iLed ~,s porous media except for the aqut!ous humor, 
which is 1rcatcd as :1 simple liquid. The small gap between the cllini-y 
hody rcprcscms rhc Can:i l of Petit, a feature which becomes imporrnm 
for accurn1c simulmio11 of 1he clearance of slowly diffusing materials. 
1\qucous fluid is produced ma rate of .1 µL / minute on the blue bound
arv of che iris as shown. Most of the fluid is eliminated on the oucllow 
b,;1111dary bchiml the crnhccular mcshwork, si111uln1ing convcmional 
out flow. 1\ s111;1II :lmornn of the fluid percolmcs througho111 rhe remain
ing ocular structure. (Fro111 Missel P,I ct u /. Simulating dissolution of 
intravicrc.al triamci11olo11c a<.:cwnidc suspensions in an anacomically 
ncc11rn1c rnbbit eye model. /'harm Re;; 2010; 27: 1530- 15-!6.) · 

chc cxtrncellular space, the "pores" of :1 macroscopic modcl.24 
These models provide insighr into mechanisms of transport and 
how these may he manipulmcd t0 improve drug delivery while 
nrnintai ning safcry. 

TYPES OF OPHTHALMIC DOSAGE FORMS 

Ophtlrnln1ic products include prescription and over-the-coun
ter (OTC) drngs, products for the care of contact lenses, and 
products used in conjunction with ocular surgery. This section 
will focus 011 the pharmaceutical aspects of the various ophtlrnl
mic dosage forms cncompasi;cd by these cypes of products. The 
therapeutic uses of individual products can he found in several 
reference hooks along with the individual product's lnhcling.JJ .. i 4 

OPHTHALMIC SOLUTIONS 
These arc by far the most common dosage forms for deliver
ing drugs to ·the eye. Uy definition, i ngredients ,ire complctc~y 
soluhlc such 1hat dose uniformity is not 1rn i:ssue, and thcro ,s 
lirl'ic physical inrerfcrc11cc wirh vision. '('he principal <Ui<_"dv:m: 

I. J • · • rlicir rchtivcly bric/ courncr rune wrth rhc fH~C O SO U(IOJlS IS < 
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Figure 43-5. Computational fluid dyn,11nie simulation results in the 
model for the rahhit c:ve. ( a ) l'rcss11rc dis1riln11io11 within ,, norrno
tensivc c:yc (Torr). (h) ·velo<.!ily. clippc:d to ;i maxim11n1 val11c of 10-" 
m/s to illustnH<.! contours in the vitreous. (c) Dissolved tri;o111e i11olon'-' 
aeetoniJe couccmracion (gra111s/n1L) nher the dissolmiou process 
has achieved steady state for a s uspension of 16 mg triamcinolonc 
ncetonidc dividcd i1110 '27<, parricil!s confi ncd tu a IOI! mic rolitcr 
iniravitrcal depot. (l•n>111 ~lisscl l'J er 11/. Simularin~ dissol11tio11 of 
incravirre,ll tria111cinolonc acctonidc s11spcnsions i11 an anaton1ic.:ailv 
accurate rahhi1 eye model. /'harm Ucs 20 10; 27: 15.10- 15-16 .J · 

drug and the absorbing tissues of the e xte rnal eve. Conrac t tiine 
can he inerc ased hy the inclus ion of vis <.:osity- i;npaning agc ncs; 
h owever, the ir use is limited LO rc littivc.:ly low viscosities so as lO 

allow dispe nsing of the cycdrop fro m rhe container or cyc.:drop
pc r and co minimize excessive blurring o f visio n . J\ residue can 
he produced o n the eyelas hes and around thc e ve whe n any 
excess o f :1 viseous solution s pills o ut of rhc.: eye a;, d dries . Th~ 
n:.~iduc us ually ca n he re moved eas ily by careful wiping with a 
mo ist rowel ro th t.: c losed t.:yc. 

GEL-FORMING SOLUTIONS 

I >phrhal111il· so lu tions (us ual!~· wmcr-hascd ). whic h eonwin a 
pu/rni t:r ~Y'Hl'lll d1a1 is a lo\\'-l'iscosity liq uid i11 the co11r:1i11cr 

hut gels 0 11 conwc.:1 wi1h 1hc w ar fluid . have increased conta<.!t 
time a nd can prnvid c.: inL'rc ascd drug ai>snr pt io n :ind prolo '.1gcd 
duratio n of rhe rnp<:utic e ffect. The liq 11id-w-gel pl_rns~ trans m o n 
ean he trig_gcre d hy a c hang<: in 1e1np<: ra1urc. p l l. 10 11_1c s tre n ~th , 
or p rcscn<:c of tc:ir p m rc i11s . dcpc.:nding O il rh~ pa '.·n eular po ly
mc r svsrc.:111 c m pl< ,~•ed . Timo lo l 111:tleme gcl-tormmg solut io ns 
fonnuia tcd wirh s r ccilie patc m cd gclla 11 or xmnhan g ums have 
clinicallv tlc mo11~trntcd prolo nged d 11ra1ion of 10 1' lowcrin~, 
s uc h rhi; l thei r dosing l"rcq w.,ncv can he reduced from c_wiee to 
onee a da\'.-1, .. 11, lkvic w 1hc labeling for comniereial gc.:1-to rming 
solutio ns ·hcfore dis pens ing for c urre nt instrue tions re lated lO 

patie11c :1dmi11istra t io n . 

POWDERS FOR SOLUTIONS 
Dnu~s thac hm•<.: very lim ited stabil ity i11 aqueous solutio n can 
s<>111c li111cs he prepared "" s l<.: rilc powd c.: rs for rceo11scimcio11 hy 
rhc.: phannac ist hcforc dispe nsing w the pa tic 111. The "ll!rilc pow
de r s hould hc ascp1.ieally rceon:n i1u1cd with the accompanying 
ste rile diluc m t hat has hec11 optimized for dissolu1ion , prescrYn
tion. and srnhili1y. The plwrm:1c is1 must eom ·c ~· w the patie nt 
any s p<.:e ial smrn!.\e i11s1nu.:1io ns, .including the expirn1io n dale. 

OPHTHALMIC SUSPENSIONS 
Suspe nsions arc dispe rs io ns of fine ly divided. relat ively insolu
ble dr11g s uhs ra11ccs in an aquc(>11s \·chic le crnna ining s uirablc 
suspc.:11ding and dispe rsing a~~nts. The vehic le is, amo ng o ll1~r 
chini.;s. ;1 sarurnted solution ol t he dru!.\ s ubs tance. llccausc of n 
tc 11dt.:11cy of parriclcs to he re tained in the <: ul -dc-s;ie, the con
tact time a11d dur:nion qf ac tion of a s us pcni;ion could rhco
rccically exceed that of a soh11io 11. The drug is ahsorhcd from 
solutio n, and th t.: sol11tio 11 concc.:11 Lr:11ion is reple nis he d frt t1n 
retaine d partic les. 1•:ae h o f these ac tio ns h a func tio n of parricle 
s i:.:c. with ~oltil>ility rat <.: hc i1114 favored h~, smaller si ,.c and rc
ce 111io11 fo vorcd hy a larger size ; thus, opt imum ae tivit~' s ho uld 
resu lt from an optimum p:1rticlc size. 

Vo r aqt1co11s suspc ns io ns the paranh.!tc rs o f i111ri11s ic solu
hilitv and d issolution rn(c musr be con side red . The imrins ie 
solui>ili tv dcrcnni11cs rite a 111011n1 of drug actually i11 solucio n 
:111d av,i'ilablc for i111111ctliate :1hsorprion 11po 11 i;is till:nion of 
the dose. ,\ s the intrins ic soluhilicy of llw drng in<.:reascs, the 
concentration of the drug in thc s aturated solu1 io11 surround
ing the s uspe nded drug paniel<.: also ine rca~es. Fo r chis re ason , 
any comparison of diffc rc m drugs i11 s us pt.:11siu11 syste ms s hould 
ine ludc L11e ir r<.:1 ,nivc intrinsic solubilities. The observed diffc r
c.: nccs in the ir hiologic al ac tivities llHI)' he aserihc.:d wholl~, o r in 
parr to the diffe rc nec.:s in this phy,dcal pnran1c1er. As rhc drug 
pcnc trarcs the corne il and the initial s :1111ra1<.:d solurio n lx:
<.:omc.~ d <.:ple ted , t.hc p:inicl<.:s ntust d issolve to provide a furthe r 
supply of the.: dru~. The rcquirc me m he re is that the partic les 
must undc r,140 s ignilic am dissolution wit hin the reside nce time 
of the dosc in the eye if any h<.:11cfit is lO be gained fro m their 
presence in th t.: dosing sysrc m. 

For a dru~ whose dissolutio n rmc is rapid, the dissolution re
quire me nt may prcst.:nt few prnhlcms , hur for a s lowlv soluble 
s ubstance the dissolmion rate he<.:0111es c ri lieal. If the dissolu 
tion race is 1HH s ufli<.:ic m ly n111id 10 supply s ignificam additional 
dissolved drug, the re is the possibility thnt the slowly soluble 
suhs rnncc in suspe nsion provides no more dru14 LO the aque
ous hu111or than docs ;1 more diluLc.: s us pe nsion or a sawratcd 
solution of rhc suhstanec in a s imilar ve hic le. Olwiously, rhc 
paniclc s i;,:c.: of the sus pended drug affects the s urface area 
available for dissolution . l'a nielc size also plays an important 
pan in Lhc irritation pott:mial of the.: tloi;i11g syste m . This con
s ide ration is imrort a111, h<:c.:anse irritation produces excessive 
tearing :tll(I rapid drainage of the instilled Jose, as disc uss ed 
e arlie r. It has hccn rcc.:omrncndcd th:t1 panielcs he s malle r thnn 
10 mic rons 10 111i11imi1,c irritation to the eve . It s hould he kept 
in mind, however, 1hat in any s usr c ns ion ~ys1e 111 the c ffcet~ of 
prolonged s torage and c hanges in s torage tc n1pc racurc mig ht 
cause the s mallest partic les to dissolve and the larg<.:st particles 
ro hccomc larger. 
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The pharmacis1 shoulJ he :t\\';1re of two porcmial JiHiculties 
inhercm in suspension dosage forms. In 1he liri.c insc.anee, dos
agl! unifonni1y nearly always requires brisk shaking tO dis1rih
llle Lhe suspended drug .. \dcqu;ne shaking is a 1unc1io11 not onl~• 
of th<.: suirnhi lity 01 1he suspension formulation but also-and 
mosc importantly-p:ll il!IH compliance. Studies have dcmon
strau.:d chat a signifuJmlt numhcr of p;itiums may 11<>t shake the 
comainer at all; others may <.:on tribute a (cw trivial slwkus. The 
plrnrnwcis1 should use :i "Shakc \\'ell" labe l and counsel the 
p:uicnr whcncn;r an ophrh:ilmil.! suspension is dispensed. ,\n 
improved ophthalmic sus punsion has been dcvdopud for im:ol
uhlc drugs s uch as steroids. whiuh ll:nd ro uakc upon scttling.-'i 
Thu imprn,·ed ,-.11spens io 11 c01urob the floce11 latio n of the dr_u~ 
partidcs such thm they remain su l>s t:1111i;i lly resuspended lo r 
months a nd provides for c:1s,· resuspension of ;iny settlcd _par
ticles . NoneLhelcss, the pharmacist also should he aware o l the 
possihiliLy of c r)'St:tl growLh m·cr ti111c. This potcmi:il stability 
problem is especially problematic !or drug substane~~ whose 
solubility is s il!,nilicant lv dependent on te mperature. I he ma
jorit)' of° s uspension pn;ducls ha,·c a "Do Nvt Frcc1.c" \~'arning 
on the lahcl, because 1hcy :ire likely to :11.\l.llo111c rarc on lrcczin~ 
and will not be resuspended by s imple s lwking. . 

,\ second and infrcquemly occurring eharnctcristic ol sus 
pe ns ions is thc phc 1w111c110n of polv111orphis111. or th~ ability 
of a suhst:111ee 10 cxis1 in se,·cral different erysrallinc lor111s. i\ 
c hange in c rystal structure nrnv occur during storage, res_u lti1:g 
in an inc rease ( or clccrcasc J in crysrnl s i_1.e and altcr:mon 111 
chc su:;pc nsion charnctcrisries, causing solubil ity cha_11gcs rc
llce1cd in inc reased or decreased hioavailahiliry. ~lanulact11rcrs 
of con1111crcial s uspens io ns take these possibilit ies into accoum 
in the dcvclopmc111 and testing of 1hc linal formularion and the 
labeled swrnge conditio ns. 

In .~c>rnc cases a wmcr-solublc dru.!i has been eonvcncd ro an 
insolul>lc for111 and for111ul:11cd as a suspe ns io n ro i111provc the 
drug's srahili t~•. compatihility. bioav.ailahi li ty. o r patient tole r
ance. Thu ins()luhlc forms of s teroids such as prcdmsololll: and 
dcxa111cthasonc ha,·c helle r oeular hioavai lahility and :ire con
s ide re d nwrc poLcnt :t11ri-inlln1111nawries for topical oeub_,r use. 
A rcsin-l>ound form of dw -blocker hewxo lol has been lonnu
latc d as tt sus pe nsion am! is prcparcd i11 sill/ us inl\ a carhomcr 
poly mer.·'" The novel suspens io n f,ornm!ation improves both 
comfort ;ind ocular h io.avai lahil ily ol hcraxolol, d1u 0.2.S pcrccnt 
suspen s io n rhcr:ipcutic:i lly cq11i\·alc11t tO a O . .S pcrccm solutio n. 

OPHTHALMIC OINTMENTS 
Ophthalmic ointmcms arc primarily :rnh~·dro_us and contain 
mincrnl oil ;and white pc1rol:1tum as the hasc 1ngrcd1cm s, rhc 
propo rtions o f which c.1 11 hc varied t." :1djus1 cons istcnC)' mid 
ihc melting rc111pe rature, l)os:u~c van:1hal 1ry probably as grcm
c r Lhan with solutio ns (though prohahly no greate r than that 
with s uspens io ns). O immems will inte rfere with vision , amt 
their u sc is usually lim ited w hcdri111c inst'i llation . They remain 
popular as a pediatric dt'.sage form and for_ poswpcr:uive u~c. 
The anh vdrous n:1t11 rc ol the base c nahlcs its use :Is a earne r 
for mois iurc-scnsicivc drugs. T he pctrol:i111111 hasc can he made 
more miscil>lc with aquuous components by 1hc addition of liq

u.id lanoli ns. 
Ointments do o ffer 1hc adva magc of lon,l\cr contact time and 

grcaLCr weal drug bioavailnhilil)', albeit with slower onscL and 
lime LO peak absorption. Thc 1:clarionsl~ip dcs~rihing th<.: avail
ahil itv ()f l·incly divided solids d1spcrscd 1_11 an omtmcm base was 
given· by ! li{:uch i;"' wher~ thc amoun ~ ot solid (c!rug)_ rclcascd in 
unit time is :1 func tion ol concc11traC1011, soluh1hcy 111 the oint
ment hasc, and diff11sivi1y of t he dnig in Lhc hasc. 

OPHTHALMIC EMULSIONS 
An emulsion dosage form offers chc adv:mrngc 01 the ahil itv to 
de liver a poorly watcr-soluhlc drug in a soluhi lizcd form as an 
cycdrop. The drug is dissolved in a no naqucous \'Chicle, sueh 
as castor oil, and c muls ilied with Wfltcr. us ing a non io nic s ur
fact:1111 :md, if needed , :m e mulsion stabi lizer. J\n e muls ion with 
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water as chc cxccmal phase can be less irri1ari11g nnd bctrcr rol
crarcd by the paricm than use of a purely 11011:iqueous vehicle. 
8uch an emulsion is used to deli,·er cyelospori.ne topically for 
the treatment 01 elmmie dry eye conditions.'" 

