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Contact lenses as drug controlled release
systems: a narrative review

As lentes de contacto como sistema de libertacdao
controlada de farmacos: uma revisdo narrativa

Helena Prior Filipe'#, José Henriques?, Pedro Reis*#, Pedro Cruz Silva*, Maria Jodo Quadrado®, Ana Paula Serro®

ABSTRACT

Topically applied therapy is the most common way to treat ocular diseases, however given the anatomical and physiological constraints
of the eye, frequent dosing is required with possible repercussions in terms of patient compliance. Beyond refractive error correction,
contact lenses (CLs) have, in the last few decades emerged as a potential ophthalmic drug controlled release system (DCRS). Extensive
research is underway to understand how to best modify CLs to increase residence time and bioavailability of drugs within therapeutic
levels on the ocular surface. These devices may simultaneously correct ametropia and have a role in managing ophthalmic disorders that
can hinder CL wear such as dry eye, glaucoma, ocular allergy and cornea infection and injury. In this narrative review the authors
explain how the ocular surface structures determine drug diffusion in the eye and summarize the strategies to enhance drug residence
time and bioavailability. They synthesize findings and clinical applications of drug soaked CLs as DCRS combined with delivery
diffusion barriers, incorporation of functional monomers, ion related controlled release, molecular imprinting, nanoparticles and
layering. The authors draw conclusions about the impact of these novel ophthalmic agents delivery systems in improving drug transport
in the target tissue and patient compliance, in reducing systemic absorption and undesired side effects, and discuss future perspectives.
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Resumo

A forma mais frequente de aplicacido terapéutica em oftalmologia consiste na instilacdo de gotas oculares, mas dadas as limitagdes
anatémicas e fisiolégicas do olho, € necessaria dosagem frequente com possivel repercussdo na adesao do paciente a terapéutica. Nas
dltimas décadas, as lentes de contacto (CLs) tém surgido como um potencial sistema de libertacao controlada de farmacos na
superficie ocular (DCRS) para correcdo do erro refrativo. Estd em curso uma extensa investigacdo para entender a melhor forma
de modificar as CLs, de modo a aumentar o tempo de residéncia e a biodisponibilidade do medicamento na superficie ocular dentro
de niveis terapéuticos. Ao corrigirem a ametropia, estes dispositivos poderdo simultaneamente desempenhar um papel na gestao de
perturbagdes oftalmoldgicas, tais como a sindrome do olho seco, glaucoma, alergia ocular e infeccdo corneana, que podem compro-
meter o porte seguro e confortdvel das CLs. Nesta revisdo narrativa, os autores explicam como as estruturas da superficie ocular
determinam a difusdo de farmacos no olho e sintetizam as estratégias para aumentar a permanéncia e biodisponibilidade dos
mesmos. Em seguida, apresentam os resultados e as aplicagdes clinicas das CLs embebidas em farmacos, como DCRS, através da
incorporagdo de barreiras de difusdo, de mondémeros funcionais, da liberacdo controlada por ides, da impressao molecular, de
nanoparticulas e pelo processo camada sobre camada. Os autores concluem avaliando o impacto destes novos sistemas de entrega
de agentes farmacolégicos ao melhorar o seu transporte no tecido alvo, reduzindo a sua absorcio sistémica e os seus efeitos
colaterais indesejaveis, e discutem perspectivas futuras.

Descritores: Lentes de contacto; Sindrome de olho seco; Glaucoma; Alergia; Queratite; Biodisponibilidade; Tempo de perma-
néncia; Impressdo molecular; Nanoparticulas
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INTRODUCTION

successful polymeric contact lense (CL) material
introduced in the market in the 1960s. These CLs are

rigid, time consuming to fit and not very comfortable to wear.
Research into new types of polymers led to the development of
hydrogels, the first biomaterials designed for clinical use. They
consist of a cross-linked polymeric network with a high capacity
of water absorption and have been extensively used in numerous
biomedical applications since the early 1960s. In 1965 Wichterle
at al. pioneered the suggestion of their potential use in ophthalmic
drug delivery as bandage soft CLs (SCL). Although the new
materials were quite hydrophilic, which kept the lens soft and
flexible, their gas-permeability was still low. The introduction of
highly permeable silicone hydrogel (SH) in the late 1990s
overcame SCLs’ insufficient oxygen transmission to the cornea.
SHCLs represented a significant leap for further research on
CLs as ophthalmic drug controlled release systems (DCRS).

Several factors emphasize their singular importance in the
field of ocular therapeutics: the approximately 125 million
worldwide CL wearers; well-studied CL biocompatibility and
transparency; the familiarity of their use with minimal effect on
ocular functions and a large residence time in the eye. Eye
physiological and anatomical constraints compromise the correct
drug concentration and optimal absorption of pharmacological
agents at the specific action site requiring multiple dosage of eye
drops eventually associated with noncompliance, overdosing and
unwanted systemic side effects. The latter are especially important
in chronic ocular diseases such as glaucoma, allergy and dry eye
as in those requiring a timely and effective control, as infectious
keratitis and corneal wound healing. **

Drug Routes, Ocular Surface and Effectiveness Constraints

The three main routes of administration of ocular
medication are systemic, intraocular and topical. Effective
systemic delivery requires a high drug concentration to achieve
a therapeutically effective dose within the eye. Intraocular drug
administration is effective but as with any invasive procedure it
carries a not insignificant risk, especially if repeated treatments
are required. Topically applied medication represents
approximately 90% of aqueous ophthalmic formulations. They
are simple to formulate, have minimal storage limitations and
can be self-administered. However, significant drug losses occur
with this administration form, which limit its therapeutic efficiency.
Understanding the structure of the ocular surface, tear drainage
physiology and drug diffusion mechanisms can shed an
understanding on ocular drug pharmacokinetic and the reasons
for such inefficiency. *1°

