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In the last decade, lipid based emulsions (LEs) have emerged as a novel tool in ophthalmic drug delivery
from the aspect of improved bioavailability (BA). Recent research is focuses on two main approaches for
BA improvement i.e., by enhancing the corneal permeability and increasing the retention time of drug on
the ocular surface. The LEs have great potential to delivery hydrophobic drug because drug molecules get
dissolve in oil globule and main advantage associated are reduced toxic effect and improved self-life of
drug molecule. Ophthalmic drug delivery is always an interesting and challenging task for the pharma-
cologists and formulation scientists due to the unique structure of eye. Development of drug delivery sys-
tem and its delivery to target receptor of the eye is very difficult for scientists due to the strong defense
mechanism of eye. In this review, the focus is to explore key concepts of ophthalmic drug delivery with
emphasis on the defense mechanisms, design considerations, and safety assessment of LEs for the ocular
drug delivery.
� 2018 Mansoura University. Production and hosting by Elsevier B.V. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Ophthalmic drug delivery is one of the foremost challenging
endeavors in the research and development of novel drug formula-
tion due to the unique structure of the eye along with the physiol-
ogy and biochemistry which restrict the free entry of the drug
molecules leading to poor BA [1]. Hence, it would be essential to
design and develop a formulation which can enhance drug target
ability, prolong the drug residence time at ocular surface and
reduce the administration frequency [2]. The main problem associ-
ated with ocular drug delivery is to maintain an optimum drug
concentration at the site of action for therapeutic response and
to attain the predictable pharmacological response. The said
problem can be resolve by exploiting the particulate novel drug
delivery systems, providing exciting opportunities for ocular drug
delivery [3]. These carriers have the ability to safeguard the encap-
sulated substances and help in the transportation to various com-
partments of the eye [4]. Various extra and intra-ocular diseases
such as glaucoma, keratitis uveitis, acute retinal necrosis, dry eye
syndromes, cytomegalovirus retinitis, macular degenerative
disease, proliferative vitreoretinopathy, etc., can be treated by the
traditional drug delivery system such as eye drops containing lipo-
philic and poorly water soluble drugs [5]. Topical delivery into the
lower cul-de-sac of eye using eye drops is the most recognizable
method for the treatment of ocular diseases [6]. But these tradi-
tional delivery systems are not only causing discomfort to the
patient, but also not able to treat efficiently or fight with the seri-
ous ocular diseases [7]. The target site for most of the ophthalmic
drugs is the anterior segment of eye, while external eye structures
are readily accessible. The biological barriers, conjunctiva, corneal
epithelium also limits the ocular drug absorption [8]. In recent
years, LEs have emerged as promising platform in ocular drug
delivery in term of improved BA. The emulsions increases the BA
by two main approaches i.e., (a) either by enhances the corneal
permeability or (b) by increasing the retention time of the formu-
lation in the ocular surface. Primarily, LEs are used for parenteral
applications to achieve fast pharmacological action recently they
are developing as a vehicle to enhance the ocular BA of lipophilic
drugs [9].
2. Types of lipid emulsion

LEs are biphasic system of immiscible liquids (either w/o or o/w
types) and one associated with stability problems occurring due to
aggregation and coalescence of the globules loading to phase
separation [10]. LEs are thermodynamically stable and colloidal
dispersion, stabilized by interfacial film of emulsifier. In ocular
drug delivery, they are associated with several advantages which
include sterilization, high clarity, and ease of preparation [11].

2.1. Oil-in-water (o/w) lipid emulsion

These types of emulsion are prepared by using of oil droplet
surrounded by surfactant film. The aqueous phase is uses as con-
tinuous phase, in which oil droplets are distributed. In this type
of emulsions, drugs are incorporated in oil phase and optimized
emulsion in best condition [12]. It offers various advantages which
include a transparent ocular drug delivery system, higher stability,
sustained effect, and drug delivery to deeper layers of the eye and
aqueous humor. Different drugs like azithromycin, difluprednate
etc has been delivered by this type of LEs.

2.2. Water-in-oil (w/o) lipid emulsion

These types of emulsion are generally used for the hydrophilic
drugs. The main advantages associated with w/o type emulsion is
spontaneous formation and thermodynamically stability [13]. It
has been used for the delivery of certain drugs like dexamethasone,
tobramycin [14], chloramphenicol [15].