OPHTHALMIC GELS 
Ucl-forming polymers. such as c:irhomcr, h:ivc hccn used to 
dc\'elop aqueous. ~c111isoli tl dosage forms, which a rc pack:1gcd 
and ndministcrcd the same as oimmem s. The ,·iscous gels ha,·c 
s i!.\nilicanrly increased topical residence time and ean increase 
drug hioavailahility and decrease dosage frcqucncy, crnnparcd 
to solution~ . . \Ii hough they C<HIU&in a la rge proportion of w:ucr, 
they can still cause blurring of ,· isi,m. ,\ carhomcr gel of pilo
carpinu administered at bedtime has bee n shown w prolong the 
J()J>-lowcring efi'cct in paricms for up ro ~4 hours: 11 

OCULAR INSERTS 

Ocular inscns have been dc\'elopcd in which the dru!.\ is deliv
ered on rhc basis of diffusional mechanisms. Such a solid dos
age form dclivers an ophthnlmic drug at a ncar-constanc known 
rntc, minimizing side cffccts hv a,·oiding excessive absorption 
peaks. The dc !i,·c1;,• of piloeaq;ine h" such an inscn wns com
mc rciali:wd in 197:i (Ocusert Pilo) i1v ,.\/.-:;u Corponl(i<m. The 
(~cuscrr is designed to he pl:1ccd in th~ lower cul-de-sac co pro
vide a week]~, dose <>I pilocarpinc, a t which time the svstcm is 
re moved and replaced hy a new o ne. The near r.cro-oider rate 
dclivcry is based on the sclcet io n of a non-eroding co-polymer 
mcmhranc c nclosinl\ the drn~ rescrvoir.41 
. Ocular inscns arc plagued with some of the same 111anipula

t1vc cl1sadvant:1~cs as con,·cntional C)'cdrops. The inscn must 
he placed in rhc eye in a manner similar w 1hc insertion of 
a eonc:1ct lens. Addicio nallv, the inscn mus1 he remm·cd from 
the eye when exhausted <;fits drug co111c111. 8 uc h m:111ipul:1-
rions can he diflicuh for the clderlv patient. Nunct hclcss, suc h 
thcrapculic inserts rcprcscnt a notable comme rc ialized scien
titie achic,·cmcm in pharmaccutieal sciences. The Ocuscn Pilo 
producL is no longer marketed, because 1hc drug has largely 
been replaced in glaucoma rhcrnpy by topical -blockers. 

Ocular insert~ rhac ~radunllv erode in the tear fluid hal'e been 
swdicd hut not eommcrcially°dc\'clopcd as ocular drug delivery 
svstc ms.4

·' In theory, an erodible insert would he advamagcous. 
hccausc it would nm require removal ar the cnd of its therapeu
tic c~•clc. would provide prt•cise unit dosing. and, if anhydrous, 
would nor require a prcscrv:11 ivc. Ir nrnv also increase ocular 
hioavailahi!(ty and rcduce the 1hc rapcu1ic dosal\c and possible 
s~•stcm1c clh.:c1s. The c hicf disadvanrngcs may be related co pa
tient use issues. co111rol of erosion and dru~ release rates, and 
s teril izarion . 

An erodible insert is avail:ihle ( L,\CIUSEHT) for crcatmcnc of 
d ry C\'C I l · • Id , J · I I · . . • as 1110 cc 111 t 1c s 1apc ot a rod from a hvdroxyprnpyl 
cellulose 11olv111c1· , I · J · I · · d. 

0

\\'I · · . ·' , V llC 1 IS C 1e acravc 111grc ICllt. 1CIJ lllSCrt· 
: d llltO the lower c ul-dc-s:ic. the pol\'lllcr imhihc.~ tear fluid and 
1''.'.·m~ a gel-like mass that gradually ~rodes while thick<.:nin.~ rhe 
tc.ar h im over :i pcriod of SC\'cr;il hours. The unit-dose inscn is 
:_inliydrous, and 111> prcsc1-valivc is required, which is hcncJicial 
lor :somc sens itive patic11cs. 

DRUG ADMINISTRATION 

TOPICAL ADMINISTRATION 

The inScillation <>f CYcdrops remains one of rhc lcss prccisc 
Y:t more act.:cptcd means of topical dru_g dclivcn'. The me thod 
ol adm111istr·111·011 · • , I .. I . · , , . , · . • 1s c 11111 lc1:-omc a1 >est. parneula rly for lhc 
c l'.lcah, pauents wi1h poor vision who have diflicult~• seeing 
warhout c\·c·gl·1s•·cs ·1 i I · · I I I · 11 1· Per . . . : . '.· ~ ·,, 1 l paucnts Wit 1 ot 1cr p 1ys1c:1 l:llll 1caps . 
. hdps su1pns111gly. mosL paticnts heeo111c quite adept ar rou

lme mstillation. 
T he pharmacist should ndvisc each patient w keep the fol

lowin_g poi m s in mind 10 aid in the inscillmio n of eycdrops or 
o irnmcnts. · 
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METHODS OF USE FOR TOPICAL 
ADMINISTRATION 

HOW TO USE EYEDROPS 
l. Wash hands. 
2. With one lwnd, gently pull lower eyelid down. 
3. If dropper is separate, s<-1ucczc rubber hulh once while 

dropper is in hottlc to brini:; liquid into dropper. 
4. llolcling dropper above eye, drop medicine inside lower 

lid whilt: looking up; do not touch dropper co eye or 
fingt:rs. 

S. Release lower lid. Try to keep cyt: open and not hlink for 
at least JO seconds. 

6. If dropper is separate, replace on bottle and tighten cap. 

PRECAUTIONS WHEN USING EYEDROPS 
• If dropper is separate, always hold it with the tip down. 
• Never touch dropper to any surface. 
• Never rinse droppt:r. 
• When dropper is at rop of bottle, avoid contaminating c11p 

when removed. 
• When <lroppcr is a pcrmancm fixture on the bottle ( i.e., 

when supplied by u phannaccutical manufacturer to the 
pharmacist), the same rules :,pply to :tvoid contamination. 

• Never use cycdrops that have changed color. 
• If you arc using more than one lcind of drop al the same 

time, wait several minutes before usinA other drops. 
• J\ftcr instillation of drops, do not close eyes rightly a11d 

try not to blink more often than usual, as this removes 
the medicine from the place o n the eye where it will be 
effective. 

HOW TO USE OPHTHALMIC OINTMENTS/GELS 
I. Wash hunds. 
2. l{cmove cap from tube. 
3. Wich one hand, gcmly pull lower eyelid down. 
4. While looking up, squeeze a small amounc of oim-

mcnt (about 1/1 to 1/2 Inch) inside lower lid. llc careful not 
to touch tip of tube to eye, eyelid , fingers, etc. 

5. Close eye gently und roll eyeball in all directions 
while eye is closed. Temporary blurring may occur. 

6. The closc<l eyelid may be ruhhcd very gently hy a 
finger to distribute the dn,g chroughouc the fornix. 

7. Replace cap on tube. 

PRECAUTIONS WHEN USING OPHTHALMIC 
OINTMENTS/GELS 

• Take care to avoid conrnminatin!i, cap when removed. 
• When opening ointmcm 1ul>c for the first Lime, squeeze 

out the tirst L/4 inch of ointment and discard, as it may he 
too dry. 

• It may he helpful to practice ointment use by posicioninA 
yourself i11 front of a mirmr. 

• Never touch tip of whc to any surface. 
• If you have more than one 1tthe of the same oimmem, 

open only one at a cimc . 
• If you arc using more than one kind of o intmcm at the 

same time, wait about I() minutes before using anochcr 
ointment. 

• '1'11 improve flow of oincmcnt, hold tube in hand several 
minutes to warm hcforc use. 

NASALACRIMAL OCCLUSION 
To li111it absorptio n of topically applied drugs directly into the 
bloodstream fro111 rhc highly vascular areas of chc nm.al cavicy, 
che patient should be instructed co close the eye immediately 
,tfccr cycdrop instillation, place a finger hc 1wcc11 the eyeball and 
the nose, and :ipply pressure for scverul 111i11utcs. This will tcm
pornrily occlude hoth superior and inferior can.iliculi, prcvc111-

i11g 11.isolacrim;d drni11r1g(;, 

INTRAOCULAR PREPARATIONS 
Ophth<1lmic pro<lucts introduced into the :1nrcrior chamber or 
vitreous chamber of the internal eye structure arc spcci:tli;-.cd 
<los:igc forms, requiring additional ph:1rm:tccu1ical C(lt1sidcr
atio11s in their for11111lalion, packaging, and manuf:icrurc. 'l'hcy 
arc essentially pnrcmcral-typc products requiring ho1h steril
ity and nonpyrogenicity as well as scrict concrol or par1ic11l;11c 
nrnncr, to ensure 1ha1 they arc compa1ihlc with sensitive in
ternal tissues c ritical lo visual acuicv. 111 some cases in which 
the product may be introduced inw ihc ,wrilc field durittg sur
gery, sterility of the exterior of the primary packai;c is required. 
Because preservatives commonly used ,;1 mpic:tl ophriwl111ic 
products ca11 he toxic ro sensitive intraocular tissues, such :is 
the corneal endothelium, intraocular products arc designed and 
packaged as prcscrvativc-rrcc single-use products 

Present lcchnologics :ire sun11narizcd in the next subsections, 
but many novel tccl111ologies can he expected in I he ncx1 several 
~:cars with the advent 1~f new 1hcrapcu1ics :iml appro:tchcs 10 de
livery for such dcvas1:11mg chseascs as ,\Ml), diahe1 ie rctinopat hy. 
and eystoid 1nacular cdcm:t, diseases of the hack of the eye. 

IRRIGATING SOLUTIONS 

Ouring_ ocular surgery an irrij.\uting solution is u,cd LO mai111ain 
hydrnu'.m, ocular vo_lumc'. an<l clarity or the cornea, providing 
t~1c surgeon a <:I car view<>( the surgical licltl. The irrigating solu
tum also provide~ a phys,ological medium for removing blood 
a11d cellular _debris, and for replacing the natural aqueous in
lraocular lhmL J\ ~Jalanccd sah solution (B88) is the pri111:trY 
1111raocular trngating ~ol111io 11 , which includes the key io nic 
eon_1~~_i1c11ts .. co __ ma1111au1 co1:11cal cndo1hclial intcgricy: sodium. 
p0l,tss1u_m, c.,lc,um, 111ag11cs1111n1 and chloride, as well as a nc1•
lral lO ~ltghdy alkalit1c pl I and osmolality of about .10;:; mOs111. H 

An cnr'.chcd halanccd snit solution (Jl88 Plus) is also availalJlc 
LO provide c11hanccd physiological con,1Jatihilitv Ii . 1 rc<iuired 
. . . ' . I . , ' IV Cl 
u~ an 1rnga11'.1g so u11on. I he e nriched soluci,~n contains o:d-
dt~cd ghna~h,onc, dcxcrosc,_ and hicarhon.1tc in addition lO the 
cmlcal w111c componc_nts. '° The additional ingredients in 1hc 
e nriched sohmon rcqmrc, for mnximum shelf-life scahilitV, dull 
the product h~ packa_gcd in a two-pan system lO he ascJ;tic,tllY 
re~onsttlltlcd .1us1 hclorc use. lmraocular solutions do not con
Lattl a prcscrvauvc and should he discarded . 1• , . · · t··,1 use. Tl . · '\ · • I , ,I let 1111 ,. 

ic_s~ 1rrig:t1111~_sn 1111011s arc :tlso designed to he used without 
.1dd111011al addtttvcs, because there is Jl!llcnt·· I 1· • • t ·•,ocular . . \ . I' . 1,1 01 111 I, 
tox1c 11y. I 11 ac tt 1c c p1ncphri11c inJ'cctioii c,> 1. • • • scidilllll 
I . 11· . . I II ,1111111/.: . 
Jtsu 1tc an11ox11 am, when add .. d ti> 1 · I · ·,1,,1·111° . . ~ a1 unraocu ar irn,.,, & 
solunon and diluted a-, n1ucl1 •,s :::()() fol I I 1 •tc'I ro . ' · ,, - t, las >ecn rcpm ' 
produce nllraocular toxicity. 1,, 

INTRAOCULAR INJECTIONS 

Products approved for direct ·111·1cct· • I · ,elude . . . . 1011 111(0 l JC eve I I 
m1011cs and v1scoclas1ics for (>Clilar . 1 • 1t't\•in1I . . . \• • · . , surgcry1 ; 11 u. nvo :11 
,,gents to trc.11 cvtomc"alov,r1,~ rcr·,n,·i·,s 'l'I . . .. ,rl>•,chol - " ,-; ' , , le 11110l1CS C, • 
and aeetylchohnc arc used ,11 tlic I 1- . 1c1·1• to 

. ' ' ' Cit( 0 C't{'tl" IC L SU I g , 
cons1nct the pupil, allowing the iris to cover, 1j1c' implanted in
traocular lc11s. Both 1>roducis ·tr . . . 11 1 . 1 1, 1l1·1t . • , c spccta v p·tc 1·1gcc sue ' 
the c_x_tc~tor of the primary vial is steri le. ~rh:s i; accomplished 
by use of a s pecial outcr container th.IL is pcr111c·1hlc Lo stcrlla1H 
gas. and yrcvc,!ts co11tami11a1io11 of the exterior ;>f chc vial. 

8olut1011s with vis"<>"l'ist· • tl1c . · ~ ~ • · •c propcnics -,re injected 11110 
c_yc dunng surj.\cry lO provide a mcclt·u;ic·tl 1;.,rricr 1,ctlVCCJI 
u ssucs and allow the eye sur••ci) ' • ' 1- 1.1,1·1111tl:t-. . · ., n more space or n , 
1~1u1 \~'.th _lc~s P~tcntial ~or trauma to very sensitive intraocul:ir 
tlsMtcs. 1 he pnmary v,scocl·tst·,c 1 . 1 -.,111,· 1,un-
• , , , . . ' " ' SU IS!rtllCC IS a 11,.; • 

ficd fr<1et~on of sod,11111 hyaluronatc. l'nrltic·tt ion is required co 
remove ~or~1gn proteins to he non-amigci~ic and 110111111l:11n-
111atorv lor 1111raocul:1r use ·r1,c . 1 . . lie ,,.1ricd · , ' · ' Vt~C()C :tSllCtl V ca 11 ' 
hv use of lractions and co,1,.c,11 1- 1- 1:1-1- 1 ,11olccu-. . . -. ra 1011s o c, ercn I 
1:ir wc1gl11~. Cho11droitin sulf:trc :tttd purified ltydroxyproPY 

◄ 
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I I ·1·· I· , v1·scocl·1st·1c and viscoadher-mcthylccllu osc arc a so un izct ,ts , -
cnt surgical ndjunccs. The viscoelastic produces are packaged 
and Ste rilized such that the primary package can be plac~d Ill 

the sterile surgical fie ld before use. Sodium byaluronate VISCO-
. f · s · d nn" stora<1c to clas1ic products usually require re ngcrauon u o o 

mainrnin their inregricy. 

INTRAVITREAL INJECTIONS/IMPLANTS 

'l\vo amivirals have been approved for rrc11cmcm of the ocular 
se uclae of AtD8 with direct emplacement in the v1ueous cav
. q · I I .,., I , 1·· I c lar 1l1erapeut1c concen-1ty S() as to prOVI( C lib 1 OC,l l~C( 0 ti _ . ,· . 

crations. J\ polyrncr-coawd sterile tablet conwming gancwlovir, 
cnllcd II Vicrnsert;'' is implanted by che surgeon 111 che v1rrcous 
c avity where it releases drug over ,1 period of sever:1} months 
'HHI ~l;cn is re moved and replaced with a new rnblct. I he tablet 
'. 1· J t d •v,-th 111agnesi11m scearntc as rhc drug earner a_ nd 1s ormu a e • · I 
coated with polynwrs that provide the. prolonged drug re -~asc. 
It is irnporrnnt tl~ac, during handling, th_1s polyn1:r,cormng 1~ n.~t 
damaged and the special sceri lc paclrng111g noc b~ c~1'.1pr~n~1s~, · 
i\ steri le solution of fomivirncn is also r1vailablc fo1 nm ,1~1cre_a l 
injection co tre,1t cycomegalovirus rerinitis. Ir 1s su~phc_d _ 111 

single-use vials mid is injected intrav1treally. ~v'.~houc I equmng 
surge1·y but must be repeated every 2 to 4 weeks. 

JUXTASCLERAL INJECTIONS 

Certain llise:1se conditions in che _b,'.ck of the eye ~re u;u~!I~ 
untreatable through LOpical ad111u11strn t1on to tl~e ey~. l <~• 
example, cystoid nrncular edema (assoc1~tcd _wHh traumd, 
chronic inflammation, and diabetes) results 111 swelling of rhe 
macula and, if left uncreated, loss of vision. At p1:es~n~ tl'.~~e 1s 
no effective treatment available for AMD, whose_ mc;_dencc and 
severity incre.isc with :1ge, resulting in progression 10m accu
mulation of proteins ,md glycosaminoglycans (clrusen) ~~-le'.tk
agc of blood vesseb (hemorrhage) and cvenwal bhn~n~ss._ For 
s~1ch conditions, localiied intravitrcal or ju~rnscl~ral m:'~:'.1~ 11~ 
may he preferable to systemic administraoon of dru~s eit ei 
a lone or accomp,u1ied by laser-initiated events, such as photo
dynamic therapy). 

OTHER MODES OF ADMINISTRATION 

Packs 
T hese sometimes arc used to give prolonged con~act. of a drut 
solution with the eye co maximiw 11bsorprion . Stenl<:: ~otto_n 
pledgct:-:, placed in the lower cul-de-sac, _have been ,u~cd, Ill t)l~S 
m'lllncr hut more recently corneal shields and solt contact 
Jc~scs ~lcvclopcd :is bandages, have been utilized to p1"?wct 
the co'rnca during hcaling.4tt Cornc,11 shields a r~ made of col
lagen thm is crosslinked to control the rate of eros.wn, usu
ally 12 co 72 hours. J lydrophiHc polymers used for s~f_t_ ~on_t,'.~t 
lenses without vision correction have also been uc1hr.~d ,IS ,1 

drug reservoir. The soft lenses remain inrnct and therefore re
quire removal. 