If the human tear film is approximately 7 il, a 30 il eye drop
is rapidly squeezed out of the eye, the remainder being mixed in
the tear volume with an estimated residence time of
approximately 2 - 3 minutes. The conjunctiva presents a higher
permeability than the cornea due to its vascularized nature and
an area that is approximately 16 - 18 times larger. Thus, most of
the solutes are absorbed by the conjunctiva, drained by the lacri-
mal system into the nose and enter the systemic circulation with
potential unwanted systemic side effects. In this context, only 1-
7% of the medication within an eye drop reaches the target
tissue with effective therapeutic effect thus justifying multiple
dosing over extended periods with potential association with
low compliance or drug overdosing. * 101!

P oly (methyl methacrylate) (PMMA) was the first
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The precorneal tear film allows corneal hydration and
provides an epithelium-tear interface able to create a high
refractive index. It presents an inner mucous layer anchored by
microvilli to the epithelium, a middle aqueous layer with mucin
and free lipid and an external thin lipid layer. It is divided into
three compartments: precorneal, conjunctiva and tear menisci
and is bounded by the corneal and the conjunctiva epithelia.
CLs divide the tear film into a pre-lens tear film (PLTF) and a 4
micra thick post-lens tear film or pre-ocular tear film (POLTF),
through which CL drug diffusion occurs. Eye opening leads to a
limited drug release towards the PLTF and the CL motion
promotes drug diffusion from the POLTF into the cornea or
radially outwards from the CL into the tear lake '

The cornea is a multilayer structure with epithelium, stroma,
and endothelium separated by the Bowman and Descemet’s
membranes. The cornea has both lipophilic and hydrophilic
properties, which explains a transport resistance to hydrophilic
drugs of approximately 90% and about 10% to hydrophobic
preparations. Corneal diffusion is the main route for topically
applied drug absorption leaving a lesser role for the conjunctival/
scleral route to play in. Corneal epithelium is a stratified layer
presenting Ca2+-dependent membrane adherent regions (zonula
occludens, zonula adherens and desmosomes) creating tight
junctions, highly resistant to drug diffusion. Bowman’s membrane
is a transitional and acellular structure approximately 8-14 im
thick. Corneal stroma is a gel-like layer with 80% of water, collagen,
mucopolysaccharides and proteins, and represents approximately
90% of the total thickness (around 500 im) of the cornea. Due to
solubility and partition coefficient limitation it shows significant
diffusion resistance for lipophilic drugs and minimal for
hydrophilic drugs. Descemet’s membrane is an approximately 6
im thick membrane deposited by the endothelial cells. These
loose epithelia-like cells regulate stromal hydration and maintain
the cornea transparent. They form a monolayer of cells of about
13 im of thickness, the endothelium that provides little resistance
to paracellular drug transportation. 11213

The conjunctiva comprises several layers of epithelial and
goblet cells that line the palpebral, culs de sac and the bulbar
ocular surface to the corneal limbus. Most of the apical epithelial
cells express mucin on their surface to create a protective
glycocalyx. Goblet cells secrete gel-forming mucins that are
relevant for eye lubrication and protection. The lacrimal gland
produces smaller mucins. Diffusion through conjunctival
epithelial cells follows a para-cellular path, ion channels, water
channels, co-transporters, and transport pumps for ion, glucose,
and water located in the cell membrane. '* 3

Drainage of the tear film from the eye is an active process
that depends on blinking.> 1

New delivery systems and devices to improve drug
bioavailability

Morrison and Khutoryanskiy categorize the strategies to
promote drug residence time and diffusion into the eye into
three groups: Drug Solubility and Penetration Enhancement,
Ocular Implants and Drug Retention from which we will
emphasize CLs! (Table 1).

Hydrotropic compounds improve aqueous drug solubility
of poorly water-soluble compounds. Hydrotropes, such as
caffeine, urea and nicotinamide enhance the solubility of
riboflavin, while cyclodextrins form drug complexes with steroids,
carbonic anhydrase inhibitors, pilocarpine and cyclosporine A
(CyA), which are too large to partition to the cornea. Formulating
for higher drug concentration also increases bioavailability. The
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Table 1

Strategies to promote drug bioavailability.
Adapted from Morrison and Khutoryanskiy *

STRATEGIES TO PROMOTE DRUG BIOAVAILABILITY

Solubility and Penetration Enhancement

Hydrotropic compounds and higher drug concentration
formulations.

Penetration enhancer formulations.

Ocular Implants
Implantable devices able to reside within the eye.

Retention Strategies

Viscosity-enhancing polymers, in situ gels and bio-adhesive
formulations.

