Ocular Drug Delivery

. hpande
. Mengi & S.G. Des| 's Universi
__mo.>m of Pharmacy, SNDT Eosm:_w %zzma_?
o_c. mswm%mm%ﬁ (W) Juhu, Bombay-400049, India

—

1. INTRODUCTION

; i of th
The field of ocular drug M_m_mzmma _w w“_.mﬁ_moma_< improved over the past Swno years. As an
pharmaceutical mo_%awuao:: to study from a drug delivery point of view. .: 1s very difficult
organ the eye is very M containing drugs from humans, consequently one is oom.:vo:oa to u
ﬁm_ﬂaa mo__m amun >”mw=~mw== unfortunately the human ocular disposition characteristics of virty
models as 3 ’

important drug are incomplete or unknown :ﬂo,gsmcz_ 508.. .

Despite these severe limitations significant improvements in onc_ma. drug &.w:<oQ have been made.
The improvements have been with objective o.m maintaining the drug in the U_o_u.rmmo ».ﬂ.:. an extended
period. The anatomy, physiology and biochemistry of the eye render ::.w organ impervious to foreign
substances. It is a challenge to the formulator to circumvent the protective barriers of the eye so that
the drug reaches the biophase in sufficient concentration (Lee & Robinson, 1986).

Physiological barriers to diffusion and productive absorption of topically applied drug exist in the
precomeal and comeal spaces. The precorneal constraints responsible for poor ocular bioavailability of
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Topical application of ophthalmic drugs is further made inefficient by tear turnover which is about
16% in humans. Due to these factors typically less than 1% of the drug reaches the aqueous humor

(Mishima et al., 1966). Metabolism in the precomeal area has been shown to account for the further loss
of the drug. The low fraction of the applied dose further undergoes rapid elimination from thé intraocufar
tissues and loss through the canal of Schlemn or via absorption through the ciliary body or suprachoroid
into episcleral space (Le¢ et al., 1982). Binding of drug to protein also contributes to the loss of drugs
through the precorneal parallel elimination loss pathway. The tears contain both free and bound drug which
is rapidly drained from the front of the eye.

Due to potential drug loss from the front of the eye the apparent absorption rate constant is due to
both corneal absorption and precomeal loss. Drug absorption rate constants are in the range of 0.01-
0.001 min"! in- contrast to the precorneal loss constant which is usually 1-2 orders higher Kioss 02-0.5
min!. Yet the aqueous humor drug concentration vs time profiles from a topical dose show that the
time to reach a maximum level in the aqueous humor is generally short of the order of 20-30 minutes
suggesting that corneal drug permeability is high. "Actually comeal permeability to drugs is quite low
amd thus the reason for the early maximum level of the drug has to do with the enormous loss of drug
from the front of the eye. This kinetic phenomenon is known as elimination loss pathway as shown in
Fig. 4.2. Contributing to the poor ocular bioavailability is the hydrophobic structure of the corneal
epithelium. Anatomically comnea consists of five distinct layers which anteriorly to posteriorly are the
epithelium, Bowman’s membrane, stroma, Descmet’s membrane and endothelium (Fig. a..uv. The
epithelium and endothelium are cellular and lipophilic. The epithelium is composed of five to six layers
Where as the endothelium is one cell thick. The stroma represents about 90% of thickness. of the comnea.
It contains 76-80% of water while the remainder consists of collagen fibrils (Schoenwald, 1987). Drugs
gain access into the eye by simple passive diffusion. Huang et al ( 1983), measured permeability coefficient
of a group of B-blocking agents across various layers of the cornea to determine the contribution of each
layer to the total diffusional resistance. Each of the three barriers were found to contribute significantly
to diffusional resistance of drugs of intermediate lipophilicity. However, the epithelium is the predominant
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il is rate limiting for m .
e : drophilic drugs whereas the stroma is rate limiting o8t of the
e pal i t the noncorneal route of absorption involving penetration m_h

¢ studies suggest tha : o TO!
mw_mwh. M_MMnM”a_“&é may be significant for drug molecules with poor comneal _uoq.iow!__a.. Stu nmnwws_..:o
inulin (Paton & Ahmed, 1985), timolol maleate (Ahmed et al., 1987b) gentamicin (Bloomfield et u_”r