INTRACAMEIRAL INJECTIONS 

Injections may be directly inco che :tntcrio r chamber (e_.g., 
acetylcholinc chloride, alpha-chymotr?•psm, carhamylcholme 
chloride certain antibiotics, and steroids) or directly mt<> the 
vitreous 'chamber (e.g., amphotcricin B, gcutamicin sulfate, and 
cert11in steroids). 

IONTOPHORESIS 

This procedure l1ecps the solution in contact with the cornea 
hy means of an cyccup bearing a n electrode. i\n io nic d rug thus 
is subjected to a current generated by a cliffcrcncc in e lectri
cal P<>tcntial, which acts as an electrochemical driving force to 
transport the drug in the dircctio11 of the poccmi,11 gradient:19 

- - -------

OPHTHALMIC PREPARATIONS 917 

Figure 43-6. The locations for administnltion and target of therapy. 
OiJ1tme111: regions 1-5. Drops: regions 3-5. Parenteral injcctions
suhconjunctival: regions 5-6, deep subtenons: regions (>-8, rctrcobul
har: region 8. 

SUBCONJUNCTIVAL INJECTIONS 

Suheonjunctival injections (Figure 43-6)50 are used frequently 
to introduce medications that, if applied topically, either do 
not penetrate into the anterior segment or penetrate wo 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 subcon_junctival injection is for the administration 
of antibiotics in infections of the anterior segment of the eye. 
Subconjunctival injections of myclriatics and cycloplegics also 
are used to achieve maximal pupillary d ilation or relaxation of 
the ciliary muscle. If tJ1e drug is injected underneath the con
junct iva and the underlying Tenon capsule in the more poste
rior portion of the eye, effects on the ciliary body, chornid, ancl 
retina can be obtained. 

RETROBULBAR INJECTIONS 

Drugs administered by retrobulhar injection (Figure 43-6) may 
e nter the globe in essentially the same manner as the medica
tions given subconjunctivally. The orbit is not weH vascular
ized, and the possibility of significant removal via bloodstream 
effects from chese injections is remote. In general, suc h injec
tions arc given for the purpose of targeting medications (e.g., 
antibiotics, local anesthetics, enzymes with local anesthetics, 
steroids, and vasodiJators) tO the posterior segment of the globe 
and affecting the nerves and other s cruccures in that s pace for a 
sustained period of time. 

PREPARATION 

COMMERICAL MANUFACTURE 
Phannaeeutic:11 manufacturers provide finished oph thalmic 
products, manufactured and tested for quality according to 
stringent industrial and governmental standards. The products' 
sterility and, where required, their nonpyrogenicity, as well as 
oth~r im'?ortant quality standards, are assured by end-produce 
~estmg ot each batch and a lso 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) re~ula
tions51 promulgated and enforced by the J<'DA. If the product is 
a new or generic drug or medical device and has received J<'l)J\ 
marketing approval, the manufacturer must also mi::ec the re
quirements specified in the approved application for chemistry, 
microbiology, manufacturing, and quality conrrol. Significa11t 
changes to the approved requirements m ust be submitted ,ind 
approved by the (<'DA. Por p roducL~ not requiring i>tiOi' IrOA tlp

proval to market, such as monogrnphed OTC drug prodt'.ccs,52 

the manufactw·cr must meet the quality st:llldards of ,ippJ,cable 
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USP or NF compen ta mono ' • ' <l. 1 graphs 111 ·idd1t1o n to the c urrent 

GMP regulations. . e app,·ov·1I in sp ections f · • s b1ccc to pr - ' · · T he nrnnu ac ture r ts • u · . . . • · . 1 y the l<l)A_ The . I" UMP ·capproval mspcct,o ns > 
an<l pc n ot re 

1 _P?s. , . ns of the s uppliers of active in
I<DA a lso conduce:-; mspecc,o · . · , n d certa in in-tctive 

I I t •. •,in ·mcl <lomcsn c, ,1 • ' gn.:d ients , mt 
1 

mei"' ' • . 1'1·ic m·mufaccurc is . . . d , 1 . Sing o pe ranons. ' • . · 
ingre dients "

11 
p~c ~••~, , . < f produ c t that <lo not meet qual

s ubjccc to rcc;1lls of b,, tc l es 
1
>·cs ,1 r·ccall may resul t, not fro m . . . . I ·omc c, s . ' 

icy rc(Jmrc mcnc:-; . 
11 

s . 1 fro m 11 lack of assurance char the 
ac cual fo iled tes t resu~ts, 

1
~ ~et q uality require me nts th rough produce will con n nuc to 

its s he lf-life. 

PHARMACY COMPOUNDING 

. 1 . . 1 ,11 patie nt prescriptions hy ph<1rma-d . \ o f tnt ! Vi l LI, ' · J 
Compo un mg . cs ·111 some areas to be an mtcgra I • • •in d cont11111 • · d 
c is ts lrns Jcen • .. , . , , The routine need tO eompoun 

f h , r 11·1cy P1 ,ic trcc. d · I I P·irt o P •
1 1 

• 1 . ·18 no lo n"cr require wit 1 t 1e , I I . I ic p rot ucts . & . 

sterile op 1t 
1

" m .. lly m·tnufac ture d produces avai lable 
6 , of uom merc, ,t ' I h I · 

hrond ranoc . d gene ric prescription op H a m1c 
today. Most ol t hcd nc: an have been subjected to t he FDA's 
Products m arkete co fay C>ot· of" s·ifcty an d e fficacy o r bio-. 1ents o r pr "' • 
rigorous r cquirc n II . ·. h e n anufocturin.~ a nd quality requirccquivale ncc, as we dS t ! ' 

mcnts a lready de~~r'. l~~~iicd to compound a prescription for a 
If t he pharmac,

st 
rs ,ts h , s ,1 J' rcscrv:ttive-frcc version or · I oduct s ue a. , • · 

noncommc rcm pr ' 1 h Id be well versed in the prepa-. . . . , 6th he o r s 1c s o u f •1· 
pe diat n ~ s tr c_n,,. , , . 1 • he proper equipment a nd ac1 1-
rntio n of sce nic products,, I ravlc· t t tl1e spcciitl require men t<\ for 

d h I J ·d"e·1 , c a >OU • . . 
tics, a n c m o w c "' ' · 1 1 • 0 -1116 Re forcnce informatio n . f I· t" ons •mt pac <,1,, o· . 
opht ha lmic orm u •

1 1 
' ' I f r pli-trmacy com poundrng, 

o n the s randanls and techno ~gy _:1 of s'cc rilc produces, s hould 
with special e mphasis on prep,ir~tr 1.

1
Lts t ·tlso consult rhc rules 

I I q s.1 The plrn rmac1st n • • 
he co11su tct • · · ·· . lic·tble s ta te boa rd of pharmacy con
and regulations of the app ' · 1-11

,, ·ts well as a ny fede ral 
. I • CV compounl I <:, ' . 

ccrning scenic r 1arm., • 1 • t ·<l by the FOJ\. Congress 
. , encs promu g,1 c I 

regulato ry reqmre m · <l ., , t"o l Act certain lcga con-
inc luded in the 1997 FDA Mo

1
_ ~rn_iz,id•c lincd in the J\ce, wo uld 

f I · I •ompounc mg, •18 1· 1 di tions or w 11c 1 c . Tl c p11'1rmacy compounung 
he exempt from l

7
DJ\ rcgu!at,o '.1 . 1 \ ·ciga~cd nnd overturned in 

section of the Act was subsequen t y 1 
. ·t ticmal restrictions 

· . t· · 1cd uncons CJ u 
its e ntirety, bee.a use it con '111 I) , . y seek new legislatio n to 

I h The F " 111 •1 • t· on eonuncrcin spccc · . _ , fac tur ing in che guise o 
address its concerns rcgartlin~ ~;~nJ~l)A has issued a guidance 
compounding. In the mcanomc , . . ds to rcdu)ate pharm:icy 

I ., , gcn cy in ten · 0 "d I document on 10w u1c •
1 

. . conside red co he outs , e. t 1c 
compounding o f human drugs ' . e ·incl iii violatio n ot the , pnlC(IC ' < hounds of tradit ion al pharmacy f 

1938 
( P'DC/\; www.fda.gov/ 

U8 Food , Dru~, a nd Cosme u c A~~~d a Pharmacy Compounding 
cdcr/pharmcomp), and has prov, 
Complia nce Policy Guide (2002) -

STERILIZATION 
. . 1clude moist heat unde r I I I. •tcrilir.acwn 11 •

1
. • I 

Commo n me c 1m s o s • fil t rntio n, gas s ten 1zat1on , ant 
pressure (autoclave), dry hc

1
at , Ch aJ)tcr 40, whe re these stcr-

d . · • Please re e r lO ' ionizin6 ra ratio n. ' • •1 d ·1,1 dccail. 
' 

0 
dcscn 1e ilization proced ures a rc 

NONSTERILE MEDICATIONS 
DANGERS OF . 1. •on resulting fro m the use • · • cuhr 111 cctt I 'l' I , J'ossibili ty o t serious O 

' 
1 

. s h··is been documen tet lC ' . . I I . ' so ut1on. < • 

of contaminated o phc 
1
a ';

11
\ · . lutions have rcpcaccdly been 

·tmJ)ly in chc li terature. 8uc
1 
s ~ e n loss of eyesigh t. Contam

' , ., I ulcers a m 1;:v · • I · ,· •' che cause ol corne,1 f I to be in use 111 p 1ys1c1ans 
. I , ve been ount I I b imttcd solut ion:-; 1•1 

. 1 . . , 1 infirmaries, am 1ave ecn 
1. ·c. ·111d llll ustn<1 h . I I Offices eye c 1111 s, • . 111n·ity 'tnd osp1Ca p iarma-. • · · n 111 comn ' 

dispensed on prescnpt lO . • tly found as a contaminants •r . ' )hes most lrcquc n . . . . I •s . cics. h e m ,c rc , _. · 1 u J'sewlomon as aeruti!nosa rs ,1 e s 
arc srnphylococc_r gro ~- I I e solution most o!tcn found concommo n conca1111na nt, <1 nl t 1_ 

. ·1 tc' l1 ·s soc.lium fluorcscclll . l,;J!ll lll , , • • 

I s. l1C l'H,!!t11osC1 (Bae1llus py()C:.)llt11c: 11s; J'se11dcmw11as />.\OC:)Cl 
nea; blue pus bacillus) is a very dangcrou~ a nd op portu n1s nc 
organism chm grows well on mosc cul ture media a nd produces 
both coxins :in d antibacteria l p roducts. The lat ter tend ro kill 
off oche r contamina nts and allow the /'s. ue r 11,!!i11osc1 to ~row 
in pure culture. T his (irani-ncgativc hac illu:,; a lso growi- re:~dily 
in o phch alm ic solutio11s, whic h may hccomc t he sou rce ot ex
t reme ly serious infectio ns of th e cornea. It can cause complete 
loss of :,;ighc in 24 ro 48 hours. At conccntnttion:,; rolc rnrcd by 
tissues of t he eye, TllOSl •>f t he antimicrobial agen ts discussed in 
the following section s may be incffoctivc against sumc Mraius 
of Ps . acruginosa. 

i\ s terile ophtha lmic solut ion in a m ultip le-dose conrnincr 
can he con ta1nini1tcd in a number o f wavs unless precautio ns 
a rc taken . !<'or cxan1plc, if a droppe r hottl~ is used. chc cip of the 
dropper while out of the bottle can touch t he s urface of a rnh lc 
or shelf if laid down, or it ca n wuch che eyelid o r eyelash o f th e 
patie nt during administration . If the l>rop-Taincr (Alcon) type 
of bottle is used, the droppc:r lip can touch an cvclash or th e cap 
while re moved to pe rmit adm inistra cion, or i,s· edge 111ay lOuch 
n table or finger, and that edge ca n t<Juch the d ropper rip as t he 
c ap is replaced. 

The solution rnay conrnin an effective an timic rohi.t l, hut th e 
next use of the con rnntinatcd solution may occur before e nough 
cirnc has elapsed fo r all of the organis ms to be killed, a nd liv
ing organisms can find the ir way through a n abrasio n into the 
corneal strorna. Once in the corne al s troma, :in y rcsidu:11 traces 
of amimic rohial agents arc ncmral izcd by tissue compone n ts, 
and the organis ms find a n excellent cu lt ure me dium for rapid 
growch and disseminatio n through the cornea and the anterio r 
segment of the eye. 

OTHER ORGANISMS 

/Jae-illus i--ubcilis may produce a serious ahsccss whe n it infects 
the vitreous humor. T he pat hogenic fungus conside red of pa r
t icular importance in eye solutio ns is , \s J1er,Qi/l11s fi1.111 i,!laws . 
O t.11cr fungi o r mold:,; m:iy cause harm by accelc raling d e te rio
ration of the active tl11.1gs . 

With regard to viruses, as 111:iny as 42 c ases o f e pide mic kcraco
conjunct ivitis we re caused hy one ho ttlc of virus-conta mirrntcd 
tet racainc solution . Virus co11ta111inarion b pa rticularly difficult 
to control, because none of the preservatives now avr1ilahlc is 
viruc idal. .M.orcovcr, viruses a rc not rc111ovahlc hy fil tra tio n . 
1 lowevcr, t hey are destroyed hy a uu1clavi11g. T he plrn rm.wist 
and ph ysic ian have not been made adequate ly aware of ch e dan
gers of rransmiuing viral infectio n via contaminated solut io ns. 
This is particula rly pc rtincm LO the adcnoviruses ( types Ill a nd 
VIII), now believed LO be the caus ative ai:tents of viral conjunc
t ivitis, suc h as e pidemic kcracoconjune tivitis. 

The d anger o f nonsterile preparmions is cxpommcia lly in
c reased for produces intended for injcctio11 wi thin chc eyeball. 
Endopht halmitis :tnd loss of vis ion can occur within a s ho rt 
t ime of onset of a bac te rial in fection . 

METHODS 

Steam Under Pressure 

Te rminal sterilizat ion by autoclaving is an acccprablc. e ffective 
method of s ter il izat io n·; however, the sol11tio n o r s uspe ns io n 
componcm s must he suffrcicnrly heat-rcsistam w survive_ che 
procedure. If sterilization is carried out in the fina l conrn111c r, 
t he containe r a lso must be able co withstand heat and pressure. 
A recent additio n to thii; technique is the so-called air-ovcr
sccam autoclave. This combination allows pressure adjusrme m s 
LO he made during the autoclave cycle. Prc:-;su rc manipulatio ns 
pennir the au coclave sterilizntion o f matc ri:tls tlrnr. '.vhilc h; ,at
resistant, tend to deform (i.e., polypropylene co_11rn111e rs). I h e 
stcriliza tio n cycle for a produc t s hould be carelully vahda~c tl, 
and one must assure that scc rilizatio n tcmpc ra1urc and tune 
arc monitored at the coldest spot of t he autoclave load to as:-;urc 
s tc rili t}' of che product. 
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Filtration 
The USP s t11tc s that s rc rik· mem hranl· tihr:rt io n unde r nsep tic 
conditions is th e pn.•fcr rc:d 111ethod qf s teriliza tio n . ~lc mhrane 
filtratio n o ffe rs rlH.: s uhs1a11tial :1d\':t111ngc of room-1c mpe rac11rc 
op c rmio n wi l h none of t he dd c ierious e ffects of cxpo:-urc ro 
hc~rc o r s tc rilizin ~ 1.::rs. 

8tcriliz:11ion l l\' lihr:r tio 11 docs ill\'oh ·c the t ransfer of the tin
ish ed ster ile proliuc t i1110 pre\'io11s ly -<tc r ilizcd conrninc rs. us ing 
aseptic techniques. T he 1m:111hra11c li hra1io 11 l.!quipmc !ll itself 
us ually is s rc rilizcd as :r 11 :rsst·111hl~· hy :111wcla ving. 