Ocular inserts to place and retain the agent in immediate
contact with target tissue.

incorporation of compounds able to modify the corneal epithelia
improves drug penetration and tissue drug partitioning.
Benzalconium cloride (BAC), commonly used as a preservative
in ocular drug formulations, cetylpyridinium chloride (CPC),
ethylenediaminetetraacetic acid (EDTA), polyoxyethylene
strearyl ether (PSE) and polyethoxylated castor oil (PCO) are
examples of such compounds with well-known ocular surface
toxic effects. 131

Intraocular lenses such as ocular implants can be modified
to provide a controlled release of pharmacological agents and
prevent intraocular inflammation, infection and lens posterior
capsule opacification. There are already available in the market
injectable intraocular implants to treat several chronic eye
diseases ensuring a drug sustained release for 2.5-3 years:
Tluvien™ (Alimera Sciences Inc.) for diabetic macular edema,
RetisertO (Baush &Lomb) and OzurdexO (Allergan) for
chronic non-infectious posterior uveitis and Durasert™ (Pfizer
Inc.) for glaucoma. *17-18

Several drug retention strategies have been pursued to
minimize the need for repeated treatments, especially in chronic
diseases. They comprise viscosity-enhancing polymers, “in situ”
gels undergoing phase transition from liquid to gel under
physiological conditions, mucoadhesives and mucus-covered
mucosal epithelial membranes, and nanoparticles drug-delivery
systems as submicron structures in which drugs can be attached
or encapsulated. Submicron-sized liposomes (ssLips) formulated
as eye drops were effective in delivering coumarin-6 to the reti-
na. Ocular inserts are drug-loaded devices designed to deliver a
sustained drug release in direct contact with the conjunctiva or
with the cornea and finally dissolve, erode or biodegrade.
Ocusert® (Alza Corporation, Palo Alto) could deliver pilocarpine
at either 20 ig/h or 40 ig/h. Ocufit SR® (Escalon® Medical Corp)
is a silicone elastomer rod-shaped device to be placed in the
lower conjunctival fornix. Minidisc Ocular Therapeutic System
(OTS, Bausch & Lomb, UK) is a drug-loaded polymer disc (4-5
mm) to be placed on the upper or lower fornix and deliver
gentamicin or sulfisoxazole over a period of 3 to 14 days. The
human amniotic membrane can be used as a drug-loaded ocular
device to deliver ofloxacin for up to 7 hours in vitro. CLs are
hard or soft ocular insert devices designed to fit directly onto the
cornea, up to now, mainly to correct ametropia. SCLs are
produced from hydrophilic or hydrophobic hydrogel polymers.
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They can soak a large volume of aqueous solution relative to
their anhydrous form with sufficient pharmaceutically active
content able to diffuse from the polymer matrix into the tear
film, bathe the eye and interact with the ocular tissue. Antibiotic
and anti-inflammatory medication can be combined with a
bandage CL to effectively manage ocular trauma, post-surgery
conditions and promote epithelization. Several commercially
available CLs were FDA approved to serve this purpose: Pure
Vision (balafilcon A, Bausch+Lomb), Acuvue 2 (etafilcon A,
Vistakon Inc.), Acuvue Oasys (senofilcon A, Vistakon Inc.), and
Air Optix Night & Day (lotrafilcon A, Alcon). 13151

Generating Contact Lense based Drug Controlled Release
Systems and Clinical Applications

The three main objectives underlying the development of
DCRS based on CLs to enhance effective drug delivery are:

1. To improve and extend CL wear tolerance by incorpo-

rating anti dry eye and allergy agents’ formulations.
2.To enhance patient compliance and reduce unwanted

systemic side effects especially in chronic diseases such

as glaucoma and dry eye whilst correcting ametropia.

3. To manage corneal wound healing such as “bandage

lenses” by incorporating antimicrobial or anti-inflamatory
agents.

Offering a higher drug bioavailability to the cornea than
conventional forms of treatment, CLs look the ideal carrier for
ocular medication. Several strategies have been attempted to
extend drug residence time and improve bioavailability including:
soaking, incorporation of diffusion barriers, functional
monomers, ligands, colloidal nanoparticles, molecular imprinting,
and surface multi layering. © (Figure 1).
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Figure 1: Schematic diagram of strategies commonly used to improve
drug release behavior from drug loaded CLs: 1- Soaking, 2-
Incorporation of diffusion barriers such as vitamin E, 3- Incorporation
of ligands/functional monomers in the polymeric matrix, 4- Molecular
imprinting 5- Incorporation of drug-loaded nanoparticles or other
colloidal nanostructured systems and 6- Surface coating by multi-
layering colloidal nanoparticles and ligands.

CLs drug soaking is the earliest and simplest procedure to
prepare drug lense combinations. The hydrophilic matrix of SCLs,
ranging from 30 to 80 percent water, can absorb the drug from a
soaking solution till equilibrium and then release it by simple
diffusion when inserted in the eye. Intraocular pressure
decreased from 55.6 to 30.0 mm Hg after two hours’ use of a 1%
pilocarpine loaded CL following this process, to treat acute angle
closure glaucoma. Assays with SCL hydrogels of poly (2-
hydroxyethyl methacrylate) (pHEMA) loaded in drug solutions
containing, pilocarpine, levofloxacin, chlorhexidine, timolol and
dexamethasone have demonstrated dynamic drug diffusion.
More recently epidermal growth factor-soaked CLs have shown
a positive therapeutic effect in a rabbit model wound healing
and improved the healing time in non-significantly inflamed
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corneas of patients with delayed corneal re-epithelization when
compared to saline-soaked CLs. 2

SCL drug absorption and release is drug specific. Drug
uptake depends on factors such as CL thickness and water
content, the drug’s molecular weight and gel matrix solubility.
Similar CLs could absorb 7 to 8 mg of cromolyn sodium whereas
only 0.07 mg of dexamethasone sodium phosphate. For most
tested compounds such as prednisolone, pilocarpine, and
ciprofloxacin, release by hydrophilic CLs was complete within 1
to 3 h, whereas ketotifen fumarate eluted from SHCLs over
approximately 4-5 hours. %

In vitro release studies are commonly carried out in
conditions that are far from simulating the physiological delivery
conditions. In order to more reliably predict the drug’s release
kinetics in the eye, it is crucial to develop microfluidic models
that mimic, as closely as possible, the hydrodynamic conditions
of the eye such as volume of liquid in contact with the ocular
surface and tear flow rate.

