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Abstract

Dry eye disease (DED) is a complex multifactorial disease that affects an increasing number of patients worldwide.
Close to 30% of the population has experienced dry eye (DE) symptoms and presented with some signs of the
disease during their lifetime. The significant heterogeneity in the medical background of patients with DEs and in
their sensitivity to symptoms renders a clear understanding of DED complicated. It has become evident over the past
few years that DED results from an impairment of the ocular surface homeostasis. Hence, a holistic treatment
approach that concomitantly addresses the different mechanisms that result in the destabilization of the tear film (TF)
and the ocular surface would be appropriate. The goal of the present review is to compile the different types of
scientific evidence (from in silico modeling to clinical trials) that help explain the mechanism of action of cationic
emulsion (CE)-based eye drop technology for the treatment of both the signs and the symptoms of DED. These CE-
based artificial tear (AT) eye drops designed to mimic, from a functional point of view, a healthy TF contribute to the
restoration of a healthy ocular surface environment and TF that leads to a better management of DE patients. The
CE-based AT eye drops help restore the ocular surface homeostasis in patients who have unstable TF or no tears.
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Introduction

An efficient strategy—and probably the most rea-
sonable one—for the treatment of multifactorial dis-

eases is to simultaneously modulate the different key factors
identified as having a causative role in the disease. Hence, a
good understanding of the physiopathology of multifactorial
diseases with an intention-to-treat approach is of utmost
importance. Dry eye disease (DED) has been described as a
multifactorial disease1–3 explained by a vicious-circle-like
mechanism that perpetuates/exacerbates the disease pro-
cess.4 The TFOS DEWS II 2017 workshops on dry eye (DE)
pathophysiology5 established a revised DED definition that

summarizes the main characteristics of the disease and lists
its major contributing factors. The revised TFOS DEWS II
definition of DE states: ‘‘Dry eye is a multifactorial disease
of the ocular surface characterized by a loss of homeostasis
of the tear film, and accompanied by ocular symptoms, in
which tear film instability and hyperosmolarity, ocular sur-
face inflammation and damage, and neurosensory abnor-
malities play etiological roles.’’5 Further, the Asian Dry Eye
Society (ADES) emphasized the role of tear film (TF) in-
stability in DED and of TF-oriented therapy (TFOT) ap-
proaches for the management of DE patients.6,7

In DED, the stable state of equilibrium (i.e., homeostasis)
of the ocular surface and the TF is impaired. For homeostasis
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to be restored, it is necessary to alleviate the signs and
symptoms of DE and concomitantly improve the different,
interdependent elements constituting the ocular surface en-
vironment. Indeed, the correction of only one of these in-
terdependent elements cannot result in the restoration of
a stable state of equilibrium, and although it can ‘‘slow
down’’ the vicious circle of DE it cannot interrupt or correct
all of the disease processes in DED. For example, supple-
menting the ocular surface with aqueous-based eye drops or
gel-like lubricants may help reduce the symptoms tempo-
rarily but will not be effective over a long period since they
do not restore the steady-state equilibrium of the ocular sur-
face but instead shift it toward an excess of water; this excess
water is ultimately lost over time, with a return to an unstable
and unfavorable state requiring frequent re-instillations.

Thus, to restore this state of equilibrium and consequently
a healthy environment for the eye, the following issues must
be dealt with simultaneously: (1) TF instability; (2) TF
water-phase hyperosmolarity; (3) ocular surface inflamma-
tion; (4) corneal and conjunctival epithelium damage; and
(5) neurosensory abnormalities.

The Cationic Emulsions for Dry
Eye Management

Cationic emulsion (CE)-based artificial tear (AT) eye
drops8,9 have recently developed lipid-containing ATs (Ca-
tionorm�, Cationorm Pro, Santen)10 that besides CE-based
drug carriers (Ikervis�, Santen)11,12 have been designed for
the management of the clinical signs and symptoms of DED
as well as the management of vernal keratoconjunctivitis in
children (Verkazia�, Santen).13 The present review compiles
and discusses the findings from extended in silico, in vitro,
and in vivo studies of CEs. It aims at (1) exploring and
gaining insight into the mechanism of action of CEs, (2)
explaining how CEs are able to improve the ocular surface
condition of DE patients by simultaneously modulat-
ing/correcting the different etiological factors of DE, as
presented in the TFOS DEWS II definition,5 and (3) thereby
demonstrating that a holistic approach—and the treatment of
the ocular surface as a whole—is effective for the manage-
ment of these patients.