Scvcr :d rvpcs of 111c 111hr:11 H: li ll r:11io11 eq uip me nt :rrc av: ril 
:thlc fo r s mall-scale p roce.ss i11g. as dcscrillt'd ill ( :lrnptc r ..J (),:'·1 

l'art ic ul:ir interest ha s hcen s h o11·n in the Swin11c~· ad apte r, 
ticccd o n :1 sy rirn.:e, :111d in rhc ,1/i//ip off Swinnex disposa ble 
filte r units . t•:mpt y sterile pl:1.stic s c111 t'<'a>e eo11t:1inc rs :rnd s te r
ile plas ric ~ihrntio n u n its c an he purc h:ised din:crly fro m the 
manuf:rc turc rs. includint_\ \\'h c:11011 (po l~·c th~· le nc c ontaine rs) 
and 1Wi/lipo r t· (Swinn cx tille r unils l. Thcr pe rmit extc mpora-
11c<1u s pre paratio n of ophdralmic snlucio n,,, whic h ha\'c a hi~h 
p rohnbilicy of hc in t_\ s tc rilc if the \\'O ri, is ca rried 0 111 unde r 
a septic condi1io 11, .\ s11pplc 111c111arv device can pe rmit :11110-

malic refilling o f the syrint.:c . T he ti i1cr unit mus t he re placed 
rtfcc r use. To a void c o 111:1rnina1io n . the pharnrncisc s hould till 
s te rile fi l te red s olut ions i1110 pr~•sterilizcd conraine rs c losed 
with ,ippropriacc fit 111c 111s and c losed unde r la111iw1r tlow. us
ing ascpric rcch n iqucs. T he Pa re nte ral llruQ .\ ssocintio n has 
pro duced SC\'Cral aud iovi~ual tc nc hinQ mate rials fo r aseptic 
ccchniquc" a nd proccssi nt\ . Th..: r t·a dc r s h ould rdc r to these 
g uidelines fo r rcrcre ncc 

Gas 
(;:.1s s tc ri liiatio n of het11-s1,;11s iti \'c n 1atc ri:rls 111:1\' he carried 0 1u 
b y e x posure to e thylene o xide ( l·, t( )) t_\as in the p;.escncc o f nw is
curc. EtO gas fo r s tc rili z:11ior1 u>,c b a,·ailahlc cm11mc rcially , di
luted with c i1 he r cm-hon dioxide or lwlogc narcd hydroc:irhons . 
8 c0 s cc rilization requi res c arcr11I cons ide ration of conditions 
re quired to e ffect s r1,; rili1y. Te mpe rature :111d pressure condi
t ioris arc quite n<Jm i11al in c o111r:1~t 10 wet o r dry heat; howc \'cr, 
c areful c oncro l of expos ure 1i111c . EtO concen1ration, and mois
ture.: is csscmial. 

Gas stcriliz:11io 11 requires tlwt s 1K•ci:1lized . Ina nm 11ccl·ss:trill' 
e labo rate, equipme nt he used. ( ;;rs 11utucl.1vcs 111:ry rnni!c fro1{1 
very large wnlk-in units 1<1 s m:t ll u11its o n the sL·:ilc of a labo ra
tory benc h tha t arc s uiwhlc for s111:rll hospitals, l;rho raw rics. o r 
pharrn.1c ics. l 'st.:rs o f gas autoc!:1,·c~ must keep in mind the pos
s ibility of hu111:r11 toxic it )' and take c are to restric t exposure to 
EtO during the lo:rdi11g, \'e 11tit1~ . .iml u11lrn1di11g o f the s terilizer. 
EtO s te rili,rn1ion produces irrit:11i11!l hy-pn,duc ts that re main m, 
res idues in or o n 1hc artic les s tc rilizc d. Residues i11cludc e rh
)rlt:nc glycol and e thylene c hlorohydrin (whe n in c<mt:1c1 with 
c hl<1ridc ions), in additio n 10 l•: c< ) itsel f. ,\ e r:1t io11 of the s te ril
ized articles for ac le as t 7?. ho urs, prc fc r:rhlv :11 -l ll°C to so•,:, 
will minimi✓.e s uc h residue,,, 

Aml>ic !ll .iurn1 ion ti111c for s 1e riliw d po lycchylcnc honlcs 
should he a ll011r .. p , ho urs . 1~1() is rcco111mc 11tlcd for the s tc r
ilbrntion of solid 111:rtc rials th ,H will 11'>1 withsrand heat s tc ril
izacion. The FD,\ has reco111111c11ded 1uaxin111111 residues in the 
par1s -pc r-111 il lion rn11gc for l•:tO. c:thylcnc ,glvcul, and cthvlc nc 
c hloro h ydrin . · 

Extrcmc caution is 11c1,;essa1y whcn using EtO gas s tcriliza
tion. The previous ly acecprcd I ?.:1-lH mixture of l-:10 I<> Freon has 
been replaced with I 00 pcrccm l•:tO for c nvironmcntal reasons. 
This gas is explos i\'c , :rnd all wo rke rs nlso s hould be protected 
from accidc nrnl cxpusurc hucmrsc of concern for c arc inogenic
ity and othe r toxic reac tio ns to Et<>. This me thod :rt present is 
used as a last resort wlicn 1w other me thods c an be used. 

Radiation 
Ste rilization hy expos ure LO ionizing radiation is an accept
able procedure for cnmpo11c111i. of ophtlialrnic pruparacions o r, 
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indeed . for rill' torn! product. suc h as certa in oph chalmi<.· oint
ments. Sourcci. of radiat io n :ire twofold a nd inc lude lincnr clcc-
1ron nccck•rntors and rndioisot\>pcs. The linear accclc rarrirs 
p roduce high-energy electrons w ith vcrv litdc pe n ctrarin_g p<>11·cr. 
lladioisotopt•s, p:rrrieularly '' 'Co( :r i.ourcc for t_\amma irnrdi.lt ion). 
a re employed more widcl\' than linear e lect ron :!l'cclerntors for 
s teriliza tion . t-;re ril izat ion ll\' rnd imion nwv r roducc u111owa rd cf
fcccs . suc h as e he111ic:1 l ch:'111ges in prodt;c t compone nts as well 
as c h:mgcs in color or physical characteris tics of packaQc compo
lli.!lHS. Cam ma s terilizario n is e urrc mly the mcchod used in place 
of EtO for ster ilizing mosl of thc paclrnging components. ( hmun a 
stcrilizario 11 of cm11ainc rs rna,· :1l1e r the s urface clwrncrc ristics, 
a 1_1J this can increase d1,;!lrada ;io 11 o/ tl rut_\ 111u lcc11lcs a nd/or :.<>me 
ol the excipicn1s uscd in the forrnularion . Some plastic ma u ufac 
lllrc r" ha \'<.: de\'l'lopcd s pecial (\rndcs of polypmpylenc resin that 
arc swhili1,cd co withstand ~,um11:1 i rrndi:11ion. 

OPHTHALMIC PREPARATION CHARACTERISTICS 

CLARITY 

Ophthalmic solut io ns. lw de fini tio n. el)11tain no u ndissoh ·cd 
iug~cdic nts and a re cssct;cially free from fore ign panicli.!i.. Fil
t rnc10 11 can c11ha11cc clarit v in s011 ll' cases. It is cssc111ial that 
the til tration equipme nt h~ clean and well ri11sed l'l a\'oid i11-
croduc 1iun of panicul:1tc m:mcr im o I he solutio n hy equipme nt 
dcsign cd to rc mo\'c i t.< )pc r:uio ns pe rformed in clcnn surround
Hl,gs, 1hc use of laminar-llow hoods, ,rnd prope r nons hcdding 
gnrmc111s wi ll comrilnnc collccti"cly 10 the preparatio n ,,r clear 
solut1011s esscrHially fret:· from fo reign particles. lu nt.111\' in
s tances the same lihr:11io n s twp can produce ho 1h c la rin : and 
s te rility. If viscosity-imparting polyme rs a rc used . a poli~h-lil
tc nn,t_\ s tq> niay he necessary hcforc the lin:rl li ltr:11ion. 

Bo clt co111ain1,;r ,rnd closure mus t he thorough!)' c lean . sterile . 
a11d 110n-sh eddi11g . so that ne ither one i1111·oduccs pa rtic ulme 
matte r ro the solutio n durin,c prolo nged contac t for the durn-
1 ion .c~r" the s helf-life. Nonn.rl ly 1his is establis hed ii)' thorough 
swhtlny l<.::--ti11_g. whic h a lso will indiuatc whe the r insoluble par
uclcs (by-produc ts of drut_\ degrada tio n ) have been gene rated. 
Solution for11111la1io ns may also eonwin ,·iscosi ty-impa ning 
poly11rcrs that c an diminis h clarit\'. In thcsc s itumions it mav 
he irnpo r~:1111 w ho th dc tinc the vis;ral clarity of the p roduct an~l 
11'.o n iwr lls s r:1hili1y. The /~11rnpecrn l'lw nw,coµoei(/ describes 
\'lSu:rl clarity nnd recomme nds standards that can he used for 
clant y s pceific atio 11,,.·1 

STABILITY 
The s 1abili1 v of .1 J - , • I I I . . , • { 1 ug m an op 11 rn 1111c p roduct dc pc 11ds o n a 
numbe r ol h c t > . · I 1· I . . • 

1 
• ' < rs . rnc U ( mgr 1c c he mrc:il nature ol the dru,1 

s u >s1:1ncc whc th r ·t · · I · ,., 
I 

• u r 1s 111 so ttl ron o r s uspe ns io n . produc t 1>1 I 
me t wd o f prc 11·1rn t' ( . I I . . 

1 
. . ' 10 11 pan1c u ar y 1e mpe ra111rc exposure) 

so UIJ<>n addrtiv . · . t f . ' , . c.s. ,rnt type o paclrn.t_\111g. J\ phnrmaccurieal 
m,u111lac u1rc r >irr· . . . 1· . , 1 1. 1 .. 

II
, I . • I\ cs 0 1 ,r s 1c !- rlt: meas u red in vears a t eon-

l ro Cl I OO!ll-tcm11c r·11 . • • 1· ' . • 
1 1 

• lll c c om rt1n 11s whe re as the e ompound-
rng P l ,trrll't<.:is t o ft · ' 
1 • • . ' : e n rs uncenain abo ut the s helf-li fe of his or 
ic r pr e par:rt1011 1111d ti - . •'d . ·it . . . . ius P1 o, t 1:s r c lat1Yelv s mall q uantities 

• \lilt: 11111c ·rssrnn s . •I If 1· · • · . , . . . ' · · ·. -. · •1 " Jc - rte rn te rms o f da \'s or weeks ·111d 
111 •1) ~pccdv rcl ri,lc r· . l . · ' ' ' ,111.11· 11 

· f ., ,itct Moragc ,ts ,.l furthe r prccmr cion . T he 
' ' r r icn1 n o ptimum . I ·1· f 
111 · . .. • 

1 
• st:l >1 rty <.> ten re quires some corn 1iro-

1scs m t 1c formula!' I . 
li11·i l . I ton, pac rngrng, and prc pararion ot" chc 

• 1)1 ()( llCI. 
Thc product 's 11! I · • f , I . .. . . 

111. 1. . 1" 0 te n 11e s tahrhrv-com rollin t), !actor tor 
,tny t r uus Llru,is su h ·1 . hi ti · . . ..,. · ,.,, · c as P1 ocarpinc and phl'sostigminc an.: 
> 1 ,!Clive ·ind co nf I J · I · • 

1 
. • 1 o na 1 c .111 L ic eve at · 1 pl I o f (1 Ii· however 

'11 t l JS p 11. Ch Cll!' •• I . , I · 1 · . . . : ' • • . 
1 

IC,I s l,l >r Hy (01· 111s whrlirv) can he mwasured 
11
1
'. t :rys ~lr mo111hs. I·:ither drug will lose :1.s11hst:1ncinl :m1<111111 

0 c h<;mrc·tl ·t·· I ·1· · l . _ · s ,r >1 11y III css tlwn /l vear. On che other hand, nc :\t' I 01 ·"·0, hmh drugs a~·c Stahle fc·,r a pe riod o f scvernl years. 
_ 1th reg,rrd ro uru com Ion ar ac idic pl I, sec rhc !me r discus

sion unde r Uuffc ,· :ind pl r.) 
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In addition to optimal pll, if oxygen sensitivity is a factor, 
adequate s tabllity may require inclus ion o f .111 antioxidant _or 
special p:,clrnging . . Plastic packa~ing, suc h as _che low-dc ns,cy 
polyc1hyle nc containers (e.g., the DropTaincr lrom Alcon) thac 
arc convenient for patient use, may prove dctrim: ntal _to s_rn
bility by permitting oxygen permeation, rcsul1i11g 111 ox1dauv_c 
decomposition of the drug suhs rnncc. D:~clO))lllClll o f_ an e pi
nephrine solution with 2 w 3 years' stah1hty 111 a pl:1s~1c P:lck-

TONICITY 
11 .. ,Its in aquc-

Tonicity refers LO the osmotic pressure cxcrLCt lY s,. · I er 
• I . I . . . , J·c wrth anot I ous solution. An o phtha 1111c so u11on 1s 1sow1 1 . • of 

. I . I 11· I• t' 'C 1>ro11crncs sl)lution when the ma.i.:mtut cs oi t 1e co 11.:,1 " . 1 •. , 
. I • · s consrt crcu 

the solutions arc equal. J\n ophthal1111c so u11or1 1· · , 1._ 

age rctiuircs the use of a pll of about 3.0 ior protccuon lrom 
oxidation, whereas an epinephrine hora~c solullon formul:1tc<l 
ac a pl t of about 7 .0, whic h is more comio rrnblc tO the paucnt, 
requires an antioxidant system_ a_nd .r~1c u~c o~ glass p~clrnging. 
The prodruA of cpincphri1~e, d1p1v_clnn, s1g111ficantly 111crcascs 
ocular hio:wailahility and ,s cffccuvc at onc-tcnrh the concen
tratio n of epinephrine. The structure of the chemical derivative 
protects the ac tive epinephrine portion from oxidation, so that 
it can be paclrngcd in plastic. 1 lowcvcr, the a labile ester linkage 
introduced in the prod rug requires that it he formulated at a pl I 
01 about 3.0 to minimize hydrolys is; even with this precaution, 
the shelf-life of dipivdrin stored :it room tcmpcr:iturc can he 
exrcndcd to no longer than 18 momhs. 

Plwrmaceutical nrnnufacturc rs conduct comprehensive sta
bility programs to assure the assigned cxpiraiion <lal i11~ for each 
product. In addition to monitoring the sr:mdard c hcmicnl an<l 
physical srnhility of the pharnrncc11tical 1 they test the stability 
of the preservative by c he mical means o r by actual c halle nge 
of its cflicacy with apprnpriatc test organisms. Sterility is not 11 
stahility parameter per se, hut each conwincr-closurc system 
can he tCSlCd hy microbial challenge to assure imcgrity of the 
package against environmental contaminatio n before opening. 

8omc of the newer c lasses of ophthalmic <lrugs, like pros
taglandins, arc very hydrophobic uml have very low concen-
1rations. (?or example, ln the product Xalawn, latanoprost is 
present m 0.005 percent, and in the pro<luct Travatan, travo
prosc is prci;cnc :it 0.00'1 percent. Active agents at such low con
centrations present a challenge for fonnulators, because the 
loss of even s mall amounts of drug (e.g., from adsorption losses 
to packaging) can become significant. l'harmacia's Xalatan re
quires refrigerated storage, and as indicated earlie r, tempera
ture cycling also can reduce che conccmration of act ive dru,!!. 
It ls important thal the pharmac ist knows lhc properties of the 
dnig s11hsta11ce, in order to maintain product quulity through
out the shcll'-lifc of the product. 

BUFFER AND PH 
Ideally, ophthalmic preparations s houl<l he formulated al :i pl I 
equivalent LO the tear Jluid value of 7.4. Practically, formulators 
seldom achieve this. ~lose accivc ingrcdicms used in ophthal
mology a rc sales of weak bases an<l arc most s whlc al an add 
pl!. This property generally holds for s uspe nsions of insoluhlc 
corticosteroids. 

Optimum pl I adjustment generally re quires a compromise on 
rhc part of the formulator, who s hould select not only a pll that 
is optimal for srnhility hut a buffer syste m that has adequate 
capacity LO maintain pl I with in the stability range for the du m
t ion of the product shelf-life. Buffer c;1pacity is the key in this 
s ituation. 