Although simple, the drug loading method by soaking is
limited by the rapid drug release and will be more appropriate
to produce daily disposable therapeutic CLs. Research is now
focused on novel approaches to control drug release. Several
processes have been attempted to create additional barriers to
CL drug release and generate ocular surface drug delivery over
time at the correct dosage. 3!

Vitamin E aggregates incorporated within SHCLs block
UV radiation and create a hydrophobic diffusion barrier to rapid
drug diffusion without compromising proper oxygen
permeability, ion permeability, and light refractive properties.
Vitamin E loading proved to be very effective in increasing release
duration of lidocaine, CyA, timolol, levofloxacin, chlorhexidine,
dorzolamine, dexpantenol, betaine, dexamethasone and
betamethasone, from hours to several days. %’

Research on dry eye management has been increasingly
focusing on the inflammatory aspect and CyA was FDA
approved to treat moderate-to-severe dry eye disease. SHCLs
were able to keep CyA delivery rates within therapeutic levels
for 14 days. Vitamin E loaded CLs provided a CyA extended
release up to one month. /n vivo transport and toxicity studies
are needed to assure the benefits of extended wear CLs for this
purpose. CLs loaded with 30% of vitamin E showed a
dexamethasone release time extended to 7-9 days for
ACUVUE(®) OASYS™, NIGHT&DAY™ and O(2)OPTIX™,
which is a 9 to 16 fold increase compared to drug release duration
by CLs without vitamin E loading 3%

Serro et al. also showed that vitamin E loaded commercial
CLs presented a significant increase of clorhexidine and
levofloxacin release duration while retaining critical properties
for in vivo use. »

Weak interactions between drugs and polymer ligands
include hydrogen bonds, electrostatic interactions and host-guest
interactions. They can induce drug loading and controlled release
by ions in solution. Based on ion-exchange reaction these ligands
store anionic or cationic drugs depending on the charge of their
functional groups. Hydrogels containing cationic functional
groups suit the delivery of anionic drugs whereas those containing
anionic functional groups the release of cationic drugs. However,
sustained release of these ions ligand-containing hydrogels last
only several hours, making them unsuitable for extended drug
delivery. Cyclodextrins (CDs) have hydrophobic internal cavities
that can include “guest” drug molecules. Poly(2-hydroxyethyl
methacrylate) hydrogels containing a-cyclodextrin (pHEMA/a-
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CD) have been investigated as a platform for sustained release
of ophthalmic drugs. Incorporation of hyaluronic acid into
hydrogels allowed timolol and ciprofloxacin release for a
prolonged period. 3%

The incorporation of functional monomers able to interact
with the drug in the hydrogels may prolong release duration.
Increased interaction of the drug with these monomers delays
its diffusion from the hydrogel. For example, the combination of
the hydrophobic monomer 3-(trimethoxy-silyl) propyl
methacrylate and the ionic monomer N,N-dimethylaminoethyl
methacrylate improved insulin and protamine loading and
allowed their extended release from pHEMA SCLs. Andrade-
Vivero et al. reported that the incorporation of 4-vinyl-pyridine
(VP) and N-(3-aminopropyl) methacrylamide (APMA)
monomers increased the amount of loaded ibuprofen up to 10-
fold and diclofenac up to 20-fold without compromising lens
properties. The sustained drug release process from pHEMA-
VP lasted for at least 24 hours for ibuprofen and almost 1 week
for diclofenac. Kim et al. designed a SH comprising a hydrophilic
monomer N,N-dimethylacrylamide (DMA) and a silicone
monomer methacryloxypropyltris (trimethylsiloxy)silane (TRIS),
with a new macromer bis- alpha, omega-(methacryloxypropyl)
polydimethylsiloxane (MW 7152). This extended wear SHCL
enabled an extended release of timolol, dexamethasone, and
dexamethasone 21-acetate (hydrophobic and hydrophilic drugs)
from 2 weeks to 3 months depending on the composition of the
hydrophobic and hydrophilic components. Corneal abscess and
opacity were almost healed after wearing a gatifloxacin loaded
P(HEMA-co-MAA) hydrogel CL for 48 hours. 8 !l 44

Colloidal nanoparticles are submicron-sized particles either
encapsulating or mixed with the agent molecules. Two common
forms are lipid spheres (liposomes) and colloidal polymeric
nanoparticles. Due to their excellent biocompatibility, liposomes
are promising candidates for dispersion or surface immobilization
on CLs Nanoparticles are specifically designed to present high
affinity for the drug of interest, being either dispersed in the
matrix or coating the surface of the CL. Once inserted in the eye
the agent diffuses out of the CL matrix away from the
nanoparticle towards the tear film. Nanosphere - encapsulated
ciprofloxacin incorporated into HEMA-based CL (Acuvue;
Johnson & Johnson Vision Care, Inc., Jacksonville, FL) provided
a sustained and effective bactericidal activity. Timolol-loaded
nanoparticle incorporated in HEMA-based CLs maintained drug
stability under refrigerated conditions and the temperature
change promoted the drug release upon CL insertion.
Nanoparticle loaded gels released timolol in phosphate buffered
saline (PBS) for 2-4 weeks within therapeutic levels, looking
promising for extended drug release applications. Sustained and
effective bactericidal activity was provided by conventional
hydrogel CLs incorporating nanosphere-encapsulated
ciprofloxacin. 8 114654