2.3. Bicontinuous lipid emulsion

In this type of emulsion, oil and water both exist in continues
phase so called as bicontinuous emulsion. The rheological property
exhibits non-newtonian flow. The characteristic property is water
and oil molecule are intertwined which look like zigzag structure
[16]. A characteristic property of bicontinous emulsion is that the
aqueous and oil nano-domain are separated by surfactant mono-
layer [17]. A bicontinous emulsion silicone oil was developed and
characterized for the different parameters to show its applicability
as the cleansing agents.
3. Anatomy and functions of the eye

The eye is a spherical structure which consisting of three pro-
tecting layers i.e.; the outer layer sclera, the middle layer choroid
which include, ciliary body and iris and the inner nervous tissue
layer called retina. The sclera is dense, white, and continuous with
tough fibrous coating that protects the inner layer [18].The choroid
layer of blood vessels between the retina and sclera situated inside
the sclera contains many blood vessels and is modified the front of
the eye as pigmented iris [19]. The iris the colored part of the eye



Fig. A1. Schematic illustration of the ocular barrier against the topical delivery of lipid based emulsion.

Fig. A2. Schematic representation drug fate in ocular drug delivery.
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(in shades of blue, green, brown, hazel, or grey) regulate the entry
of light and sharpen focus and allows nourishment from the vitre-
ous to nourish the cornea. Fig. A1 shows that mainly blood aqueous
barrier, blood retinal barrier, Corneal barrier, are limits the ocular
BA of topical formulations.

4. Early approaches of ocular drug delivery

Different approaches have been utilized in ophthalmic drug
delivery since 1970s. The different considerations used shown in
Fig. A2. These techniques and approaches use dare divided into
two fundamental classes: (a) improvement of BA (b) controlled
release of drug delivered. The various drug deliveries strategies
attempted for ocular targeting are mentioned below ware
attempted with various types ocular of inserts [20].

4.1. Solutions and suspensions

Eye drops, one of the most widely used pharmaceutical forms,
are directly administered to the eye surface. But eye drops in form
of solution or suspensions have some inherent disadvantages such
as very short retention time at the eye surface, poor BA (because a
major part, i.e., 75% is lost by means of nasolacrimal drainage), less
stability of the dissolved drug, requirement of preservatives,
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leading to toxicity, and less retention on ocular surface. The differ-
ent approaches have been utilized for to prolong ocular retention of
drug in the solution state which include by enhancing the viscosity,
adjusting the pH of the solution or by preparing bioadhesive [21].

4.2. Sol to gel systems

The new ideas of delivering the drug through in situ gel in the
cul-de-sac of the eye are developing. These have been developed
as solutions or suspensions and rapid formation of sol-to-gel trans-
formation is provoked by external stimulus such as pH, tempera-
ture etc. The gelling nature provides the high consistency of
formulation in the precorneal region, which prompts BA, by reduc-
ing the drainage from the cornea surface [22].

4.3. Sprays

The sprays are been utilized for the dilation of pupil and/or
cycloplegics examination [23]. An interesting investigation have
been reported on liposomal spray for improve clinical efficacy for
the dry eye treatment. There four deferent types of liposomal
sprays were used in the study and Ocuvers Lipostamin is found
to be better in all four respective formulations. On considering
the main parameter, evaluation such as subjective comfort, ocular
redness, bulbar and nasal conjunctival redness were performed
[24]. In another study, a novel spray device was developed for
the delivery of fluorescein to anterior segment of eye and fluores-
cein aerosol droplets are showing high auto fluorescence level in
eye drops as compare to the conventional dosage form [25].

4.4. Contact lenses

There are various type of contact lenses have been developed.
Now days, drug immersed contact lenses are utilized which are
placed in the eye for sustained release of drug for the longer period
of time. An another type of contact lenses i.e. water soluble contact
lenses are also utilized to enhance the ocular residence time of the
drug [26].

4.5. Microemulsion

Microemulsions may have the capacity of loading both types of
drugs i.e.hydrophilic and lipophilic drugs. These are suitable
dosage form for the natural defense of the eye. The manufacturing
process is very easy through auto-emulsification or supply of
energy and having additional advantages such as they can be easily
sterilized and stable and have a high capacity of dissolving the
drugs [27].