1978) and PGF, (Bito & Baroody, 1982) suggest that these drugs gain access through the non-corn
route. Howeyer, the corneal absorption represents the major mechanism of absorption for the m

therapeutic entities.
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The existing ﬁnc_qu_&.:m.n_n__ﬁé w«ma:.m. are thus fairly primitive and ineffici cular Drug Delivery .wm
of ocular systems is undergoing m_..mnzm_ :ws.m_:cs from an empirical to E.:a s e
areas of onc_w_..&.:m. delivery has increased in recent years due to an inc ional basis. __:nq.nm_ in the broad
of ocular v:wm_o_o.w_mm_ process and pathological conditions. The foc: _.amma‘ ==a2..mB=.a5m of a number
made towards optimization of ocular delivery systems. Attempts h us of this review is the approaches
(i) improving ocular contact time Pts have been made towards :
(ii) enhancing corneal permeability
(iii) enhancing site specificity.

|Il. CONVENTIONAL OCULAR DELIVERY SYSTEMS

ntional ocul i s . , ,
The nﬂ:»«o ! it .ﬂ:&%m:%:«m_,w systems used ubiquitously in today's ocular disease management
are solutions, suspensions. The origin of solutions and suspensions has been the collyrium attributed to
WQE”E:EM.: ORnM..._.ro v_.o_”wmm,um: ium a cake made of gum resembling a small bar of soap within
which the drug was incorporated. A sma piece of cake was dissolved in wat i i
Nee as eyedrops. ater, milk or egg white for

Drugs used .5 the eye till .noaww fall into one of the several categories including miotics, mydriatics,
cycloplegics antibacterials, antiglaucoma drugs, surgical adjuncts, diagnostics and a category of drugs for
miscellaneous uses.

mamanm the active ingredients, therapeutically inactive ingredients in ophthalmic solution or
suspension are necessary to perform one of more of the following functions: adjustment of tonicity,
buffering and adjustment of pH, stabilizing the active ingredients against decomposition, increasing
solubility, imparting viscosity and acting as a solvent.

Aqueous solutions, as already stated, suffer from the disadvantages of being quietly removed from
the front of the eye resulting in poor ocular bioavailability (Shell, 1984). It is the consensus of most
clinicians that a solution or suspension form of a drug delivery system is preferred by the patient provided
that extended duration can be accomplished with these forms. )

Ill. ROLE OF POLYMER(S) IN DRUG DELIVERY

The first approach made towards research in the field of improving the ocular contact time of solutions
utilizes the incorporation of polymers into an aqueous medium such as polyvinyl alcohol (PYA), polyvinyl

pyrrolidine (PVP), methylcellulose (MC), carboxymethyl cellulose (CMC), and hydroxypropyl cellulose

(HPC). The increased solution viscosity reduces the solution drainage. Increasing the solution viscosity

of pilocarpine solution from 1 to 100 cps through the incorporation of methy! cellulose reduced the solution
drainage rate constant 10 times while only a 2-fold increase in pilocarpine concentration in the aqueous
humor was obtained (Chrai & Robinson, 1974). An optimal viscosity of 12-15 cps has been suggested

i i d five polymers

for for ocular drug absorption by Paton & Robinson (1976). Saettone et al., (1984) compared f1v .
ioht HPC all at 73 £ 2.5 cps on the basis of changes In 2_?__5

e ot ok by . The largest increase in ocular bioavailability

diameter brought about by 0.2% tro icamide in humans. .
with an an%u_“o of 3.7 wz_.:nw inmvmon__ with polyviny! alcohol. z.wE_.m._ E.v_vs_o.a =E=o_w.m mo._ﬂwwﬂ
hyaluronate and chondroition sulfate are being investigated as viscosity inducirg %__mhsnm.mnmn.—n
glycosamines when incorporated into topical formulations have oB..\_,K Ea..%%mwvsw_ﬂw:m& R oﬂ
through their unique physiochemical and polyelectrolyte behavior F_acn_.m. O 3% sodium
time with an extended duration of action for 1% pilocarpine has been om .mnnﬁwm_: A s
hyaluronate solutions (Camber et al., 1987). In considering approach Nx —._“nis wnmnoca. o astically
enhance ocular drug absorption the lipophilicity of the drug should be h:o_\_u__mﬂ partition coefficient
siguificant increase n aqueots M concentraions by iro_maomo%w by Grass & Robinson (1984).
exceeded 10 was observed on increasing the solution viscosity m._.oawuw P & utility in causing marked
The results to date suggest that increasing solution viscosity

improvement in the amount of drug absorbed.
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IVES: , | |

. ==oo>o:mm ive vehicles i€ vehicles which are retained in the eye by virtue of non-coygq

m_z. o have recently attracted the attention of mnﬁ_,”“

eric mucoadhe:
4 with the come:

their capacity of

al 8&.:8.,&_ muci ) y :
extending the preocular residence times (Robinson, 1990). Ooumzm th
of glycoprotein referred to as mucin. Goblet oo__...