Molecular imprinting consists of creating a template based
on a macromolecular memory within a flexible network with a
higher affinity towards a drug molecule. Functional monomers
thus generated, should favorably interact with a specific drug
and this change in formulation improves drug uptake and
prolongs delivery. Commonly used monomers for CLs include
acrylic acid (AA), acrylamide (AM), methacrylic acid (MAA),
methyl methacrylate (MMA) and N-vinyl 2-pyrrolidone (NVP).
Increased partitioning due to imprinting depends on the fraction
of the functional monomers in CLs, temperature, pressure, drug-
functional monomer ratio, initiator concentration and degree of
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crosslinking. Imprinted hydrogels composed of HEMA and
small amounts of MAA presented higher timolol uptake (12mg
timolol/g dry hydrogel) than non-imprinted gels and a drug
release during 8-10h. Ketotifen fumarate loading was 6-fold
greater in the highest functionalized imprinted hydrogels and
their diffusion coefficients were 10 times lower than in less
functionalized hydrogels. %

Timolol is the most commonly used drug in imprinting
studies but hyaluronic acid, diclofenac, ibuprofen, norfloxacin,
ketotifen fumarate, acetazolamide, ciprofloxacin and
prednisolone have also been studied.”! 8062

Despite being different from typical functional monomers
used in molecular imprinting, hyaluronic acid proved to be useful
in modifying the drug release curve from model SH lenses having
shown a controlled release over 24 hours. As a wetting agent,
hyaluronic acid enhances comfort and additionally promotes
corneal wound healing and epithelial cell migration,.”

Layer-by-layer platforms have been applied for drug
delivery due to its simple and mild aqueous manufacturing
conditions at room temperature. By sandwiching a poly[lactic-
co-glycolic acid] layer (PLGA) in a 100 micron thick gel extended
release of timolol and dexamethasone was achieved from 2 weeks
to 3 months . Hydrogel containing a layer of ciprofloxacin loaded
PLGA film sandwiched between layers of pHEMA was able to
release medication for an extended period and prevent bacterial
growth. Chitosan/alginate layers were tested to control the release
of different ophthalmic drugs from a silicone-based hydrogel. A
double layer of this coating led to a controlled release of diclofenac
for one week. 6%

Perspectives and Summary

Research in CL based DCRS shows promising results in a
wide variety of situations such as a potential application to treat
posterior segment diseases and a platform to culture and transfer
limbal cells to treat limbal stem cell deficiency. In vitro experi-
mental results and mathematical modeling suggested that a single
CL worn for about 2 hours achieved the same therapeutic effects
as hourly instillation of eye drops in controlling corneal cysteine
crystals deposition in cystinosis. CL based DCRS can work as a
responsive drug delivery platform to environmental triggers such
as temperature, pH, ionic interactions or light stimulation. They
can assist in the management of corneal persistent epithelial
defects by using bandage CLs soaked in vibronectine, a protein
that expedites corneal epithelial wound healing and in treating
fungal keratitis with CLs as drug reservoir releasing agents for
up to 21 days. 7

Nevertheless, several challenges remain to extend this
treatment option to the general population due to CLs’ increased
risk of infection, to processing, storage, safety, cost-benefit and
regulatory issues. To our knowledge, a ketotifen-CL combination
(Vistakon/Johnson&Johnson) for patients with allergic
conjunctivitis (NCT 00432757) and a plant polysaccharide
lubricant alginic acid—-CL combination for dry eye CL wearers
(NCT 01918410) represent an effort in the clinical application of
these systems. 777

In summary CLs as DCRS are emerging as an effective
treatment option for several ocular disorders, including those
that can compromise a comfortable and safe CL wear such as
glaucoma, allergy and dry eye. By improving bioavailability and
effective localized drug delivery these systems can enhance patient
compliance, reduce overdosing and avoid unwanted side effects,
whilst correcting ametropia. They promote the safe and
comfortable wearing of CLs by the incorporation of wetting
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agents, provide a timely and efficient medication release in corneal
epithelial defect, treat infection and promote healing.

Drug incorporation in CLs can be achieved with several
techniques from which soaking is the earliest. There is exciting,
ongoing research on techniques to increase drug retention on
ocular surface and obtain a sustained release within therapeutic
levels. The incorporation of vitamin E, ligands, functional
monomers, drug-loaded nanoparticles, molecular imprinting, and
layering are under study. An ideal CL drug delivery system should
involve high drug loading and controllable drug release without
compromising the biomaterial properties of CLs.

ACKNOWLEDGMENTS

The authors wish to thank the Foundation for Science and
Technology FCT for funding through the projects UID/QUI/
00100/2013, M-ERA.NET/0005/2012 and M-ERA.NET/0007/
2012

REFERENCES

1. Kopeeek J. Hydrogels from soft contact lenses and implants to
self-assembled nanomaterials. J Polym Sci A Polym Chem.
2009:;47(22):5929-46.

2. Gonzélez-Chomén C, Concheiro A, Alvarez-Lorenzo C. Soft con-
tact lenses for controlled ocular delivery: 50 years in the making.
Ther Deliv. 2013;4(9):1141-61.

3. Chauhan A. Ocular Drug Delivery: Role Of Contact Lenses. Delhi
J Ophthalmol. 2015;26:131-5.

4. Hoffman A. Hydrogels for biomedical applications. Adv Drug
Deliv Rev. 2002; 54(1): 3-12.

5. Gooch N, Molokhia SA, Condie R, Burr RM, Archer B, Ambati
BK, et al. Ocular drug delivery for glaucoma management. Phar-
maceutics. 2012; 4(1):197-211.