4.6. Self-emulsifying drug delivery

In self-emulsifying drug delivery is novel approach for enhance-
ment of BA for effective treatment of ocular disease. In this system
drug and excipient are delivery in pre-dissolved form. In recent
study reported that self-micro emulsifying drug delivery system
is improving the theupeutic response for uveitis disease. In this
study, prednisolone as use as drug with blending with Cremphore
RH 40 (surfactant) and linoleic acid (oil phase) with co surfactant
as propylene glycol and in vivo study performed in rabbit eye [28].

4.7. Liposomes

Liposomes are phospholipid bilayer vesicles for targeting the
drugs to the specific site in the body [29]. They provide controlled
and selective drug delivery through enhanced BA [30] and their
potential in ocular drug delivery seems more for lipophilic than
hydrophilic compounds [31]. Liposomes have additional benefit
of being totally biodegradable and generally nontoxic, but stability
is very poor than particulate polymeric drug delivery system.
Liposomes are emerging tools for drug delivery for administration
of number of drugs to the eye [32] such as ibuprofen [33],
flurbiprofen [34].
5. Major barriers to ocular drug delivery

Major challenge in ocular medication to pharmacologists is the
desired therapeutic level maintains the therapeutic level at target
site because of its unique anatomy and physiology [35]. Designing
consideration for drug delivery system to target a particular recep-
tor of the eye is difficult for scientists as compared with drug deliv-
ery to other parts of the body, due to presence of the following
barriers discussed below and should be considered in design and
development of medication or delivery system.
5.1. Insubstantial space of the lower conjunctival sac (cul-de-sac)

The conventional dosages forms are dragged out from conjunc-
tiva sac as it has low holding capacity of drug solution. It also
serves as reservoir for the insoluble drug particle. When the
LEs are instilled in eye, they are settling in the conjunctival
cul-de-sac [36].
5.2. Tear discharge

Tear volume in normal eyes is 7 ± 2 ml, which is present on the
surface of the cornea. The rate of release of the tears has been sta-
ted as 1.2 ml/min. Whenever tear secretion induced by selective
stimulation, reflexive lacrimation takes place with an increase of
the tear film volume to approx 16 ml, with a range of 5–6 ml.
Instilled preparation causes tearing from eye and instantaneous
wash out of instilled eye drop. Regular eye drops are instilled in
considerable volumes (50 ml) to the lower conjunctival sac and in
this range, the unprovoked tear turn over apparently appraised
to play an insignificant function in the wastage of instilled drug
dose [37].
5.3. Melanin binding

Ocular melanin plays a critical role in ocular drug distribution.
The melanin binding shows a rational effect on ocular BA of the
topically applied preparation [38]. Binding of drug to melanin
occur by electrostatic and Van derWaals forces or by simple charge
transfers. Melanin-containing ocular tissues like iris–ciliary body
influences drug concentrations because of melanin bound drug
does not reach the receptor site of ocular tissues thus no drug
response. Melanin binding may appreciably lower pharmacological
activity. Drugs similar to ephedrine and timolol bind to the mela-
nin with an intense binding efficiency, and at most a pint-sized
are of the bound drug is steadily liberated. As a rule, melanin
bound drug is not normally attainable for receptor binding
demanding the administration of bigger dosages [39].
5.4. Corneal permeability

The adequate drug penetration through corneal into aqueous
humor, depends on the distribution coefficient of the drug. The cor-
neal thickness of human eye is similar to rabbit hence it is the most
common animal used for the study [40]. There are various in vitro
animal model are develops for predicting corneal permeability like
quasi-3D (Q3D) [41], Human corneal cell culture models [42].



Table A1
Some recent development in the field of lipid based emulsion for ocular delivery.