It generally is accepted that a low ( acid) pl I per se nccc~sar
i ly will not cause stinging or discomfort 011 ins tillmion. 11 the 
overall pl I o f the tears, after instillation, reverts rapidly to pll 
7.-1, disco111fon is minimal. On Lhc other hand, if the h11ffcr 
capacity is suflicicnc to rcsis~ adjustment l_>Y tear fl~1id ant( the 
overall eve pl I re nm ins acid tor 1111 apprcciahlc pc nod of 111~!c, 
then sti i;i.:i11i.: 11nd discomfort may result. Cons~q~1c1~tly, hulle r 
C'l(YICitv s ho uld he mlcqu:1Lc for swbility hut m1111n~1zcd, so for 
a~ 'ossihlc, co allow only 111omc111a~y disruptioi1 1'.t _ch~_ov~r,'.11 

JP · I . fluid :-ipcci·il care 111 formul:11111g 1nl1 ,1oc11!.ir 
pl <Iii L w_ te at . '°'j ;.c,1•11·:linu the ir pl I and huffcr capacity. 
l, rot ucts 1s I cqt111 ~- ,;• ., 1 I · · • · 1 1 1 .1. m c·in tolerate muc h css t cv1:1t1011 
'I he cornc:1 cm oc JC 111 • I I • •t •rn-tl cor-
fn,rn physiological conditions. co111p:1rct to t Jc ex c , 

nc:il cpitl1cl iun1.55 

. . . . I 1·. o I) lcrccllt sot 1 ·1,;<>L<>1J·1c when its tomc1tv 1s equal ro L 1:rt o ,1 • I • • · 1 . , 11c pres-
um chloride solution (290 m<Jsm). llowcvcr, tic osm0

1 1 01 . . I fl . I · 1·.-11 t i ' 11·,,1hcr t HIil Li sure ol the aqueous 1111 raocu ar 111t 1s s '" 1 ) .. 
of norm:il tears, measurin~ ahoul J05 mOsm. f •c-

tn •1ctuali1v the cxccrual eve is much more colcrant O LOIII 
' · • I •1\lv c:111 itv variatio ns than was :n o ne time ,;11gl!.es1cd ant usu, · 11 . . - J K pc rccr 

tolerate solutions cquivalc m to a range o l O.:, l O :' . ,·ry 
s<><lium c hloride. ( :ivcn a choice, one will lilld thar rsotomc•1 • 1-l • so 11-
is dcsirahlc :1110 is particularly important in _inlra'.>Ctl ' 1 x.luct 
lions."• llnwcvcr, in certain cases a 11onisoton1c wp1cal pr< _ 

j. 1 (kcr·1tocOll 
I" desirnhlc Tc:ir !luid in some cases o try eye ' 1 " • • • . I • ( )()(()1 -

J'unccivitis sicca ) is rcponcd to he h ypc rtmuc, anu •1 1Yl .. 
. 1 I · . cond111on . 

ie ;1rtifieial-tcar product ,s usct to counteract I 1'.s rneal 
llv1lCrtonic ophthalmic products arc used to relieve co 1 • . . . ? ~ 1)c rccn 
edema, anti solutions and 01111111cms con rn1n1111!. - or · 
sotl'rum c hloride arc available for t his use. I . · · s 1·t~ 

The conicity of ophthalmic (and parenteral) solutrn •~·.
1 

•·e 
I • 1· • · · · · I c ,,c·1rs I JCS hccn the S U )JCCL O 111tc ns1vc 11wcst1gat1nn overt I . • ._. f. 

sllldics have resulted in the accumulalion :ind puhlicuuoi~ 0
1 
.'

1 

• I ,sciu 111 large nu111hc r ot so<lium chloride equivalents I tat arc l 
I 

r _ 
calc ul:rtinjl tonicity values. 8cc Chapter .) I for a thoroug 1

1 
t .

1
~ 

cussion of the measureme nt and c alc ulation of wnicitY v:r ucs. 

VISCOSITY 
. . ·, vi:--· 

Ophthalmic solu tion and s uspension cycdrops may cont,111 .• 
. · 1 I . ic rc:rsc cosily-imp:1ni11g polymers IO th1ckc11 Ll1c tear fr Ill a11t 11 • ) 

corneal contact time ( i.e., reduce the rate of tc:ir lluid dr:1111,"f~l'. 
For suspensions, the inc reased viscosity also rc rnrds rl_1c ' ·os 
cling of particles between uses and at the same time 111:~rnc:1\;, 
the ir suspe nsion for uniform dosiJJg. 1 lowcvcr, added v,sco~i 

11 
may impede initial resuspension, p,lnicularly in a s us1)C11t;\ 
1hm has a tendency to cake during storage. The h ydr<>P 1;

1
1

• 

polymers most often ui-;cd for these purposes arc n1cthylc~ -~ 
lose h vdroX)' l)fOJ))'l mcthylccllulosc h)rdroxvcthyl ccllll os.' • . . ' . . •co~1· 
and polyvinyl alcohol-at conccmrations that produce vrs · .-:: 
tics in the range of aho ul 5 to I 00 Centi poise. These po lt~~ j. 
also thc111sclvcs appear as the active ing redients in aruh0

'.'
1 

. f . I I . c•111011 1c·1r solutions lor drv eve thcra1w hccausc o the ir u in • 
' · · · · d' .. 1v•1n· and 1110istud;r,i11g. Viscosity a~c nls can have scvcr:11 rS,ll ' 10 

tagcs, in that they sometimes produce blurring of vision ;.u .11 
can leave a residue on the eyelids. These e ffec ts arc 111ost .<'. t\_ 
seen at the higher e nd of the viscosity r:1 11gc. The added v,sc~-11 
ity can make f1lcnnion more difficult , paniculnrly for chc s111

•
1 

porc-si;r,c tilters used ro sterilize solutions. . . , solu· 
Newe r ophthalmic dosage forms, s uch as gcl-lorm rng_,_. s· 

I . 1· I I . I I . . .. ,scd v,sco. tions am se1111so tl aqueous gc s w111 l 1c1r 111c r~, · .. 1 .litY 
ity and gel clasticiLy, signif1ca11tly improve uru.l!. b10:1varl,1 

H • , 
. [. \V" I I I I • frct1uci1C) and duration o l c lcct. 1t 1 c 1csc at vanccs, t JC ·d . . , • . )rove . 

of dosing can he reduced and paucnt comph:incc 11111 11,; 

I • sysLCI . 
These newer dosa,l!.c forms incorporate novel po ynicr_ · ·,ffcct , 
with special rheologic al properties to e nhance their c . _

0 11
_ 

Their complex rheology :md imricatc dependence 0 1~ e nvn 10• 
f l •rile mar mcnl, however, inc rease chc complexity o t 1c s ic 

fact.uring process. 

ADDITIVES 
. . . • lhann:i-

Most ophthalmic dosa,l!.c forms contarn add,uvcs o r r f the 
ccurical cxcipicnts as inactive ingredie nts. Ucc 111_1sc ,

0 
Iv ill 

need for tissue compatibility in ophthalmics, p:iru_cul,'.\.1ps 
imrnoc ula r products, however, tin: use of :iddit ivcs rs pci ' 
less common. 

1 
.1•. vc· 

The most common inactive in/.\rcdicllt is 1.hc proc uc s ·c· ' 
USP is us u , 

hiclc. For wpical dosage forms. l'urilicd Water • .' f 1,1-
. · W·1te1 or 

llccausc of the rcquirc111cnt for 11011pyrogcn1c1ty, · . ·r·il oil 
\vi ·1 'I !11ll1C ' jcction U8P is used for imraoculor p roducts. 11 c: 

1 
haln1ic 

and petrolatum combination is lhc vehicle used for op 11 

- ------~ 
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oinuncnrs, nonaqucous liquids arc rnrcly used in topical eye
drops because of their potelltial for ocular irrirntion and poor 
patient w lerancc. Some mincrnl a11d ve~ctablc oils have served 
as vehic les for very moisture-sensitive or poorly wmcr-solublc 
drug.,;_ Use of the purest ~radc of oil , such as ch:u used for par
cmcral produces, is a requirement. 

!l·lultiple-dosc topical ophthalmic products commonly con
t:iin microhiolo~ic:11 prcscrvarivcs. which will he discussed in 
a Inter section. Other commonly used additives in topical eye 
Products arc inj\rcdicnts to adjust pll and conicity, and Lo huf
fcr pl I, in addition ro the viscosity agents previously discussed. 
ln~rcdicnts w adjust pll a11d wnicity and ro buffer pl l arc es
sc111ially the same m; those used i11 parcmcral products. Less 
con~monly used additives nrc amioxida11ts, such as sodium bi
sultiw, ascorhic :tcid. and accrylcvsteinc. 

. Topical eye producrs somctim~~ incorporacc :surfacrnncs to 
disperse insoluble in~rcdicn1s or w aid in solubilization. For
mulators use them in 1hc smallest concentration possible co 
achieve! the desired funcrion, hccausc rhcy can he irrirncing to 
sensitive ocular tissues. Nonionic surfactnnts arc prcforahlc, he
cause chcy .ire ~cncrnlly less irritmin~ than ionic surfacwncs. 
Polysorb:1Lc 80 is 1hc surfact:mt us<!d to prepare an ophthalmic 
<!_muls ion. l'olyoxyl -10 stcaracc :111d polyethylene glycol func
tion_ to soluhilizc a dni~ in an anhydrous oimmcnc so chm it can 
he hlter-sccrilizcd. 1-'onnulators o ft en add surfactants to stabi
lize more hydrophobic drugs, for example, preventing loss co 
adsorption on the container walls. For cx:unple, the nonionic 
surfactant like polyoxyl .HJ hydro~cnatcd castor oil (HCO--10) 
st:ihilizes trnvoprosL, a prostagla11din dcrivacivc.~7 Similarly, 
Crcmophorc EL stabilizes diclofcnac in the Voltarc11 formul:i
tion markct<!d hy No\'artis. 

The (?l)J\ has published a list of 1111 inactive ingredients u~cd in 
approved drug products on its ln1crnct website ar www.fd11.gov/ 
cdcr. The list includes dosage forms and concentration ran~es. 

PACKAGING 

Currently, nln,os1 all commercially avail:1hlc ophclrnlmic prod
ucts arc paclrn.~cd in plastic comaincrs. Obvious 11clvnnr:iges
casc of use, liulc hrcaka~c. less spilla1-,se--have led to universal 
acceptance of these plastic packaging compoJ1cnts, consisting o f 
bottle, litmcm, and c losure. /\Icon wns the first company LO in· 
troduce these pacl<:t~ing componc111s, idemiticd as II l)ropTaincr 
for ophthalmic produces, in rhc lace I 9-I0s and then s:1w 1hem 
adopted by the indus1ry as the s1:1mlard for paclrnj\ing topical 
0 PhLhalmic products. These hocclcs arc gcncmlly of low-dcu~icy 
r>olycthylcnc, either wichom nnv coloranls or wi1h opacifying 
a~cncs or other colorants for ligl;L protection. Polypropylene or 
high.density polyethylene resins arc also used co meet specific 
Product rcquircmcms. The fitments determine drop size of the 
Product and may contain additional fcamrcs LO prevent strcam
nig of Produce at the time of use. Caps or closures arc iiencrally 
n,auc from r>olypropylcnc and basically seal che container to 

pr~~cnt contaminmi~n o r leakage of the produce. 
, 1 he FDA and oilier health authorities arc :ilso concerned 
i~><>ut leachablc impurities extracted either from chc packag-
~ components themselves or even occasionally from the label 

a~lhcsivcs or ink used in printing the labels. Normally, as a part 
0 

a stabiliry program acwal pack;1~e-formulntion comp:llihility 
~tlldics arc required, including monitorin~ any cxtr:tciables that 
come OL t · I · · · I I 1· ·,g 1 111 I 1c produce as a lunct1011 ol t 1c l uraiion o stor-
~/-. Bclcc1ion of compacihlc packaging 111:ucrial has become a 
thitical issue for newer drug products, especially those in which 
di~ _c\~lc_cn_tration of active is extremely low, like prostaglan
tiv:'. csc1:1hcd c.trlicr. The prosraj\lnndin trnvoprost, the ac
Pa 1

1
_11~rcdicn1 in Travacan, required recnginccring of the total 

c i,1111n,1 st·1 ·t· i • I I . ( 
to stab·1,:,• • ' 1 mg wit 1 t 1c resin syndiol'actic polypropylene) 
lain , 

1 
izc the drug, as well as altering size and shape to main-

squccz·,hTt, f h 1... • , 
he Kt·,I ( ·

1
· 1 1 ) 0 t c '">ttle.511 1 ravoprost was found not to 

' • ) e w 1cn sr l •d · I I · the , ' < re 111 ow-, ensuy polyethylene concaincrs 
Coinpound I · "1 ' )cm., os1 I<> adsorption 01110 and into surfaces, 
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even at room temperature. Consequcncly, chemical assay of 
marketed produce must be conducted in a rnanner that does 
not deplete the concc11trarion. ' 

Specialized conrniners, like rhosc developed by Merck for ihcir 
rimolol/pilocarpine combinarion produce, maintain two solutions 
in d ifferent chambers, .idjusted separately co provide opcim:il 
chemical siahilicy. J\1 the lime of dispcnsinl,\ the product, frnc
tions of both solucio11s are combined and rcconslicutcd by the 
pharm:1cist. For example, the tinal cimolol/pilocarpinc produce, 
once reconstituted, would be at ;1 nearly physiological pll , would 
provide pilocarpinc as srablc for one month at room tcmpera
curc, and will be found comfortahle ro paricncs. Alcon also has 
developed a propricrary packages? chat can keep unst:thle or rc
accivc components separate during st0rnge, and thm permits the 
pharmacist, at the time of dispensin,I\ co the patient, to n1pcure 
a di:lphragm, allowin~ rhc dbp:trnte fr:1ctions to be mixed. After 
111ixing, the product is expected to remain srnblc for a 111011th at 
room tc111pcr:11urc. This container is dcsi~ncd to handle either 
liquid/liquid two-part or solid/liquid cwo-part componcms. 

Pharmacists also should he aware of unit-dose products cur
rently aw1ilahlc in form-fill-seal conrnincrs tlrnt arc preservative 
free. These products are disc:irdcd afccr single use. These prod
uces :ire mosr suited for patients who are sensitive or allergic to 
common prcscrvmh-es and require chronic administration of ;i 
produc1. Specialized manufacwring ccchnolo~y involves mch
ing ;1 plastic resin to form the conwincr walls, tilling with the 
dru~ solution ( usu:,lly 0.2 co 0.8 mL), :111d then scaling to main
tain sccrilitv. At the time of use the tip is broken off, the solu
tion is dosed, and then the paclrn~c is discarded. For rcchnic:tl 
reasons relMinj\ co manufacturing and tilling c11puhilities, as well 
as for the need to minimize evaporation race, these containers 
contain an excess vol11111c of the product. The disadvanrnge is 
that patients nrny desire 10 use the eucirc volume and risk ~s
ing an accidenwlly commnirwced product. Heccmly, some umc
dose containers h:,ve been modified co allow the product co he 
recapped after use. TlH~sc co11t:1iners arc designed and labeled 
to be discarded after n single day's use ( 12 hours) in order to 
reduce the risk of sil!niticanc conrnmination, yet make them 
mo re econornic:11 for the patient. 

In only a very few inswnccs nrc glass conraincrs Still in use, 
usually because of srnhilicy limitations. Large-volume incraocu-
1:11' solutions of 250 and 500 mL have hccn p:,ckuged in glass, 
but even these parenteral-type products are hcginnin.ll to be 
p11cka~cd in specially fabricated polycthylenc/polypropylenc 
containers or flexible ha,lls. 'J'Ypc I glass vials with :1ppropria1c 
stoppers arc used for intraocular ophthalmic produces admin
istered hy injccrion. These paelrn~in~ components should meet 
the same requirements as parenteral products. Products in
jected intraocularly also are required to meet emlotoxin limits. 
Readers should refer to Clwptcr 4 L Parenteral Preparations, 
and Ch:,prer -12, Pharmaceutical Compoundinll - USP <797> 
Sterile Prcperacions for more details. 

Plastic packaj\in~, usually low-density polyethylene, is by no 
means interchangeable with lllass, however. Pla~tic packa~ing is 
pcrmcahlc tO a variety of substances, including light and air. The 
plascic package may contain a variety of extraneous substances 
such .ts mold-release agents, antioxidants, reaction quenchers, 
and the like, which may leach out of the plastic and into the 
contained solution. L:thcl glues, inks, and dyes also may pen
etrate polyethylene. Conversely, confined volatile or lipophilic 
mmcrials may pcrmc:Hc from solution into or through plastic 
walls. 8tcrilization, depending on the method, may influence 
the resin properties; for example. gamma irradiation mav in
crease ncid cxtracrnhles or gcncrnte sites that may dcgrad~ cer
tain drngs. For these products EtO gas stcrilizmion may he the 
only rcmainin~ opcion. llowevcr, gas sterilization also may de
grade active molecules or leave harmful residuals, and certainly 
requires aeration under forced air to remove the traces of the 
gas and volatile residues. Whatever process is sclccled will need 
to be validated a11d moni tored, assurin.ll the process neilhcr dc
)trades the active ingredient nor ~cncrntcs toxic residues. 

Teaching 
away?
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Table 43-1. Ophthalmic Cap Color Coding 

Color Pharmaceutical Class 

Yellow or blue 
Gray 

Pink 

Brown or tan 

Orange 

Turquoise 

Red 

Green 

~-blockers 
Nonsteroids 

Steroids 
Anti-infectives 

Carbonic anhydrase Inhibitors 

Prostaglandins 
Mydriatics 

Miotics 

PatienL-; mny he 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. llistorically, 
red c~lps have been used for mydriatic drops and Areen caps 
for miotic drops, such as pilocarpinc. The l•'D;\ now requires 
the use of certain colored caps on several additional types of 
ophthalmic drugi; as a result of a eoopcrntivc effort be tween 
the FDA, the ophtlrnlmic industry, 11nd the Academy of Oph
thalmology. The intent is to hdp paticncs prevent medication 
errors and improve p11ticnt compliance. The pharmacist s hould 
counsel the patient or caregiver about the purpose of the cap 
color coding and the importance of open ing only one containe r 
at a time so that the cap is replaced on tht: correct container. A 
listing of the c urre nt coding is provided in Table 43-1. 