s

e eye is @ thin film { .
] and it forms @ thin layer over the conjunctiva and cornea. The Muci

investigators for
extemal surfaces of the w_.%n omnmm
: suctiva secrete this ma ; . . .
in h_»m ”_.Mam“nn”vwz« of picking up about 40-80 times its weight of water due to substantial number of
sugar groups that line the polypeptide backbone (Holly, 1973). The mucin layer forms @ part of the
» recomeal tear film @ very thin fluid layer that continuously _.”.mn_.nm the corneal epithelium, conjuctiya
and the conjuctival cul-de-sac. The tear film consists of three main classes of components, the lipid portion
secreted by the mebimain glands, the mucin, 8 family of glycoproteins produced by the conjuctival goblet
cells and the aqueous portion 2 salt solution secreted by the main and accessory lachrymal glands. These
layers are shown in Fig. 4.5 (Wolff, 1954). Macromolecules with the mxo%zo: of some substituted glycols
cannot readily enter the body. A molecular weight of 5000-10000 is generally considered high enough
to prevent to any appreciable absorption through the skin or mucosal tissue. Consequently adducts when
applied topically can function as depot agents (Ranade, 1990). Natural and synthetic polymers (Table
4.1) that bind to mucin or epithelial <urfaces have been used for drug delivery via the nose, buccal cavity
and intestine. These bioadhesive polymers help .:._ prolonging the release of drug from a dosage from
by localizing it at a specific site where mucus is present. They remain in contact with the precorneal
tissues E_E mucin  turpover causes n_gmzos of the v.o@Bn.. (Park & Robinson, 1984). Good
mucoadhesion in the eye is 3?2& with polymers possessing the correct charge density , number of
ﬂ_a groups for hydrogen bonding, and balance of lipophilic to hydrophilic sections in the polymer chain
T noB MMMoo_uM ﬂ_nmnﬂnﬁhwm?owu mucin and mucoadhesives can be conceptualized as establishment om.
I ct by diffusion and network expansion of polymer chains with sub i i

o p 1 F of polyme subsequent interpenetration
Wﬁ“ . FMMMMLWNMwa Hﬁu M.M%MMOMNWM m_mww.n.v amw_naa in Fig. 4.5. Hydrogen bonding has been stated
. 1 i i I
is held H.mvnnwmc_n for bioadhesion (Pritchard, _wqﬂ ). M%«“ﬂ%ﬂunﬂ n..o”E om.nnn e :.Eomun:—mm:d et
and mucin is largely viewed as an clectrosiatic atraction, , the interaction between a cationic polymer
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4.1. Some Représéntative Mucoadhesives with their Mucoadhesive Performance

Table
gubstanc® Adhesive performance
O.ﬁwox%:._mn—.%_nn::_an Excellent
Carbopo! Excellent
carbopol and :%aﬁoxwu.qovv\_ cellulose Good
nw_.vovo_ pase with white petrolatum/hydrophilic petrolatum Fair
Carbopol 934 and EX 55 Good
Poly ABQE\_ methacrylate) Excellent
Poly an_w::n_o. Good
poly (acrylic acid) Excellent
?an_&o_u:: Excellent
Homopolymers and copolymers of acrylic acid and butyl acrylate Good
Gelatin Fair
Sodium alginate Excellent
Dextran Good
Pectin Poor
Acacia Poor
Povidone Poor
Fair

Poly (acrylic acid) crosslinked with sucrose

Mucoadhesive polymer

/\.j i
@ \\ plus drug

Mucin layer

<
® _ r) _ Epithelial layer

mer Interacting with the mucous layer on a mucosal tissue.

pted several workers (Bottari et al., 1973;

Fig. 4.6. Depiction of a mucoadhesive poly

The poor patient acceptance of ointments has prom . .
Goldberg, 1979; Schoenwald & Boltralik, 1979; March et al., 1982; Miller & Donoran, 1982) to investigate

aqueous gels as vehicles to improve ocular bioavailability of both water mo_u_u._n and oil mo_1v_m &._._mm.
Ointments are semi solid preparations consisting of dispersion of the solid drug in the appropriate vehicle
base. The vehicle base is either a single continuous phase or a compound base. A single phase is an
oleaginous base consisting of white petroleum and lanolin. Compound bases usually involve oil-
aqueous systems forming either oil-in-water or water-in-oil systems. Ointments have mo_.<nn.um mﬁn?_
vehicles to improve drug bioavailability and sustain drug release. The ointment gets entrapped in the
fornices there by serving as a drug reservoir (Norm, 1972). Unfortunately the ointments are not well
accepted by patients due to interference with vision e of drugs administrated

and precorneal disappearanc
in an ointment has been reported to be as low as 0.5% per min. However, this does not seem to hold
true for water soluble drugs. Seig & Robinson (1979) have demonstrate

d that pilocarpine, a water soluble
drug, was released rapidly from an oleaginous ointment providing only a modest im|

provement in the extent
of comeal absorption with no sustaining effect. In contrast both an enhanced and sustained corneal