Drug Lipid Surfactants Improvement References

Terbinafine hydrochloride Isopropyl myristate/Miglyol 812) Tween 80, Cremophor EL Prolonged mean residence time
and increased bioavailability

[31]

Ofloxacin Oleic acid Tween 80 Preocular residence time was
improved

[45]

Pilocarpine hydrchloride Soybean oil Span 80, Brij 35P Prolonged intraocular pressure
lowering effect

[46]

Moxiflaxacin Isopropyl myristate Tween 80, Span 20 Longer precorneal residence,
sustain the release of the drug

[47]

Gatiflaxacin Isopropyl myristate Tween 80, Transcutol P Increased intraocular
penetration and enhance ocular
bioavailability of gatifloxacin

[48]
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5.5. Aqueous solubility

Low aqueous soluble compounds exhibit less therapeutic
response due to unavailability of proper drug concentration at
the site. The elevated concentration of drug is significant for ocular
formulation because only dissolved drug is capable of permeating
corneal membrane. The corneal surface contain thin tear film that
is maintaining eye surface lubrication and defends the eye form the
external stimuli [43].
6. Components of LEs

In order to modulate the ocular surface inflammation, numer-
ous lipid-based therapies have been employed in the current sce-
nario. The several types of oils and surfactants used as intimate
component of LEs are given in Table A1. The choice and selection
of the components are based on the parameters such as toxicity,
irritation potential, and mechanism of action which may be valu-
able for the overcoming the different limitations [44]. The different
components used in the production of the LEs are discussed below.

6.1. Oil phase

The selection of the oil phase for the LEs is very crucial espe-
cially for the hydrophilic drug as they are not solubilized in oil,
thus affecting the drug solubility. The long chain fatty acid of oil
shows poor penetration power as compares to shorter chain of
fatty acid of oil. The superior penetration power of shorter chain
of fatty acid of oil is attributed to hydrophilic tail showing deeper
penetration, thus resulting in formation of the stable emulsion by
Fig. A3. A model of ternary Phase region depicting of different emulsion systems.
stabilization of interfacial chain. Thus, the absorption of lipophilic
drugs depends on the lipid component which plays a vital task in
the absorption leading to enhance BA. On the other hand, long
chain of fatty acid of oil has good solubility power. Thus, while con-
sidering the solubility and penetration ability selection of appro-
priate oil phase is very important consideration in LEs [49].
6.2. Surfactants

The employment of surfactants depend on the type of emulsion
i.e. (O/W) or (W/O) along with the nature of the drug partitioning
in the oil or aqueous phase. Both water insoluble and water soluble
surfactants are used having proper hydrophilic-lipophilic balance
(HLB) are used as per the requirement [50]. The water insoluble
surfactants can formmicelles but due their inadequately hydrophi-
lic nature, they are not able to self-emulsify. The water soluble sur-
factants, such as cetostearyl alcohol ethoxylate ‘cetomacrogol’, are
the most frequently used surfactants in case of self-emulsifying
drug delivery systems. These components which have the HLB
value of near to 12 are able to form micelles at low concentrations
by dissolving in pure water [51]. The concept of non-irritant and
non-toxic property is needed to be considered depending on the
HLB value. Non-ionic surfactants are versatile functioning agent
for fabrication of LE due to their lower toxicity. The hydrophilicity
and lipophilicity is based on HLB scale. The high HLB value of sur-
factant is used for rapid formation of emulsion droplet. However,
during preparation of emulsion, one of the important consideration
is the use of greater amount of surfactant concentration (�40%)
may likely to produce toxicity in the ocular tissue [52].
6.3. Co-surfactants

Co-surfactants are generally incorporated in the optimized for-
mulation to boost the solubility of primary surfactant. The ternary
phase diagram is used for the optimization of co-surfactant with
primary surfactant. They decrease the interfacial tension thus help
to form small droplet and reduced the surfactant amount as the
utilization of high amount of surfactant can lead to toxicity [53].
6.4. Aqueous phase

Aqueous phase has very potential effect on LE due to its capac-
ity to solubilize the various excipients. The phase behavior of LE is
highly affected by the pH of aqueous phase. The different compo-
nents such as emulsifiers, osmoprotectants (glycerin) or polymers
present as a part of the aqueous phase in emulsions helps in pro-
viding the supplementary effect on the ocular surface. They may
help in lubrication, osmoprotection and many more effects [54].
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6.5. Additives

Many more additives are to be added to perform other function
such as to protect the system from oxidation, Antioxidants such as
various lipid soluble substances like b-carotene [55], a-tocopherol,
propyl gallate, butylated hydroxyl anisole or butylated hydroxyl
toluene can be employed in the formulations [56].
7. Phase diagram of LEs systems