Glass containers (usin~ type I glass) remain a conven ient 
package mmerial for extemporaneous preparation of ophthal
mic solutions. Type I glass should be used. The container, well 
rinsed with sterile distilled water, can also he sterilized by auto
claving. Presterilized droppers no rmally are available, prcstcril
ized and paclrnged in a convenient blister pack. 

Invariably, paclrnging of ophthalmic ointments consists of 
metal tubes with an ophthalmic tip. Autoclaving with either 
heat or 1!:tO can convenie ntly sterilize such tubes. ln rare cases 
of metal reactivity or incompatibility, it may be necessary to 
package ointments in cubes li.ncd with epoxy or vinyl plastic. 

Regardless of the form of packaging, consume1· protection re
quires that some typo of camper-evident feature be included. 
The common tamper-evident feature used on most ophthalmic 
pre parations is the moisture- or heat-sensitive s hrink baud. 
Some form of identification on the band should be present, so 
that its disruption or absence constitutes a warn ing that tam
pering, e ither accidental or purposeful, has occurred. 

The eyecup, an ancillary p:lck:iging device, fortunately seems 
to have gone the way of the community drinking cup. Use of 
an cyecup will inevitably spread o r aggravate eye infections. 
Pharmacists should discourage their use, just as they s hould 
mice the t ime to instruct pariEmts in the proper use and care of 
eye medications. While ophthalmic administration may seem 
simple enough, it can be a foreign and difficult task for many 
people. The suggestions and precautions given earlier ( unde r 
Types of Ophthalmic Oosage Forms) may he useful in instruct
ing patients. 

ANTIMICROBIAL PRESERVATIVEsso 

A preservative is a substance or mixture of substances added to 
a product formulation to prevent the growth o f, o r to destroy, 
microorganisms introduced ,lccidentally once the cunwincr is 
opened for usc.<,l/,2 Addition of the preservative is not intended 
to he a means of preparing a sterile solu tion, for which other 
appropriate techniques exist (discussed e lsewhere). 

Preservatives are used for topical ophrhalmic products pack
aged in mulriple-dose containers unless the_ fo'.mulat ion itself is 
self-preserving, as is the c,lsc with some ant1~ucrol~1a l p~<>duct~, 
like rhe ophtlrnlmic solution Vigamox (mox1tloxac111). l'. DA re~-

] · (21 Cl•' I' ?()I) 'i()) -1llow 11111m:scrvcd ophthalmic liquid u anons , ~ ., • • 

products to he packaged in multiple-dose l!011tni11ers only if rl~e~ 
I I d I I I 1·1· I · ·1dequ,1te arc pac,agct an a iced in a manne r tliac a orts' . ,) 
. I . . . 1 l d I . . 1· 11 ·1cclllcnr,1 protection ant 1111n1m1zcs r 1c iazar s rcsu 1111).; rOJ ' · d 

1 
, 

contamination during pacicnt use. This c1111 he accompli~lH: . ? 
using a rcclosahlc <.:onrninc r with a mininn11n numbe r ol doscJ 
which is to b<.: discarded after 12 hours from inicia l opening an 
whic h should be h1bclcd ,1pprnpriatclv. . , • 

1 Solmions intended for inLraouula;· us<.: s hould not cont,lll 
· b 1· I · · ) !·1rn·1•1c ro prescrvMuves ceausc o t 1c risk ol irritation :in( t, •,-. . 

these delicate tissues. Medicines imcnd<.:d for chronic L'.>P:: 
I I. . . . I I . ·crv·111vcs ca app 1c;111011s 111 pa t1c11rs w io c annot w c rntc pres ' 

1 s hould also he free of prcs<.:rvacivcs. Unit-dose o phrh,ilniic sol'.: 
tions arc c:;pcci:illy useful for paricnts with scnsitivitv tO 

1
Pr~. 

. I I I . su<.: 1 ,1s scrvat1vcs w 1lJ nevert 1c css re quire dailv 111cdic,1rwn, . 
1 I . . 1· . I I . I . ,plio,11101 g aucorna pancnts or 111t IVK ua s requiring c ironic a1, d 

of palli.ttivcs for dry eye. Oplnhahnic solutions prepa red! HII t 
packaged for a single application ( i.e. a unit dose) nect no 
contain a prcsc rvmivc, because thcv ;1r~ not imc mlcd for re use. 

The n~cd for prop~r eo1nrol of <;phthalmic solutions t~> ~~;~~ 
venc :::cnous C011t:l111111:111on was recognized in rhc I <)J0s. . . 
firsc prcscrvmivc rccorn111c 11dcd for use in opl11iwlmies w,is 
chlorohutanol, :1s an alLcrnativc to daily boiling. l'ffi· 

The selection of an ophthalmic prcscrvmivc can be t 1
11 l · · . • f · rit:t) e cu t 111 part because o t the rclanvclv s mall number o st . _ 

candid.ices. There is, of cour~c no ~uch th in.(: as an ideal pie 
servativc; however, Lhc followi1~g cri,ccria may he useful iii pre· 
serv:nivc scleclion. 

I . The ai,;cnt should have a broad spccLnnn being active 
against Uram-positive and Cram-ncgariv~ organisnis as 

1 well as fungi . The agent should cx<:n a rnpid l,:ictcrieida 
act ivity, particuk1rly against known virulent org:rnislllS 
such as />s. aeru,!!inosu. strains. . 

2. The agent should he stable over a wide rnngc of conc!J
tions, including autoclaving tcn1pcrnturcs :111d pl I n in,;c. 

3. Other components of the p reparation as well paclwgc 
systems should he compatible with chc agenr. . . _ 

4. The prcservn1ivc should cause nciclwr wx icity 11or irrtt,I 
tion, within a rcmmnahlc margin 11f safety. 

rl 
. O nly ch rough cvnh'.ming prcsc rva~ivc s uhst:1nccs can. a~ a_i~~111 

ot the total ophthalm1e pruparauon 111 th<.: 1)1'◊JlOscd pad(,i~c .·,, . . . c ·~k producers cstahl1s l1 rhe adequacy ol the prescrvauvc. r'. . .-;ii 
for preservative cffcctivc11css in ophthalmic produces arc ofJi~r 

11 
compendia! rcq11iremcncs in the W:. /'h1m11acopei11, 8ur<>/J~~r
Phu.rm11cop11cia, and the ./c111w1.ese Pharn111copoe ia. J lc,il_ch '~f
thoricics expect that products will meet these prescrvau~c tic 

I I II. 1· CS Ill [ fcccivencss c riteria t 1roug 1oul their approved she - 1v · , ,~1 
tinal packaging, and m Lhc r<.:cornmendcd storage condirioll~--rc 

1 Id. · · 1·1· · 1· t, 1nc:is1.1 1 
n at 1tron tu n s c cc11vc ness as an in1111cl w c , or 

formulawrs must also ascertain a prc:--crv:icivc's ndcqur;c). IJV 
srnhility as a function of time. They often accon1plish .; 11

\ ~

mcasuiin•' both c hc mi <.:a l stabili ty :ind 1ircs<.:rvat:ivc c t cell . 
,., . dit1Clll~-

IICSS over a given puriod of time anti umlcr varyi ll/,t con he 
. 1· hie co r Many of these rest procedures arc nor tow lly app ica . c l• 

. I • 1 I 11 su preparation of an cxccmpor:ineous ophth,ilmic so u11°1 · 
1 1

,0 11 . · I I · I I · · h·1~ct 11 
a s1tuat1on t 1c p 1armac1s t must ma <c sc cctwns '· ···tics, 
I I. · d I · I I I · I h·1r·icccn~ \ll0Wn COl1l lll()nS an p 1ys1ca Hill C 1cn11ca C ' ' .. ·oJlS-

. I I I I · · 1 1 · · ·c11'11 •1t 1 
gu11 cd Jy t 1osc usct 111 commerc ial opht HI 1111c P1 ' . , 0111y 
In these c ircumscanccs iL would he prudent w prcp:IIC 
minimum volumes for s hort-tcnn patie nt use. se iS 

The choice of prcs<.:rvmivcs suitable for opiltlwhniC ~I~ for 
,. . . ·1 ' l' I I · d · •1v•11iah .,urpns111g y narrow. w e asses ot compoun s ' ' . .. tc•iorY 
such use arc described in Table 4:\-2.<•1 In each c:1sc OJ c,i ~ 
there arc specific limitations and shortcomings. 

QUATERNARY AMMONIUM COMPOUNDS >-
• •1111111< 

llenzalkonium chlo ride (IJAC) is a typical quat·cnu11 Y ' . ,d in 
. . ·vc use r mum compound and is che 111osL common 11rcscrv:it1 

11 o 
. . - c rcc1 · opluhalm1c p rcpar:1t1ons, being prese nt in over 6:-> P . 

13
,,c: is 

co111me rc i:il oph thalmic producrn. Note the scruccure 01 
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Table 43-2. Ophthalmic Preservatives63 

Type Typical Structure Concentration Range Incompatibilities 

Quaternary ammonium 
compounds 

Organic mercurials 
(thimerosal example) 

Parahydroxy benzoates 
(methyl ester example) 

Chlorobutanol 

Aromatic alcohols 

OH 

CH3 

I 
CH -C-CCl3 

3 I 
OH 

a s li~ht departure from the gcnentl one provided in Table 43-2 
m Which there arc ch rec small alkyl ch:iins on one longer alkyl 
chain (the R's). For BAC one of the IU 's is a bcnzyl group. De
spite its widcsprc11d use, the compound has definite limitations. 
As a cationic surface-active material of high molecular weight, 
it _i s not compariblc with anionic compounds. It is incompatible 
With salicylatcs and nitrates, and may be inactivated by high
niolccular-wcigh c nonionic compounds. Conversely, 13/\C has 
cxccllcnt chemical stability :md very good nntimicrobial ch;ir
ac~cris tics. Given the alte rnatives, it is often better co modify 
a lonnulation ro e limi1rnte the incompatibility than to include 
a compatible hue less effective prescrv;1tive. The presence of a 
surfactant, for cxami11e mav require higher levels of llAC to 
ncl · ' · 
' 

1_1cvc an adequate level of preservation. 
1 he literature on BAC is somewhat mixed; however, this is 

~o he expected given the wide variation in test methods and, 
1ndecd, the chemical variabil ity of BAC itself. The official sub
Mance is defined as a mixwn; of alkyl bcnzyldimcthylammo-
111u111 chlorides, including all or some of the group ranging from 
>t-C~ll 17 through n-C 1c 11 ... The n-C1, ll,; homologue content is 
at [ , . ' ·'·' - -·. cast 40 percent on an nnhydrons basis. 

Rcvicws<>1 of llAC indicate chat it is well suited for use as 
;'11 Ophthalmic preservative. Certain early negative reports 
slave been shown LO be erroneous; in some cases adverse tis-
' lie rcac · ·1 I 13/\C I · · diff , , t1ons were attn rntct to w 1cn, 111 lact, a totally 
llA; r~'.1t compound was used HS the rest material. Although 

C .' 18_ the most common quaternary preservative others oc-
as10 • II . . · . ' Py . nd Y menuoncd mclude hcnzcthomum chloride and cctyl 

rid1n1un1 chloride. J\11 are oflicial compounds. More recently, 

0.004--0.02 %, om% most 
common 

0.001-0.01 % 

Maximum 0.1 % 

0.5% 

0.5-0.9 % 

Soaps Anionic materials 
Salicylates Nitrates 

Certain halides with 
phenylmercuric salts 

Adsorption by 
macromolecules; marginal 
activity 

Stability is pH-dependent; 
activity concentration is near 
solubility 

Low solubility in water; 
marginal activity 

quaternary ammonium functionality has been attached to solu
ble, rcasom1bly high-molecular-weight polymers. These agents 
possess good mltimicrobial effectiveness with fewer compatibil
ity problems than the official qu11tcrnary preservatives. 

Search for milder, safe r, gentle r preservatives for ophthalmic 
products, specifically a rtific ial-tear and chronic-use products, 
has been a clrnllcngc for many companies. As a result of this 
research, some commercial products now incorporate these 
improved agents as prcscrvmives. Alcon has introduced many 
lens ciirc and ophthalmic products preserved with polyquater
nium-1 (polyquad), a newer preservative of the same class as 
IlAC but with less cytotoxicity. llitorc effective than BAC, these 
Hgents also are effective at a lower concentration . Their concen
tration in the product can range from 0.005 percent to 0.0005 
percent and yet still meet compendia! preservative efficacy re
quirements. Polyquad has been used widely in nrnny lens care 
and artificial-tear produces. 

OXIDIZING AGENTS 

Systems based on either sodium pcrborate or a stabilized oxy
chloro complex arc being used as preservatives based on their 
ability to generate a mild oxidative and cytotoxic effect in aque
ous media. Sodium perboratc produces hydrogen peroxide as 
the oxidative species, and the stabilized oxychloro complex is 
a mixture of oxychloro species but primarily comprises chlo
ricc and a crace of chlorine dioxide. Once in the eye, the active 
agents in eith()r system are spontaneously reduced to harmless 
by-produces and have been marketed as so-called disappearing 
preservatives in OTC produces for dry eye er-eminent. 

Eyenovia Exhibit 1046, Page 19 of 25



924 PHARMACEUTICAL DOSAGE FORMS: MANUFACTURING AND COMPOUNDING 

ORGANIC MERCURIALS 
le is generally is stated that phenylmercuric nitrate or phenyl
mercuric acetate, in 0.002 percent concentration, should re
place BAC as a preservative for salicylates and nitrates, and in 
solutions of salts of physoscigmine and epinephrine that con
tain 0.1 percent sodium sulfite. The preferred range of concen
trations employed is 0.002 to 0.004 pe rcent. 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 
plI. As with other mercurials, it is s low in its bac te ricidal action 
and it also produces stJnsitization rtJactions. Phenylmercuric 
ion is incompatible witl1 halides, for it forms prtJCipitates. 

'Phe effectiveness of phenyhnercuric nitrate against Ps. ae-ru
ginosa is questionable; researchers have fou nd that pseudomo
nads survive afte r exposure to a concentration of 0.004 pc rctJnt 
for longer than a week. 

Development of iatrogenic mercury deposits in the crystal
line lens has occurred, resulting from use of mio tic eyedrops 
containing 0.004 percent phenylmercuric nitrate, three timtJs 
daily, for periods of 3 to 6 years. Although there was no impllir
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
c robial preservative in concentrations of 0.005 to 0.02 percent. 
Its action, as with other mercurials, has been reportedly slow. 

PARAHYDROXYBENZOIC ACID ESTERS 
Mixtures of methylparaben and propylparaben are somctimtJs 
used, as antimicrobial preservatives, mostly in ophthalmic 
ointments; the preferred maximum concentration of me thyl
paraben is in the range of 0 .1 percent, its NOEL, while that of 
propylparabcn approaches its solubility iJ1 water (> 0.04 per
cent). They are not considered dfic ient bacteriostatic agents 
and are s low in their antimicrobial action. Ocular irritation 
and s tinging have been attributed to the ir use in ophthalmic 
preparations. 

SUBSTITUTED ALCOHOLS AND PHENOLS 
Chlorobutanol is reportedly e ffective against both Grnm-pos
itivc ,u1d Gram-negative organisms, including Ps. aeruginosa 
and some fungi. It is broadly eompatihle with other ingredi
ents, and manufacturers normally choose a concentration of 
0.5 percent. One of the products of hydrolysis is hydrochloric 
a?id, which causes a decrease in the pll of aqueous solutions. 
1 his decomposition occurs rapidly at high temperatures and 
slowly at room temperature, in unbuffered solutions that were 
originally ntlutral or alkaline. Therefore, ophthalmic solutions 
that contain chlorobutanol should be buffered between pll 5.0 
and 5.5, and gentJraUy packagtJd in glass containers. At room 
temperature it dissolves slowly in water, and a lthough heat dis
solves 1t more rapidly, loss by vaporization and decomposition 
1s accelerated. 

A comb!nation of chlorobutanol and phenylethyl alcohol (0.5 
p~rcent of_ each) has been reported to bt: more effective against 
Ps. aerug·mosa, 8£aphylococcus aureus, and Proteus •1.ml6aris 
than eithe1.' antimicrobial singly. In addition, dissolving ~ hlo
ro_butanol m phenylethyl alcohol before dissolut ion in warnr 
ehmmates the need to heat the solution. 