88 Controlled and Novel Drug Delivery

absorption was seen with fluorometholone, an oil soluble drug. Gels alth i
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Controlled release systems for ophthalmic use encompass both erodible and nonerodible systems
eal for erodible systems stems from the fact that these do not have to be removed from bod ﬂmmnnm.
ould be anticipated that an erodible ocular insert is more prone to demonstrate variability mﬂ B_oﬁm
kinetics from patient to patient than a non-erodible insert. This is due to the fact that the rate of tear
n_.oa:n:os as well as concentration of metabolic enzymes in the tear film of the eye also varies
considerably from patient to patient. Although the erodible inserts offer the advantage of convenience
in administration the greater reliability of the non-erodible inserts for each potential ocular application

cannot be neglected.

App
It sh

Nonerodible inserts

The non erodible systems include :
(i) Ocusert, and
(ii) Contact lens.

(i) Ocusert
The Ocusert therapeutic system, developed by Alza Corporation has probably been first practical
he dreams and endeavors in the field of inserts. It is a flat, flexible, elliptical device
hown in Fig. 4.8. Two outer layers of ethylene vinyl acetate (EVA) enclose
lled with alginate. A retaining ring of EVA impregnated with titanium
dioxide for visibility enclose the drug reservoir circumferentially (Friederich, 1974). It is preprogrammed
to release pilocarpine at constant rate of 20 or 40 pg/hr around the clock for 7 days. The higher release
rate of Ocusert Pilo 40 is achieved by making its rate controlling membrane thinner and by the use of
flux enhancer di (2 ethyl-hexyl) phthalate (Urquhart, 1980). Both the systems are used in the treatment
of chronic glaucomas. Since the introduction of Ocusert there has been 2 proliferation of erodible inserts
prepared primarily for the delivery of pilocarpine (Bloomfield et al., 1978; Miyazaki, 1982; Katz et al.,
1977; Grass et al., 1989; Saettone et al., 1984). However, none of them are comparable to Ocusert with

respect to duration of action. Although the advantage of precise controlled rate of delivery has been
achieved with ocusert it is coupled with a number of disadvantages such as patient comfort, placement,
and removal of insert which may lead to inadvertent loss of system from the eye. It has been observed
that retention of these inserts are a function of size and shape (Katz & Blackman, 1977). Smaller devices
are better retained than larger ones and rod shaped are better retained than oval ones.

realization of t
consisting of three layers as s
the inner core of pilocarpine ge

Posterior radius

Anterior radius
~ -~ \

CT - Diameter

Fig. 4.8

(i) Contact Lens

,_.M_m use of presoaked hydrophilic contacl lens
of drugs (Hillman, 1975; Ramer & Gasset

en examined for a number

es for ocular drug delivery has be:
5; Allen & Raph, 1985;

1974: Matoba & Mucculley, 198
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Massimo & Spitmas, 1988; Jain, 1988). Therapeutic soft lenses are oft

. X S . . o1ten used t .
healing in patients with infection, corneal ulcers, characterized by marked thinnij 0 aid copmg
& Mucculley, 1985). Unfortunately the residence time of drugs using c oBSEm of the no:_nun_ Woupg
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vgen to the eye and the build up of harmful metaboli ‘ ). Moreover Comg
ite such as CO, which has been M_a Supply o¢

complications arising from the improperly fitt !
properly fitted contact lens should also be taken into msn__omaa in
ccount,

An alternative approach to presoakin
4 i soft contact le i i
either as a sol i ot i s S » . :
eihr o %mm_m_ﬂ ﬂoﬂwww_m%”mo“ mwo_a vwmw_o_om in the monomer EW. M.ﬁ“um“wwﬁ 8. Incorporate the
the promise of longer ti awa, 1987; Bawa & Ruscio, 199 i e s 48 i
ger times of release upt Y 93, ditsechn] ]
the oroblem of comcentrat pto _mo h as compared to pre ique has demop
preservative. However :M“:owo Mm preservative is eliminated, mmﬂoamomunnaano:ﬂm.na ke mzn_.o“ﬂmsa
s greatest advantage associated with the use Mw nEwB; added without “_Mw
ontact lenses h
as been tp
e

problem of discomf i ;
i mfort and difficulty in handling and insertion particularly i
arly in case of pres
oaked contac
t

drug

Erodible inserts

Several erodible .
drug inserts h
S_,,ccé:ﬁﬁ:v; cellulose wafers ﬁwﬂm%ng prepared and tested fo