Construction of phase diagrams (Fig. A3) is frequently used and
helpful in determining emulsification along with characterization
of formulation. Phase diagram provide the information about the
area of LEs. It consists of 4 different components which include
aqueous phase, oil phase, surfactant and co–surfactant. On the
basis of phase diagram the quantity of each component is deter-
mined [57]. The phase diagram represents emulsion and non-
emulsion region, which can be examines by visual inspection
[58]. An effective carrier system was developed for the hydrox-
ytrosol by utilizing the pseudo-ternary phase. The pseudo-
ternary phase diagram consist of miglyol 810 (oil phase) with the
surfactant phase lecithin [59]. Another very interesting study is
reported that drug having low partition coefficient improve BA
through constructing of the pseudo ternary phase diagrams con-
sists of Cremophor RH 40 (Macrogolglycerol hydroxystearate),
Capryol 90 (propylene glycol monocaprylate) and Transcutol HP
(diethylene glycol monoethyl ether) and study revealed about BA
enhancement from as compare with plain drug solution [60].
8. Method of preparation of LEs

The different methods are employed for the development and
preparation of LEs. These methods are discussed below in detail.
Table A2
Excipients used for the formulation of ocular lipid emulsion [75].

Oil Emulsifiers

Sesame oil Cholesterol Phospholipid
Soya oil Polysorbate 80
Castor oil Transcutol P
Paraffin oil Cremophor RH
Paraffin light Poloxamer 407
Lanolin Vaselin Poloxamer 188
Corn oil Miranol C2M
Glycerin monostearate Tyloxapol
8.1. Phase titration method

The method used in construction of ternary phase diagram is oil
titration method. In this method, mixture of co-surfactant, surfac-
tant and aqueous phase are added. In small quality of oil are added
in vial and vortexing the mixture at different time interval at opti-
mized temperature [61].

8.2. Ultrasonic emulsification

Ultrasonic emulsification is based on irritation time and physio-
chemical properties of dispersed phase and is most common and
widely used method for reducing the droplet size. The ultrasonic
energy is provided through sonication probe and sonotrodes.
When the liquid come in contact with sonicator, it produces the
vibration and mechanical energy through piezoelectric quartz
crystal when supplied through an alternative electric current.
The crystals so formed show expansion and contraction along with
the production of ultrasonic energy. This method is generally used
in the laboratory to obtain LEs having size lower than 0.2 mm [62].

8.3. High-pressure homogenization

High-energy homogenization involves the application of
mechanical devices such as microfluidizers, high-pressure homog-
enizers, and sonication methods. These techniques lead to genera-
tion of strong disruptive forces which causes the breaking of the oil
and water phases leading to formation of tiny oil droplets [63].
These methods are appropriate to industrial operations due to con-
trol of droplet size distributions in emulsion, and the production of
energy needed could be easily achieved [64]. Emulsion produced
by this method depends on emulsifying conditions including type
of surfactant and its quantity. This technique is based on homoge-
nization of pressure and temperature and produce particle size up
to 1 nm.

8.4. Microfluidization

This mixing technology uses a device called microfluidizer
where high pressure is used which forces the drug product to con-
vert into submicron particles. This high pressure subjection is
repeated again and again to achieve the desired range of particle
of submicron range. Thus, emulsion so obtained produce the
desired particle size with uniform distribution of size range [63].
This process of emulsification is superior as compared to the other
types of conventional homogenization methods due to production
of narrower size and smaller particles than produced by traditional
method of homogenization [65].

9. Design consideration of ocular drug delivery

During the development of ophthalmic formulation, rate and
extent of drug are affected by physiological and physiochemical
Lipids & Polysaccharide Miscellaneous

Stearylamine a–Tocopherol
Oleylamine Glycerol
Chitosan Xylitol
Arabinogalactan Sorbitol
Hyaluronic acid Thiomersal
Gellan gum EDTA M
Alginic acid Ethyl paraben
Hydroxypropylmethyl cellulose Propyl paraben



Table A3
Patent granted on LEs for the ocular drug delivery.

Inventions summary Application Patent No References

The patent claim that cyclosporine containing LEs administered in eye Treatment of Phacoanaphylactic
Endophthalmitis or Uveitis

US4649047A [67]

Delivery hydrophobic pharmaceutical active ingredient through emulsion Ocular delivery US6007826A [68]
The high concentration of surfactant are required to make thermodynamic stabilized the emulsion

but when stored at long time lead color change (yellowish) because of rancid problem of fatty
acid. This patent explains the solution to problem.