6. Gupta H, Aqil M. Contact lenses in ocular therapeutics. Drug
Discov Today. 2012;17(9-10):522-7.

7. White CJ, Byrne ME. Molecularly imprinted therapeutic contact
lenses. Expert Opin Drug Deliv. 2010; 7(6):765-80. (

8. Guzman-Aranguez A, Colligris B, Pintor J. Contact lenses: prom-
ising devices for ocular drug delivery. J Ocul Pharmacol Ther.
2013;29(2):189-99.

9. Phan CM, Hui A, Subbaraman L, Jones . Insights to using contact
lenses for drug delivery. Clin Exp Pharmacol. 2014; 3:145.

10. Gause S, Hsu KH, Shafor C, Dixon P, Powell KC, Chauhan A.
Mechanistic modeling of ophthalmic drug delivery to the ante-
rior chamber by eye drops and contact lenses. Adv Colloid Inter-
face Sci. 2015. pii: S0001-8686(15)00142-6. doi: 10.1016/
j.cis.2015.08.002.

11. Bengani LC, Hsu KH, Gause S, Chauhan A. Contact lenses as a
platform for ocular drug delivery. Expert Opin Drug Deliv.
2013;10(11):1483-96.

12. Morrison PW. Khutoryanskiy VV. ( Enhancement in corneal per-
meability of riboflavin using calcium sequestering compounds.
Int J Pharm. 2014; 472(1-2): 56-64.

13. Jha G, Kumar A. Drug delivery through soft contact lenses: An
introduction. Chron Young Sci. 2011;2:3-6.

14. Morrison P WJ, Khutoryanskiy VV. Advances in ophthalmic drug
delivery. Ther Deliv. 2014; 5(12):1297-315.

15. Hu X , Hao L, Wang H, Yang X, Zhang G, Wang G, Zhang X.
Hydrogel contact lens for extended delivery of ophthalmic drugs.
Int J Polymer Sci. 2011. Article ID 814163. http://dx.doi.org/
10.1155/2011/814163

Rev Bras Oftalmol. 2016; 75 (3): 241-7



246

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Filipe HP, Henriques J, Reis P, Silva PC, Quadrado MJ, Serro AP

Kim JY, Kim S, Papp M, Park K, Pinal R. Hydrotropic solubilisation
of poorly water-soluble drugs. J Pharm Sci. 2010; 99(9): 3953-65.
Sanford M .Fluocinolone acetonide intravitreal implant (Iluvien®):
in diabetic macular oedema. Drugs. 2013;73(2):187-93.

Arcinue CA, Cerén OM, Foster CS. A comparison between the
fluocinolone acetonide (Retisert) and dexamethasone (Ozurdex)
intravitreal implants in wuveitis. J Ocul Pharmacol
Ther. 2013;29(5):501-7.

Bethke W. New frontiers in sustained release an update on the
most viable strategies for releasing glaucoma drugs over time.
Rev Ophthalmol. 2015; June. Available from: http://
www.reviewofophthalmology.com/content/t/new_technology/c/
55174/ , last accessed in March, 2016

Inokuchi Y, Hironaka K, Fujisawa T et al. Physicochemical prop-
erties affecting retinal drug / coumarin-6 delivery from
nanocarrier systems via eyedrop administration. Invest
Ophthalmol Vis Sci.2010; 51(6): 3162-70.

Dixon P, Shafor C, Gause S, Hsu K-H, Powell KC, Chauhan A.
Therapeutic contact lenses: a patent review. Expert Opin Ther
Pat. 2015;25(10):1117-29.

Guzman-Aranguez A, Fonseca B, Carracedo G, Martin-Gil A,
Martinez-Aguila A, Pintor J. Dry Eye treatment based on contact
lens drug delivery. A review. Eye Contact Lens. 2015 Sep 14;1.
Hillman JS. Management of acute glaucoma with pilocarpine-
soaked hydrophilic lens. Br J Ophthalmol. 1974;58(7):674-9.
Holland S, Morck D, Schultz C. Treatment of corneal defects with
delayed re-epithelization with a medical device/drug delivery
system for epidermal growth factor. Clin Experiment
Ophthalmol.2012; 40(7):662-8.

Jain MR. Drug delivery through soft contact lenses. Br J
Ophthalmol.1988; 72(2):150—4.(

Li CC, Chauhan A. Ocular transport model for ophthalmic deliv-
ery of timolol through p-HEMA contact lenses. J Drug Deliv Sci
Tech. 2007;17(1):69-79.

Kim J, Chauhan A. Dexamethasone transport and ocular deliv-
ery from poly(hydroxyethyl methacrylate) gels. Int J Pharm.
2008; 353(1-2):205-22.

Lu C, Mikhail AS, Wang X, Brook MA, Allen C. Hydrogels con-
taining core cross-linked block co-polymer micelles. J Biomater
Sci Polym Ed. 2012;23(8):1069-90.

Karlgard CC, Wong NS, Jones LW, Moresoli C. In vitro uptake and
release studies of ocular pharmaceutical agents by silicon con-
taining and p-HEMA hydrogel contact lens materials. In J Pharm.
2003; 257(1-2):141-51.

Ahmadi F, Oveisi Z, Samani SM, Amoozgar Z. Chitosan based
hydrogels: characteristics and pharmaceutical applications Res
Pharm Sci. 2015;10(1):1-16.

Carvalho IM, Marques CS, Oliveira RS, Coelho PB, Costa PC,
Ferreira DC. Sustained drug release by contact lenses for glau-
coma treatment-a review. J Control Release. 2015; 202:76-82.
Hsu K-H, Carbia BE, Plummer C, Chauhan A. Dual drug delivery
from vitamin E loaded contact lenses for glaucoma therapy. Eur
J Pharm Biopharm. 2015; 94:312-21.