1984) o1 NM M _mmcomw 1975: Maiohuk _,_WNMWN: :_mm Pilocarpine containing
ondi ’ , polyvi P
insone e P an_a & Harwood, 1988). iwawwsw_ alcohol disc. (Grass
& Baker, 1974). cgga:ﬂ;sm hydrophobic ocular residence times has cnoo collagen containing
(i) The Lacriserts ¢ efforts only thre, i n achieved. In addition
(i) SODI, anq
) Minidisc.

i) Lacrisert

hr re acu .
gimen b Ity rema rops. N
Y once ined upgy 0 cha
(ii) Th, or twice daijy ~_§nn on avery NEE in slit o, their 32 Kera —
Solub ® ooy €gimen js the %a, during the mw Mﬁtoﬁn:on of :..wnfm_.mwono:..::nﬁ :
Oluble o) enefit udy. Re ' rior forni
a place 1X was
Mmuw__o:.n:z sﬂ_mﬂ%m __35 (Sopyy ment of four ¢
amide, N, not yg Isasg
ﬂum_n:,_u __:” mh_zivw:o_a.ww% eyedropg m”ﬁw_ ova|
cre wety ms of gyar x 2Nd eth eightle
globe, by by the Val shape yea 21TV late deg;
- During g, tear fij, . FC Weighi € nmm_m
follow; M it sofy ng 15 ¢ as A
wing 1¢.;5 sn__”m _,___H _o.:owa_ow.MW Afer _wzm:mw?_n::x. 1985) :H is made from
- the fim, tu s and ag uction in th IS in the fq
ms int, SUMeS the curyeq . " 1crior orm
ved confj cul-de-sac

Buration of the

olymer
Mass, thereafte, in 30

4 P e -

me

Ocular Drug Delivery 91

ution. A single SODI application has been reported to replace 4-12 drops

it becomes a polymer sol
f ointment and constitutes a valid once a day therapy for the treatment

60 min. ..
instillations Of 3-6 applications O
of glaucoma and trachoma (Maichuk & Erichev, 1981).

system or minidisc

orted the development of a controlled release device for the eye known as

(1988) have rep
erapeutic systems (OTS) or minidisc. The OTS consists of a contoured &mni:rwoo?dx
cave back surface in the contact with the eyeball. It is like a miniature contact lens with

minidisc in contrast with the

The symmetric nmanc_w_‘aommw:%mm. a.ov%aﬁ
align a particular geometric axis of the device with the eyelid

mer-o-0-bis ?-_.:nn_an_SQY butyl
| and D represents dimethylsiloxane

(ifi) Ocular therapeutic

Bawa et al.,
the ocular th
front and a con
a diameter of 4-5 mm.
elliptical or rod shape eliminates the need to

margin.

The major component of the OTS is a silicone based prepoly

vo_x&aoﬁg\_ siloxane (M,Dx) where M represents methacryloxybuty
functionalities. The OTS can be hydrophilic or hydrophobic to permit extended release of both water
soluble and insoluble drugs. Studies have been conducted with sulfisoxazole, a poorly water soluble drug
incorporated in a hydrophilic matrix (Bawa et al, 1988). The in-vivo dissolution studies demonstrated
that the drug was released from OTS for 170 h. However the hydrophobic OTS released gentamicin sulfate
for longer than 320 hr. Gamma irradiation and heat exposure of the system were found to slow down
the drug release rates (Bawa & Nandu, 1990) The authors suggested that this may be due to additional

cross linking of the polymer matrix by gamma irradiation.

thalmic delivery system

elivery system (NODS) is a method of presenting drugs to the eye within a water

It provides for accurate, reproducible dosing in an easily administered

preservative free form. The drug is incorporated into a water soluble polyvinyl alcohol film. Each NODS

consists of a drug loaded film or (flag) attached to a handle film by means of thin membrane (Fig. 4.10).
icircular in shape and has

The NODS is approximately 50 mm in length, 6 mm in width, the flag is seml
an area of 22 mm?2 and a thickness of 20 um and a total weight of 500 ug of which 40% can be drug.

On contact with the tear film in the lower conjunctival sac the membrane quickly dissolves releasing
the flag into the tear film. The flag hydrates and disperses allowing diffusion and absorption of the drug.

The new oph

The new ophthalmic d
soluble drug loaded film.

. Increasing
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