OTCPRODUCTSFORDRYEYE 

Ory eye is a condition that can be e ithe r an annoying irritation 
in its mild form or a painful and destructive pathology in its 
severe form, damaging the cornei1I surface and interfering witl1 
vision. Possible causes of dry eye include decreased tear pro
duction, increased tear evaporation rate, or an abnormality of 
the rear film chat decreases its natural capacity to protect and 
lubricate rhc epithelial tissues. It is one of the most common 

complaints of patients seeking crcmrncnt from their eye-care 
doctor. This condition is somtJwliat unique in that it is largely 
tl:eated \~ith OTC monograph drug products, and the pharnJ/1~ 
c1s t is often asked to assist in its selection.<>; These products 
a re variously known as artificia l tears, ocular lubricants, demul· 
cents, o r emollients, and are available as solutions, gels, or oint· 
mencs. Also unique is that these dry eye products arc often tL~e 
essential viscous-vehicle component of therapeutic ophthalnuc_ 
products. 8tJveral reference books inc lude the composit ions 

01 

the various commercial dry eye prodticts.·'-l)•I 
OTC dry eye products contain water-soluble polymers iis iic· 

tive ingredients that protect and lubricate ihe mucous 111e111briine 
surfaces of the conjunctiva and cornea, providing tcmpora~ 
relief of the symptoms of dryness and irritation. The polyme~
t~1ickcn the_ tca_r film and decr_easc the ra te of tear l~ss in, ndd.;j 
tJon to luhneatmg and protectmg the tissues. Mucin 1s a n,icur, 
lubricating component of tears, and thus, d ry eye products_are 
expected to prov!de a mucomilllctic e ffect. The active-ingredt~~~ 
demulcent (luhncant) polymers in these products, along WI 
their permitted concentrations and labeling, arc dcfoiecl in '

111 

OTC monograph issued by the J•'OA.'"'' The monograph does not 
specify viscosity grades, anti therefore, a wide range of prod~ct 
viscosities is available. ThtJ mor·c viscous products cru1 provide 
lon~er durarion of relief; however, they are abo more likelr, to 
blur vision and leave a residue of polymer on the eyelids. l_he 
oyc products vary in their choice of polymer or comhi1~iit'.0~ 

ot polymers, concentrations, and viscosity. The majority ol O ~ 
dry eye products contain one o r more of the following pennit.· 
tcd polymers: ccllulosies such as hydroxypropyl mcthylcelJul~S~ 
(hypromellosc) or carboxymcthylcellulosc sodium; polyol liquid: 
such as glycerin, polyethylcntJ glycol or polysorlnue 80; polyv~
nyl alcohol; o r povidone. Dcxtran 70 ~an be ·used only in cornlw 
nation with anothe1· pe rmi tted demulcent polymer. . 

The inactive components of OTC dry eye products are sim1!a; 
co those used in therapeutic ophthalmic produc ts and requtr 
equally careful selection, keeping in mind that chc 111onogr11P

11 

products are labeled for use as often as needed and thus 111uS
t 

be nonirritating and physiologically compatible. In the 111oder· 
ate to severe forms of dry eye, the product may be dosed ~s 
often as every hour, and in the tlspccially severe cases, :is ofrt:ll 
as every 15 minutes. The preferred vehicle is aqueous for '.·e· 
plenishing natural tc;i rs and dissolving chc active and in:1ct~V~ 
ingredicnL~. The vehi~le is usually adjusted to he isoton'.c w:;1) 
sodmm chlondc, and 111 sOmtJ cases mhcr sales are used .is " 

· · · 6 1· 1 I "01ne as non1on1c m,.,rcc 1cnts, sue 1 ns dextrose and mannito · "' re 
cases of dry '-lye have been reported to productl ccars that a. 
hypertonic, and several products feat11re 11 s lightly hypoto

111i° 
formula to restore the naturnl tear osmotic prc~sur~. The prol · 
ucts generally are adjusted or buffe red to provide a pll of about 
7 .4,'. but rarely out~ide of_ the range of about 7 .0 to 8.0 . . 

11
1. 

Storage of solutions ol some polymers, notnbly polyv1'.1Y
1 
ro· 

coho!, can lead tO a more acidic pH. The prnservanvc cI,lo 
butanol also produces an acidic pl I as it degrades in so(uuo~~ 
The bicarbonaw included in some producL~ is a more ph)'Sd 
ologically compatible buffe r that requires a hcrmetic:1ilY seal\ 
secondary package for stability. Some products inc lude bot 1 
monovalent and divalent chlo;ide salts in thei r vehicles ill 

1
'.
1 

attempt to mimic the electrolyte composition of natural ieM
5
·d 

'l' h · · f I · ·ve an c ma.1onty o cry eye products contain a prescrvatl . ,s. 
are. packa~ed in_ multiple-dose plastic ophthalmic con_winer~
As 111 the1apeuuc products, 13AC is the most widely used ~ -t, 
servative. Newer preservatives havinA improved compHtib

111
.: 

with ocular tissues, such as Polyquad, are increas ingly in us~ 
as well as the "disappearing" prtlscrvativcs sodium perbor~th 
and Purite. Sodium perborate forms hydro<1en pe roxide, whiCd 
e-i be · ·· · · . h O 1011 nn 

< l1 11'11wu_ng Ill t e eye but quickly degrades t0 oxyg , , tO 
water. Punte 1s a stabilized oxychloro complex chat degrades 11 
' 1· 11 · I (en!f sot mm e 1 on e c and water when expostJd co Jong-wave 
ultravio le t light. . 

Preservmive-frce products are also available and are gi:u;; 
ing popularity, parcicularly for patients with chronic drY e 

1 
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conditions and those who arc sensitive co prescivatives. These 
products arc pack;igcd in form-filbeal unit-dose conrnine rs, hut 
manufac curin~ considcracions dicrntc that chcy conrnin enough 
produce for scvcrnl doses while bearing 1:ihcls indic:tcing that 
they arc to he discarded after II s ingle dose. This problem has led 
to the introduction of a modified package with a rcclosahle cap 
allowin~ its 11-;c as a small-,·olumc multiple-dose comaincr for 
Prc::.crv;1tivc-frcc produces when for safety rc:1sons they arc la
beled Lo he discarded no longer than 12 hours after first opening. 

'l'hc large majr>rity o f dry eye products arc solution dosage 
forms adminisrcrcd as eycdrops, hut ~cl-like and ointment dos
age forms arc also avail:thlc. People who suffer with dry eye 
or who have a defect in lid closing chat causes increased tear 
cvnpormion hcnctic from the these oin11ncnts, which consist 
Primarily of a mixture of pe trolatum aml mineral o il time im
Pans c11101licnt propt:rties. Lanolin is sometimes added lO the 
hasc to p rovide i-ornc wmcr mlscihi licy. The ratio of oils c;1n he 
vari~d for consistency and mchim,\ temperature. Patients pri
manly use the oimme ncs ns a nigh t-time 111cdicMion, because 
thcy usually cause a blurring of vision . Severn! products hearing 
labels identifying them as gels or liquid gels arc aqueous-based 
dos:1gc forms containim,; one or more of the permined luhricam 
Polymers. The gel dosage form ident ifier is used tO designate a 
more viscous product; however, the dosage directions read the 
sanic as for the cyedrop products (ins til l o ne or two drops as 
needed). as this dosage stmcmcm is the only one pcnuiued for 
dry eye products marketed using the permitted luhricnm poly
mers under the OTC monograph. 
. One disadvamagc of mosr ( )TC dry eye products is I heir rcl:1-

t,vcly short duration of e ffect. Several products have become 
'.IVailahlc that incorporate novel delivery system rccl111ology 
lllto these products co prolonit chc duration of the lubric:mt and 
Prt>tcct:int effects of the monograph acrivc ingredic111s. One 
Product, J\q11a8itc.''; incorpornrcs chc polymer polycarhophil, 
aud in a more recent product, Sysrnnc,<•~ n modilicd hydroxy
lWopyJ guar polymer forms a gel-like matrix when the product 
components imcract with the tear fluid. 

CONTACT LENSES AND THEIR CARE 

HISTORICAL BACKGROUN06H1 

Evidence su~csts that 1he concept of altering cornc:11 power 
\~a~ tin-a envisioned hy Lconnrdo da Vinci c:trly in the s ixrccnth 
fcntury. In the next ccmury, more than n hundred years l:,tcr, 
\enc Descartes described a device, a glass-fi lled mbc in direct 

ctltact With the cornea, capable of implcmeming chis concept, 
t_iough it prohibited hlinki11g a nd so was 110c a practical solu
~-()n, In the c:1rly nineteenth cc11lury the Britis h astronomer 
'. ir ,John llc rschcl described 1hc 111:tthc matics of these devices 
;:;

1dyropo,-;cd :1 means of treating very irregular corneas_ hy us-
~ •1 ~ ass capsule filled wirh a ~clatin solution. Nol 1111111 1888 

\~~s the ori,l!inal concept executed by the nrtificial-cyc maker, 
1 r ien MUile r. lie made a glass proccctivc s he ll for the cornea 
:;,

1 
a la~ophthalmic pittient who had carc ino 11rn of the uppe r lid. 
lC Jl:lticnt wore the device for 20 years and corneal clarity 

Was n1aintained. ' · 
ti But Perhaps the first conrnct lenses, sclcral lenses resting on 
•
1
:

0
, h~tlhar conJunctiva beyond the limhal ring, we re fobricatcd 

1/. l(. ht by the (krman ophthalmologist J\.E. l~ic k, working in 
•Unc h J, . I (' 1 . Sci , . ,ttc m t 1e nineteenth century .• omact cnses w11hout 

0 .
1 

~r.,J r>onion, (corneal lenses) were in cxb.tence at least as 
cit~- as l9 J 2, when they were manufactured by Carl Zeiss. 
a)l~s~ Prostheses produced by l~ic k and mhcrs, while conceptu
in ~I '1 ste p forward, suffer from rc,L~onahly rapid deterioration 
Was le tear fluid. I lowcvcr, they had the advantage that the glass 

1
;, rca~i)y wcucd hy te:irs. " 

wo'rxl ~cnmcntarion in the twentieth century led J Oallos 
\ 111~ ' , • ' ' ' ' 

11ndcrr , 111 Budapest, to pe rceive the impor tance of tear flow 
lCath the contact lcm;, Dallos a lso took impressions of 
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human eyes co improve the fidelity of the ground lens 10 the 
shape of the cornea. The first contact lenses, sclernl lenses 
made oi plastic in the IMC 1930s wich polymethyl mechacrylmc 
(PMMJ\) from Rohm and llaas, a re attributed to W. Mullen and 
T. Obrig. The advantages of durability and weigh1 reduction for 
outweighed the s light differences in optical propenics. And in 
l 94H, K. Tuohy filed a patent for a plastic corneal comact le ns. 
With the advcm of P~L\IA, ;1 flush-fiuing shell hecame possible, 
a concept developed in l•:ngland in the 1950s hy Ridley. The 
first corneal le nses co h:wc any measure of commercial s uc
cess were developed in the early 1950s by F. Dickinson and 
\\/. Sohn~cs. Its thickness was about 0.2 mm, considered to be 
fairly th ick. Thinner lenses, of about 0.1 mm, were introduced 
in the early 1960s. 

The first soft contact le nses consisted of silicone, an e lasto
mer nearly devoid of water hut with good permeability to oxy
gen and carhon dioxide. I lowcvcr, the first soft contact lenses co 
Ix: commercialized were of hydroxycchyl mcchacryl:ttc hydro
gcls, developed by 0. \Viehtcrle and D. Lim in Czechoslovakia 
in the early 1960s. Continuous improvcmcms have progressed 
Lo the present day, including milesroncs such as silicone acry
late rigid gas-permeable ( RGP) lenses in the 1970s, disposable 
inexpcnsi\'C lenses in the J980s, and dai ly disposahlc and sili
cone hydrogcl lenses in the 1990s. 

With the advent of commercialized re latively comforrnhlc 
inexpensive corneal cont:tct lenses, rhd need for lens c~H'e 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 produces. 

From a rc,!!ulatory perspective, during the period from their 
;1pprov11l hy the J?DCJ\ of 1938 until the U8 Medical Device 
Amendments w the fl>Ci\ of 1976, comact lenses and comacr 
lens care products were regulated as dmgs. Although during 
this period a device was defined in the l•'DCA, manv mcdicnl 
devices were tho ught to he "used fo r the cure, miti~ation, or 
prevention of disease," leading co their c lassifkatio11 as drugs. 
With increased activi1y in industry and si~nificance of bio
medical devices in maintaining hcnlth. congressional aware
ness arose rc,l!arding t he advantages for Areater regulation. The 
nmcmlmcms made provision for three c lasses of device, with 
different requi rements for ench. Those with least risk were as
signed to c lass I, and chose associated with inc reasing risk, 10 

a progressively higher c lass. If safety and effic:1cy of a device 
could he rc:1sonably assured by "general comrols" (including 
restrictions on design, production, swrage, maintenance, and 
use), then 1he device was assigned 10 class I, which may he 
exempted from the requirement for a SlO(k) (the section of the 
FDC,\ chat allows for clcar:mcc of class II medical devices; sec 
later) bm still require company or product registrations. Under 
rhc 197(, amendments to the fDCJ\, contact lenses and lens 
care products were reclassified as class 111 devices, requiring a 
premarket approval application and approval by the FDA before 
marketing. 

However, hy 1990, following years of experience with certain 
devices_ in the marketplace and recognition chat little purp<>se 
was bemg served duplicming regulatory investigation of sub
stantially equivalent safe :,nd effective devices, Con~rcss passed 
new legislation . The US Safe ~ledical l)cvices Ace of 1990 au
thori;,;ed rcclassificacion of certain contact lens and lens care 
J?roducts i~s class II devices, requiring special contrnls in the 
form of a :) I0(k) submission a nd clearance. The produces cov
ered by this rcclassilicacion include solutions, d ry products, 
rnhlets, and disinfocting units used in caring for and disinfccc
in~ soft (hydrophilic) and R(:p contact lenses. In March 1994 , 
the down-cl:1ssilicmion of two types of daily-wear conrnct lens
es, from c lass Ill to class 11 , was implemented by a rule in rhc 
/<'c<lcra/ Re~ister. In Julv of 1997 a similar down-clussificarion 
of certain contact lens care produces. including mult ipurpose 
solutions and in-eye conrnct lens solutions, was implememc<.l 
hy a mlc in thll Fede1·a/ Ueµiswr. Extcn<.lccl-we,1r co11111ct lenses 
rc nwin governed by cl11ss lfl rngufotlon.~. 
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Table 43-3. Contact Lens Classes Characteristics and Support Products 

Typical Support 
Lens Type Chemical Classification Major Characteristics Products 

Hard, rigid, hydrophobic 

Soft, flexible, hydrophilic 

Flexible hydrophobic 

Rigid, hydrophilic 

PMMA (polymethyl methacrylate) 

HEMA (hydroxyethyl 
methylmethacrylate) 
Silicone rubber 

Silicone vinylpyrrolidone 

CAB (cellulose acetate butyrate) 

CONTACT LENSES, CURRENT ART 
J\s a co11scqucncc of these yc:irs of dcvclopmcnc, the cons umer 
curre ntly can c hoose from an enormous selection of com:iet lens
es and le ns materials. There are bas ically four classes of le nses, 
and the ident ificatio n of these clnsscs is both by polymer type 
and ll!ns c haracteristics: hHni con wet lenses, HUP con tact le nses, 
so ft hydrophilic contact lenses, and s ilicone-based flexible hydro
phobic le nses. These classes a re sumnrnrir.cd in Table 4J-J . ·1 lnrd 
contact le nses arc gcncrnlly fabricated from PMMA or polysiliconc 
Hc1·ylate polyme rs or co-polyme r ble nds conta ining one of these 
ma terials. l{GP conutet lcnsc.~ are generally consb,t of more polar
ir.ablc and oxygcn-pe rmc,1blc nrntc rials s uc h as cellulose acetate 
butyrate, t-butyl styrene , or s ilicone polymers o r co-poly me rs. 
These le nses gene rally provide vistial acu ity supe rio r to thac or the 
more llcxihle soft con tact lenses. The US Adopted Names (U8AN) 
designates these hydrophobic lens types \vith less thnn I() pe rcent 
wate r by the suff1xj i,con. 1 lowcvcr, RGP le nses have a low oxygen 
permeability and so should be removed and cleaned afte r a day's 
wear; morevcr, because of greater lens aware ness, especially :1 
new weare r, s hould wc:ir ch em routinely (i.e ., not intcr111i ttcntly). 
They arc durable, however, and so may be prcl'crrcd because the 
replaceme nt schedule is extended . RGP lc nsc.~ wi th higher oxy
gen trn11smb;$ibility tend to he preferred , especially in compari
son with hard contact lenses, because the improved exchange of 
gases assist~ in maintaining the health of the cornea . 