Hsu K-H, de la Jara PL, Ariyavidana A, Watling J, Holden B,
Garrett Q, et al. Release of betaine and dexpanthenol from
vitamin E modified silicone-hydrogel contact lenses. Curr Eye
Res. 2015;40(3):267-73.

Rad MS, Sajadi Tabassi SA, Moghadam MH, Mohajeri SA. Con-
trolled release of betamethasone from vitamin E-loaded silicone-
based soft contact lenses. Pharm Dev Technol. 2015 Sep 3;1-6.
Paradiso P, Serro AP, Saramago B, Colago R, Chauhan A. Con-
trolled release of antibiotics from vitamin e-loaded silicone-hy-
drogel contact lenses. J Pharm Sci. 2016;105(3):1164-72.
Ribeiro A, Veiga F, Santos D, Torres-Labandeira JJ, Concheiro A,
Alvarez-Lorenzo C. Bioinspired imprinted PHEMA-hydrogels
for ocular delivery of carbonic anhydrase inhibitor drugs.
Biomacromolecules.2011;12(3):701-9.

Rev Bras Oftalmol. 2016; 75 (3): 241-7

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Peng CC, Chauhan A. Extended Cyclosporine delivery by sili-
cone hydrogel contact lenses. J Control Release. 2011; 154(3):
267-74

Kim J, Peng C-C, Chauhan A. Extended release of dexametha-
sone from silicone-hydrogel contact lenses containing vitamin E.
J Control Release .2010;148(1):110-6.

Peng CC, Kim J, Chauhan A. Extended delivery of hydrophilic
drugs from silicone-hydrogel contact lenses containing vitamin E
diffusion barriers. Biomaterials. 2010; 31(14): 4032-47.

Sato T, Uchida R, Tanigawa H, Uno K, Murakami A.
Application of polymer gels containing side-chain phosphate
groups to drug-delivery contact lenses. J Appl Polymer Sci. 2005;
98(2): 731-5.

Paula AV, Elena FG, Carmen AL, Angel C. Improving the loading
and release of NSAIDs from pHEMA hydrogels by copolymer-
ization with functionalized monomers. J Pharm Sci. 2007;
96(4):802-13.

Morrison PWJ, Connon CJ, Khutoryanskiy VV. Cyclodextrin-
mediated enhancement of riboflavin solubility and corneal per-
meability. Mol Pharm. 2013; 10(2): 756-62. (

ShiY,Lv H, Fu Y, Lu Q, Zhong J, Ma D. Preparation and charac-
terization of a hydrogel carrier to deliver gatifloxacin and its
application as a therapeutic contact lens for bacterial keratitis
therapy. Biomed Mater. 2013;8(5):055007.

Brahim S, Narinesingh D, Guiseppi-Elie A. Release characteris-
tics of novel pH sensitive p(HEMA-DMAEMA) hydrogels con-
taining 3-(trimethoxy-silyl) propyl methacrylate.
Biomacromolecules. 2003;4:1224-31. (

Andrade-Vivero P, Fernandez-Gabriel E, Alvarez-Lorenzo C,
Concheiro A. Improving the loading and release of NSAIDs from
pHEMA hydrogels by copolymerization with functionalized mono-
mers. J Pharm Sci. 2007;96(4):802-13.

Garhwal R, Shady SF, Ellis EJ, Ellis JY, Leahy CD, McCarthy SP,
et al. Sustained ocular delivery of ciprofloxacin using nanospheres
and conventional contact lens materials. Invest Ophthalmol Vis
Sci. 2012 ;53(3):1341-52.

Jung HJ, Chauhan A. Temperature sensitive contact lenses for
triggered ophthalmic drug delivery. Biomaterials. 2012
;33(7):2289-300.

Danion A, Brochu H, Martin Y, Vermette P. Fabrication and
characterization of contact lenses bearing surface-immobilized lay-
ers of intact liposomes. J Biomed Mater Res A. 2007; 82(1): 41-51.
Ciolino JB, Hudson SP, Mobbs AN, Hoare TR, Iwata NG, Fink GR.
A prototype antifungal contact lens. Invest Ophthalmol Vis Sci.
2011; 52(9):6286-91.

Gulsen D, Chauhan A. Ophthalmic drug delivery through contact
lenses. Invest Ophthalmol Vis Sci. 2004; 45(7):2342-7.

Gulsen D, Chauhan A. Dispersion of microemulsion drops in
HEMA hydrogel: a potential ophthalmic drug de- livery vehicle.
Int J Pharm. 2005; 292(1-2):95-117.

Sung AY, Kim TH. Ophthalmic application of poly (HEMA)s
containing nanoparticles and dimethylacrylamide. J Nanosci
Nanotechnol. 2012;12(7):5210-5.(

Gupta H, Aqil M, Khar RK, Bhatnagar A, Mittal G. Nanoparticles
laden in situ gel for sustained ocular drug delivery. ] Pharm
Bioallied Sci. 2013; 5(2):162-5. (

Gulsen D, Li CC, Chauhan A. Dispersion of DMPC liposomes in
contact lenses for ophthalmic drug delivery. Curr Eye Res.
2005:;30(12):1071-80.

Tieppo A, White CJ, Paine AC, Voyles ML, McBride MK, Byrne
ME. Sustained in vivo release from imprinted therapeutic con-
tact lenses. J Control Release. 2012; 157(3):391-7.