Eye lotion for treating the eyes US6335022B1 [69]

The patent claim that develop composition use for lubricate the eye and corneal surface Treatment of dry eye syndrome US6656460B2 [70]
To improve the drug solubility and stability Treatment of glaucoma US8414904B2 [71]
The lipid emulsion containing alpha 2 adrenergic agonist and based on the neuropeptide inhibitor Treatment Meibomian gland

dysfunction and dry eye.
US9597328B2 [72]
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properties of drug. These factors are limiting the use of excipients
and reduce the BA of drug (Fig. A4). Along with the physiochemical
property of drug, other factors are to be considered while develop-
ing the LEs which includes surfactants and co-surfactant ratio and
depends on the total concentration to be used in the formulation.
The proper type of surfactant must be chosen carefully which
would help to achieve an ultralow interfacial tension to produce
emulsion. These factors become preliminary requirements in the
production of the emulsions. The concentration of surfactant is
required to be high enough to produce the stable emulsion which
is due to stabilizations of the microdroplets [66]. The various
patents granted for LEs are included in Table A1.
10. Safety assessments

Safety considerations of any formulations intended for the cure
or diagnosis of diseases or other conditions should be considered to
be absolutely essential in formulations development. Safety assess-
ment and potential consequences of different biopharmaceutical
factors on the drug or lipid excipients and their interaction should
be explored. Though, it becomes difficult to correlate in vitro
results obtained through conventional dissolution methods for
predicting the in vivo performance of a lipid based dosage form
[73]. The lack of proper certainty for product quality and its perfor-
mance may be caused by nature of empirical and irrelative pro-
cesses traditionally used. So, only the product which has been
considered generally recognized as safe (GRAS) by the FDA should
be used. As all excipients (Table A2) are not inert substances, and
may results in some unwanted and toxic features at higher concen-
trations. One of the most important and crucial aspect of any topi-
cal ophthalmic formulation is to examine non-irritant property
which should shows the ocular tolerance on instillation into eye.
In vitro, ex vivo, and in vivo evaluations should be done on both
drug and drug bearing ocular LEs [74].The parameters discussed
below needs to be considered well thoughtout the design and
development of the ocular lipid based preparations (Table A3).
10.1. Biocompatibility

The excipients used in emulsions should be nonirritant. The
major disadvantage associated with LE is that high amount of sur-
factant requirement leads to toxicity. To minimize the surfactant
concentration used, appropriate surfactant and co-surfactant ratio
combination should be considered. LEs are favored due to their
biocompatibility, biodegradability, convenient handling, stability,
and simple and valuable manufacturing processes in term of cost
[76]. Lipid-based delivery systems have been continuously used
as intravenously due to their biocompatible nature [77].
10.2. Drug property

Drug property is an important concern which plays a significant
role in the development of LEs as the drug interaction with surfac-
tant changes the surfactant curvature, thus influencing the phase
behaviors of the emulsion. The drug having low aqueous solubility
is associated with low therapeutic response due their less capacity
to cross the ocular barrier [78].

10.3. Bioavailability

Major challenge for formulation scientist is to overcome the
problem related with the BA which could be achieved by correlat-
ing the in vitro data with the in vivo findings. The LEs have played a
crucial role in increasing the BA of poorly soluble drugs through
submicron LEs such as niclosamide which is use for the treatment
of leukaemia [79]. The concept of BA becomes important as it
affects the therapeutic effectiveness of active moiety, thus been
explored recently in biopharmaceutical research.
11. Conclusion

The LEs are associated with the decrease side effects by appro-
priate selection of surfactant, co-surfactant, oil, and aqueous phase.
These systems are providing the enormous array of potential to
formulations due to their ability to increase the BA of poorly sol-
uble drugs. The proper knowledge of the physicochemical proper-
ties of the compound and their interaction should be taken into
account while considering the development of these systems.
The use of LEs is very enticing drug delivery for ocular disease.
Thus, LEs have emerged as a delivery system to provide the effi-
cient therapeutics effects for the treatment of ocular diseases.
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