The third c lass of con tact le nses, soft hydrophilic lenses 
is fabricated fro m suc h a wide varie ty of materials and thci;. 
blends that the FDA has gro uped the m according to two param
eters, io n icity and water content (eithe r low or high , less than 
or grcmer than 5() pe rcent water): 

• Group I includes the no nionic po lyme rs of low water 
con tent, s uc h as polymacon , a s imple po ly(hydroxycthyl 
me thac rylate) (111>:MA), 

• G roup II inc ludes the n_onio nic polymers of high water 
content, suc h as alpha filcon A (a co-polyme r o f live mono
me ric uni ts: lll~MA, vinyl pyrrolidonc , ethylene dimcth:tc
rylate , h ydroxycyclohc.xyl mcthaorylatc, and a substituted 
vinyl carbonate), 

• Group Ill inc ludes ionic po lyme rs of low wate r contcm 
s uch as hufi lc~n (a tc rpolymcr of IIEMA, dimethyl oxo.' 
butyl ac rylnm,de, and the trimethacryhttc ester o f ethyl 
l-buw uc trio l with some level of hydrolysis of chc esters 
to the free acid ) or ocu!i lcon 1\ (a tc qx >l ymc r with IIRMJ\, 
m echacrylic acid, a nd ethylene dime thncrylate), a nd 

• G roup IV inc ludes io nic polyme rs of high wate r contc nc, 
s uc h II); a highe r water content oculilcon U/C or c tafilcon 
(a tcrpolymc r o f I mMA, the sale of mcchacrylic acid, and 
lhc trime(h:1crylatc ester o f eth yl 1-but:mc t rio!), 

Negligible gas permeability, low water 
content, medium wettability 

High water content, low gas permeability, 
good wettability 
Good gas permeability; poor wettability 

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

Wetting solutions 
Soaking solutions 
Cleaning solutions 
Combination 
Artificial tears 
Cleaning solutions 
Disinfection solutions 

Wetting solutions 
Cleaning solutions 
Soaking solutions 
Wetting solutions 
Cleaning solutions 
Soaking solutions 
Rewetting solutions 

, . . . d , · l ·r a grot1P l'ltc fii ia l c lass o l colllacc lenses, co ns1dcrc c ,c ,c . . 1 •g)i 
of harde r s oft le nses o r a group <>f softer IH,P le nses "''

th , 
1
;1 • 

oxygen solubility nnd trans mission , is t hat of chc s ilic~:
1r n;c 

drogcl le nses. These s ilicone ;111d lluorosi\iconc nwccn <t s ' 
c andidates for con tinuo us extended-wear applic,1 tiOIIS: , . . nd· 

Suc h d iverse func tioua litics provide distinut p ropc rcic:s ;'1 lite 
dition co water con tent , rangiug fro111 oxygen ;ind me ta_ '

0 co 
trnnsporr, hardness, a nd flexibility, through pr'.>ccssab'.i~~•i,il~ 
durnhili r)' and s tabili ty. More co111plctc lists o l chc 111'1 

,1.,1] . . 1 · oenc' 
used in contact lens m:mulacwrc arc availahlc, 1ut 

111 
b ·ch 

the USAN Council desig nates t hese h ydrophilic lens iypcsl w.'1ie 
) h I t.1. /' / ;>- 7~ Win e ,1rcatcr than 1( 11crccnt water v t 1c su 1x_ I <.:<>II . - 11,. 

M ~ . oner •"'1 
nome nclature adct1wncly d is linguishc!> 1110110 111cr comr, ,c~ · . r t1c rcnc •' 
and the alphabetical trailing designatio n indicmcs t 

1 ·ffc rc nc· 
in n1 tios of mo1w me r uni t..~, o ne mus t rc n1cmhcr that d, . . ,i•t· 
cs i11 crosslinkc r (ofte n e thyle ne glycol dimcthac ryliicc), 

1111 
' 

w r, c atalyst, filler, o r colo r additive arc 110 1 dclinc,itcd. f 1 0 ·,c-
. · . . . . .· , o C I While this 1s a rc:isonablc overview ol the ca tcgo1 ies ill' 

, \ · · , still ;in 
es tor the materials composing contac t e nscs, it is · hoth 
comple te list wil h regard to the propcrries that concern 

11
wct 

the cons ume r mid his o r he r pnic1i1io11er i11 scicctin~ i; ~~ wing 
le ns. In addi1io 11 w rhc c he mical compnsirion , the O otiiW· 

. . • ( I· · 1 ,s coll c hoices arc necessary: ( I ) dura non ol wear t •11 Y '· · I vs-. . . I · .,eel< Y 
o us), (2) lens rc placcmcm schedule (daily _vs. >"~-. orbifo· 
mo n thly vs. quarte rly) , /3) le ns design (sphc ric:il , tOI ic, 

1 
,.cut 

. 1- t c (tar w cal), (4) colo red o r clear, (5) means oi' nwnu ac ur 1w11, 
or cast-molded ), (5) edge design (whic h can ;1ffcet lct1S 

111
rirtin& 

overall lir, comfort, and ac uity) and le ns thickness, ((>) .: 11 nd 
clrn rac tcr islics, like the selectio n ava ili1hlc for b:isc c~rv_~;ning
lcns di·,mctcr and (7) ·111y surf·,cc trc·nn1cnt o r con ,u -116 ' ' ' · ' ' ' f •0 11111c t1 " 
With th is 111ultiplic i1y of c hoiecs and the s uhtlct")' 0 c . . vict1i. 
rcquircnwnrs, dw recommendation o f t ile practitioner is nfort, 

I ' I I ··cs- COi IUL ult imately, rhe cons umer s pe rsona me 11 · . . . 11 tcus 
. I I . . ·f· it f-1cw1 s i convc111c 11cc, mil cost- a so rc mam s1grn 1c;11 ' . , c more 

selcclion ra tes. l•'<>r cxmuple , pat ic n rs with drie r eyes <tr 
likely to prefer gro up I lenses. . , c t 1e11s-

l d l·t· I . . . . . ·c)lt u<H11,t 11 a t 1 10 11 to L lCfl" use 111 v,s ,on cor rccuo n , s •c pur· 
cs, like collagen s hields , find occasio,rnl use for thcrripc t1!1 ,,11c of 

. . . Lf Cit[lll~ 
poses, scrv111g as bandages providing protccuo n 111 otticr 
bullnus kc ratopachy (or othe r forms o f cnrncal cdclll3 ~~id ;1b· 
corneal irregulari ties or sources of c icatrizmion) o r foi Ir)' eyc
~i_onn alities, ant_l_with ulcers, chemical hums, .grnfts, '.'\~cri•Pcu-
1 hey a rc also dficac ious iu suswini ng the dc livc i Y 01 c c:1rc 
t. <I 1· ·11 l ,,vc LO .1c n.,cnts , as l 1sc ussed previous ly. Patie n ts w, 1' . , ch thC 
lo r lenses that a rc used fo r chcsc therapeutic purpos?s ,~ 'ror re· 
same preparat ions as those uccdcd for le nses prescribe 
fractivc corrcctio u. 1, 1seS 

I . t'1cc e1 d 
n s ummary, ho th doctors and consumers of con ' -·als :111 

have a b road range of alte rnatives. Current lens 11uitt:J1 

◄ 

Eyenovia Exhibit 1046, Page 22 of 25



--- -

the solutions to maintain them (next :;cction) provide a wide 
selection of properties suirnble for individual ocular health re
qui re n1encs and preferences. 

CONTACT LENS CARE PRODUCTS 

General Considerations 
\Viti~ the previous cwo sections for background, we a~·e ready 
to d iscuss those preparations produced for the cHrc of contact 
lenses. For all of the specialized solutions to be discussed, It 
,s generally necessary (1) to adjust pll, ronicity (osmola lity), 
Surfacc and i111c rfac ial tensions, mid viscosity; (2) preserve and 
lllaintain sterility; (J) assure s tability and shelf-life; and (4) 
t~ackagc and sterilize appropriately. In chc United Srntcs these 
solut ions arc c la:,;s II medieal dcvices.71 

Wetting Solutions 
Th~sc arc lubricating a nd c ushioning preparations designed 
to lumish a hydrophilic coating over che c lrnracceristically _hy
drophobic surface of l'MMt\, $ilicon , acrylate. and ocher n g,d 
~ens surfaces. Typically, wetting solutions inc lude an acc~1n:t'~ vis_cosicy-im~arling agent, a su,:faccanr, and a pr~~ervative. 

he su1 face-act1v1ty and viscosity ctfeccs may be obtamed from 
a s ingle compound. Agents commonly used incluclc cellulose 
derivatives, polyvinyl pyrrolidonc, pol)•vinyl alcohol. ,md poly
ethylene glycol derivatives. The need for s urface-active agents, 
which facilirntc wcrring of lenses and spreading of tears, is 
l,\reatcr for hard concact le nses because of their hydrophobic 
surface characteristics. Preservatives include those accept
,,blc for ophth:.llmic use including polvquml and a polyhexyl
incthYlcne biguanidc, c:/llcd Pl IMl3 or l)YMED. 

Cleaning Solutions 
Cleaning solutions commonly arc used to remove 1,urfocc eon
~ntninancs- lipids, protein, organic salts, and the like. C\can
"'g is a1.:complishcd hv the use of s urfacrnnts that preferably 
arc nonionic o r a mph~teric . Viscositv-imparring agents gencr
'.111~ a~·e not included. Some c leaning ;,gents also i~clude a mild 
ahrasivc: si lica for RGPs or plastic particles for solt le nses. 
. Adequate cleaning of hydrophilic lenses is a far more complex 
' 11~d c hallenging problem than for hard-lens cleaning. Because 
of their pcrmcahilicv c haractcrisrics, conrmninants penetrate 
into the.: le ns stntctt;rc and may hind c hc mic:11ly or physicnlly 
to the IIl~Mi\ or ionie portions of che lens m:1cerial. Con tami
nants inay be surface films or c rvstals, amorphous aggrega tes 
of l!rotci_n 111acerial, cellular dchri;, or insoluble inorgnnic sal~s. 

,lcan mg products generally arc specific co ihc lens material 
''.~<l require l•' l)t\ cle.irnnce, with proof of cleaning efficacy and 
s,,fcty. Cleane rs arc hascd on surface activity, enzyme action, 
or even ahradant action in which case the ahradant mate rial 
tust he softer than ch<:! 'tt!ns itself. Adequate daily c leaning of 
'.:drophilic lens material can enhance disinfection but in some 

case· · 1· I ' er s may not be necessary, given che c hoices o to( ay s pow-
. fut disinfcctin" solutions and c nzynrntic cle1111crs, av;iilahlc 
111 ,· I h • , . 

1 
c,c 1er a tahletcd or liquid form. Mose recently, daily-we11r 

'.~ ilnncd-rcplaccmcnc le nses h:,vc found wide acceptance. Con
i~ ntionally the ir successful use is reliant on e nzymat ic clean
I. g t()gcthcr with spcci:11 disinfccrnnts. I lowevcr, cxwndcd-wcar 
cn11es ·0·1· I · d 1'l ', s I mg ac a lower rate, require on y rcwett111g rops. 
It te significance of adequate c leaning cannot he overstated. l;r_0 Pcrly or inadequate ly cleaned and maintained lcnSt!S arc 
so ',.1•1Ps t he most import.mu conrrihntors to complications as
of c,_atcd with che wc11r of contact lenses such as discomfort, loss 

V1su•1l ., . 11 .. Tl ' 'cu11y, conjunctivi tis, anc ,erat1t1s. 
cle- lc re arc cwo types of cleaning solutions, daily and weekly 

<1ners \V I I I · · 1 d en, • · · ec, y-clcaning so ntro ns may me u e proteolytic 
~Ylllcs t·t I · like • · 1 ,c su mlis in, o r a broud-spcccrum less coxic enzyme 

tlctjt"ncreatin (which contains protease, lipase, and amylase 
achi '.1Y), or conccntraccd surfaccancs. Daily-c lcanin~ solucions 

eve clc~ · i · I • 1-Poly, , _. 0 _11111g us mg ess aggressive sur ace-11ctive agents a nd 
11crs, often nonio nic but nonsolubilizing agents rhat will be 
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less toxic if carried over into the eye. Examples include Tureen 
20 or 80 (types of polysorbate detergents) and cyloxapols (sur
factants) . A daily cleaning solution even containing a nontoxic 
c.:nzymc is available (SuprnClcns). 

The goal is to provide thorough cleaning of the lenses for the 
bcnef1ts described previous withouc causing any degradation of 
chc lenses. 

Disinfecting Systems 
Ois infcccion of che first hydrophilic lens approved by the FOA 
was accomplished using a heating device that generated steam 
from a s nlinc solution. The latter wr,s either prepared by the 
user or available from the manufacturer. Subsequcnr to chc 
so-callt!d thermal systems, requiring heating ac 80°C for 10 
minutes. disinfection solutions were developed that met the rn
quircmt!nts for FDA approval while not damaging the more deli
cate soft lens materials. Uccausc of the :;orption characccriscics 
of hydrophilic lt!nS materials, many of the accepted ophthalmic 
preservatives arc unsarisfocwry for use in soft-lens disinfecting 
systems, including the ubiquitous 13AC. Once again, however, 
the use of a quaccrnm-y disinfoernnc covalently bondecl co a 
soluble, re latively high-molecular-wcighc polymer has met with 
some success. These have to a large extent replaced chemical 
ancimicrobial agents like sorbie acid, chimerosal (containing 
me rcury), a nd h ydrogen pt!roxide, am ong many others. Per
lwps che most common in current use are a cationic polymer, 
polyqur,d, a nd a polyhcxylmcthylenc biguanide. 

ln addition w possessing s11t isfaccory disinfecting activity, 
s uch a preparation must he isotonic, he in an accepwhle pll 
range, he nonreactive (nonhinding) with lens mate rials, and 
over a normal use period induce o r bring about no physic,11 , 
c hemical, or optical clrnngcs in the lens. It is, of course, sterile 
and safe for use in the t:yc, even though direct instillation inco 
the eye is not intended. 

Soaking Solutions 
Soaking or storage solutions, as t he namt! suggests, serve in 
storage and hydration of hard or RGI' le nses hue, mosc impor
tantly, in disinfection of such lenses. Dis infection should he 
rapid and as complete as possible, making use, o nce again, of 
acceptable ophthalmic preservative substances. Soaking solu
tio ns typically contain chlorhcxidinc (gluconatc), bcnzalkoui
um, or quaterna ry/polymer compoum.b, e nhanced by sodium 
cderarc. Soaking solutions arc intended m he rinsed off lenses 
before insertion. 

Rewetting Solutions 
Solurio ns intended to rewet hard or ROP lenses ill situ are 
referred to as rcwctcing solutions or lub ricacing drops. Such 
preparations are intended co re inforce the wetting capacity of 
the normal tear film. [i;a rl y proclucts of this type tended to be 
somewhat viscous werting solutions, acceptable for direct instil
lation into chc eye. More recent preparations mimic tears more 
accurately, and the ir viscosity may be rnther low, to improve 
user acceptability, or adjusted to he responsive and to improve 
retention and duration of the wetting clrnracterisrics. 

Multipurpose Solutions 
By combining the actions of two o r more of the solutions jusc 
described, these procluets simplify regimens, improve compli
ance, generally increase the comfort of cont:rct le ns produces, 
and greatly inc re:ise rhe convenience of using contact lenses. 
For soft contact lenses, multipurpose solutions have to com
bine only the functions of c leaning a nd disinfection, whereas 
a complete multipurpose solut ion for a hard or RGP lens must 
also provide some level of wetting. Suffice it co say chat these 
solulio ns, whic h contain an intricate balance of ingredients, 
have grown in popularity s ignilicanrly because of t!ie 41:eatly 
increased level of convenience chcy provide. Their ctficaoy 
ofte n precludes the need fo,· separate cletining solutions for 
many 1x1tit!nts. 
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GUIDELINES FOR SAFETY AND 
EFFICACY TESTING 

The !<'DA periodically issues or updates guidelines descrihing 
recommended test procedures for contact lens care produces. 
The reader is advised to review the most recent guidelines for 
appropriate requirements. . 

Current guiddincs cover all lens ca!·e produets._ App!1cablc 
guidelines are determined by the type of product (e.g., saline ~o
lution, cleaning solution, multipurpose solution, and rcwettmg 
drops) and the c laim (e.g., di,si'.1fectionin a_rcgime n as opp~sed 
to a stand-alone process). Safety tcscmg includes determma
tions of cytotoxicity, oral toxici_ty, potc~tial for s~nsitizat:?n, 
and single to mLdtiple exposure 111 '.111 ~111mal_ (n1hb1t] e'!.c: ! he 
tests designated depend on the acttve 111gred1cnL _(e.g., it 1c 1s a 
new entity or has been in previous products) and its concentra
tion (e.g., if it is the same or difforenc from that used in a cur
rently approved product). !Uf-i~acy of preservation, disinfe7li_on, 
and cleaning, compatibility with lens or len_s types, and ch111cal 
triab arc also required, with their type and scope dependent on 
product type, characteristics, ingrcdie ms, and claims. 

SUMMARY 

There has been considerable progress in ophthalmic pharma
ceutics and in lens care products during the last decade. Very 
substantial advances h ave occurred in designing vehicles and 
packaging for highly potent active ingredients presented at very 
low concentrations; in increas ing ophthalmic bioavailability 
and controlling factors influencing ophthalmic drug absorp
tion; in the design of implants and means of delivering them for 
providing therapeutic agents co the retina and other deep oph
thalmic tissues; and in devising robust yet de licately balanced 
multipurpose solutions for contact lens wearers. Continuing 
advances in the general field of ophthalmic pharmaceutics and 
pharmacokinctics can be expected to <1ssist in mninwining and 
improving ocular health. 
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