Venkatesh S, Saha J, Pass, S, Byrne ME. Transport and structural
analysis of molecular imprinted hydrogels for controlled drug
delivery. Eur J Pharm. Biopharm. 2008;69(3):852-60.



Contact lenses as drug controlled release systems: a narrative review

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Venkatesh S, Sizemore SP, Byrne ME. Biomimetic hydrogels for
enhanced loading and extended release of ocular therapeutics.
Biomaterials. 2007;28(4):717-24.

Ali M, Horikawa S, Venkatesh S, Saha J, Hong JW, Byrne ME.
Zero-order therapeutic release from im- printed hydrogel con-
tact lenses within in vitro physiological ocular tear flow. J Control
Release. 2007;124(3):154-62.

Hiratani H, Fujiwara A, Tamiya Y, et al. Ocular release of timolol
from molecularly imprinted soft contact lenses. Biomaterials.
2005;26(11):1293-8.

Hui A, Willcox M, Jones L. In vitro and in vivo evaluation of novel
ciprofloxacin-releasing silicone hydrogel contact lenses. Invest
Ophthalmol Vis Sci. 2014 ;55(8):4896-904.

Hiratani H, Fujiwara A, Tamiya Y, Mizutani Y, Alvarez-Lorenzo
C. Ocular release of timolol from molecularly imprinted soft
contact lenses, Biomaterials. 2005; 26(11):1293-8.

Hiratani H, Mizutani Y, Alvarez-Lorenzo C. Controlling drug
release from imprinted hydrogels by modifying the characteristics
of the imprinted cavities, Macromol Biosci. 2005;5(8):728-33.
Guidi G, Korogiannaki M, Sheardown H. Modification of timolol
release from silicone hydrogel model contact lens materials using
hyaluronic acid. Eye Contact Lens. 2014;40(5):269-76.

Bengani LC, Chauhan A. Extended delivery of an anionic drug
by contact lens loaded with a cationic surfactant. Biomaterials.
2013;34(11):2814-21.

Ciolino JB, Hoare TR, Kohane DS. Contact lens drug delivery
device. US patent 0329637 A1:2010.

Ciolino JB, Hoare TR, Iwata NG, Behlau I, Dohlman CH, Langer
R, Kohane DS. A drug-eluting contact lens. Invest Ophthalmol
Vis Sci. 2009;50(7):3346-52.

Brown KD, Low S, Mariappan I, Abberton KM, Short R, Zhang H,
et al. Plasma polymer-coated contact lenses for the culture and
transfer of corneal epithelial cells in the treatment of limbal stem
cell deficiency. Tissue Eng Part A. 2014; 20(3-4):646-55.

Hsu K-H, Fentzke RC, Chauhan A. Feasibility of corneal drug
delivery of cysteamine using vitamin E modified silicone hydro-
gel contact lenses. Eur J Pharm Biopharm. 2013;85(3):531-40.
Tavazzi S, Ferraro L, Cozza F, Pastori V, Lecchi M, Farris S, et al.
Hydrogen peroxide mechanosynthesis in siloxane-hydrogel con-
tact lenses. ACS Appl Mater Interfaces. 2014;6(22):19606-12.

247

70. Chow S, Di Girolamo N. Vitronectin: a migration and wound heal-
ing factor for human corneal epithelial cells. Invest Ophthalmol
Vis Sci. 2014;55(10):6590-600.

71. Phan C-M, Subbaraman LN, Jones L. In vitro drug release of
natamycin from 4a-cyclodextrin and 2-hydroxypropyl-a-
cyclodextrin-functionalized contact lens materials. J Biomater
Sci Polym Ed. 2014; 25(17):1907-19.

72. Phan C-M, Subbaraman L, Jones L. Contact lenses for antifungal
ocular drug delivery: a review. Expert Opin Drug Deliv.
2014;11(4):537-46.

73. Phan C-M, Subbaraman L, Liu S, Gu F, Jones L. In vitro uptake and
release of natamycin Dex-b-PLA nanoparticles from model con-
tact lens materials. J Biomater Sci Polym Ed. 2014; 25(1):18-31.

74. Hsu K-H, Gause S, Chauhan A. Review of ophthalmic drug delivery
by contact lenses. J Drug Deliv Sci Technol. 2014; 24(2):123-35.

75. Abelson MB, McLaughlin Putting Your Contacts to Work. At-
tempts to engineer contact lenses that also elute therapeutic
drugs face hurdles in both the world of lenses and of drugs. Rev
Ophthalmol. 2015; May. [cited 2016 Mar 12]. Available from:
http://www.reviewofophthalmology.com/content/d/
therapeutic_topics/i/3164/c/52895/.

76. Schultz C, Breaux J, Schentag J, Morck D. Drug delivery to the
posterior segment of the eye through hydrogel contact lenses.
Clin Exp. Optom. 2011; 94(75):212-8.

77. Hironaka K, Inokuchi Y, Tozuka Y, Shimazawa M, Hara H,
Takeuchi H. Design and evaluation of a liposomal delivery sys-
tem targeting the posterior segment of the eye. ] Control Re-
lease. 2009; 136(3):247-53.

Corresponding Author:

Helena Prior Filipe

Departament of Ophthalmology, Hospital of the Armed Forces -
Lisbon, Azinhaga dos Ulmeiros, Pago do Lumiar, 1690-020
Lisbon, Portugal - Department of Ophthalmology, Hospital of
SAMS, Rua Fialho de Almeida, 1070-128 - Lisbon, Portugal
Phone: +351967061457

E-mail: hpriorfilipe@gmail.com

Rev Bras Oftalmol. 2016; 75 (2): (3): 241-7