Improved TF stability with the CEs

The TF is composed of 3 different layers (Fig. 1A, B and
Table 1): a tear film lipid layer (TFLL), that is, the outermost
layer of the TF, an aqueous phase that contains surface-active
proteins and soluble mucins, and the mucin layer/glycocalyx
that is directly adjacent to the corneal and conjunctival epi-
thelial cells.14 The TFLL plays an important role in TF sta-
bilization.15 It has been demonstrated that a thicker TFLL
results in more stable TF with a longer tear break-up time,
whereas thinner and more heterogeneous TFLLs are associated
with less stable TF.16 The TFLL contains mainly nonpolar
lipids (>90%–92%) and up to 8% amphiphilic polar lipids
[6.0% phospholipids, 1.8% sphingolipids, and 3% (O-acyl)-o-
hydroxy fatty acids (OAHFAs)],17–19 which predominantly
play a surfactant role. More than 93% of TFLL lipids (all
nonpolar lipids and OAHFA) are secreted by the meibomian
glands. Thus, a dysfunction of the meibomian glands results in
quantitative and qualitative alterations of the TFLL and in the
development of DED.20 Indeed, up to 80% of DE patients have
meibomian gland dysfunction (MGD). It is, therefore, impor-
tant to compensate for the nonpolar and polar lipid loss ob-
served in these patients to restore the thickness and stability
of the TFLL—hence the development of lipid-containing
(Fig. 1B, and Table 1) eye drops.21

Polar lipids are crucial to stabilize the interface between the
TFLL and the aqueous phase of the TF. Polar lipids are am-
phiphilic molecules possessing hydrophobic moiety (i.e., with
a high affinity for oily environments) and at the same time a
hydrophilic head (i.e., with a high affinity for aqueous envi-
ronments). This renders them surface active (i.e., with surfac-
tant properties), which enables the polar lipids to be distributed
naturally at the oil–water interface acting as a TFLL spread-
ing agent and stabilizing the tear surface by segregating the
hydrophobic molecules from water molecules.15,22,23 Al-
though the contribution of exogenous non-meibomian polar
lipids to the TFLL remains unclear, it was clinically dem-
onstrated that OAHFA (the endogenous surfactant of mei-
bum) deficiency correlates with the severity of DE.24

Recently, Cwiklik and collaborators25 demonstrated, us-
ing in silico coarse-grain molecular dynamic simulations,
that polar lipid deficiency generates unfavorable water–

FIG. 1. Comparison of the structure of a healthy tear film (A) and the CEs (B). CE, cationic emulsion; TFLL, tear film
lipid layer.
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nonpolar lipid contact leading to destabilization of the TF.
The CE, with its positively charged amphiphilic molecule [ce-
talkonium chloride (CKC); i.e., a polar lipid], and the surface-
active water-based excipients (poloxamer 188 and tyloxapol)
help compensate for the deficiency of polar lipids and stabilize
the lipid film.25 Surface chemistry studies using Langmuir
troughs and Brewster angle microscopy with the CE AT26 and
CE-based drug products27 have demonstrated that CEs interact
favorably with meibomian gland secretions (i.e., TFLL) and
stabilize the lipid film by increasing its elasticity. Indeed, as
shown through in silico modeling, CKC is stably incorporated
in the TFLL at the aqueous interface (Fig. 2A), and it can
compensate for a moderate deficiency of polar lipids.28,29 The
concomitant action of poloxamer and tyloxapol, 2 surface-
active hydrophilic compounds that are adsorbed at the TFLL
interface and slightly penetrate the lipid film, synergistically
contribute to the stabilization of the TFLL,25 even though they
are eventually squeezed out of the TFLL interface after repeated
cycles of eye blinking.26

Interestingly, the polar lipid present in the CEs (i.e., CKC)
also harbors a positive charge. This positive charge has var-
ious important roles in the stabilization of the TFLL and its
interface. It helps position the polar lipid at the interface of
the TFLL with the positive charge facing the aqueous phase.
Through electrostatic interactions with the positively charged
moieties exposed to water, the negatively charged soluble
proteins (mucins, lysozyme) present in the aqueous phase of
the TF are adsorbed at the interface with the TFLL.30 It is
likely that such interactions add to the positive effect of CKC,
since adsorbed proteins help reduce the surface tension of the
TFLL and further improve the overall stability of the TF.

The same basic physical principles that have driven the
choice of polar lipid (CKC) and hydrophilic surfactant
(poloxamer and tyloxapol) for long-term stability8 of the CEs
(3-year shelf-life in their dropper) also account for the stabi-
lization of the TFLL after CE instillation on the ocular surface
of DE patients (Table 2). The nonpolar lipids (Fig. 2B, C)
provided by the CEs were selected for their excellent misci-
bility with the TFLL long-chain lipids (light and heavy min-

eral oil) or for their ability to spread over the TFLL at the
TFLL–air interface (medium-chain triglyceride) to improve
the thickness of the TFLL.26,27,31,32 The favorable interactions
of CE lipophilic constituents (nonpolar lipids and CKC) with
meibum are believed to facilitate their stable incorporation
into the TFLL, which, in view of the slow turnover rate of the
TFLL (0.93 – 0.36%/min),33 is expected to result in an ex-
tended residence time and therapeutic efficacy of the CE at the
ocular surface. The effect of CE instillation on TFLL is ob-
servable 1 h after instillation (Fig. 2D).

This fundamental surface chemistry and in silico molecular
dynamics simulations research on CEs and their molecular
components (polar lipids and hydrophilic surface-active ex-
cipients) explain from a mechanistic physicochemical point of
view the improvement in TF break-up time observed in clinical
trials, for both the CE ATs10,34 and CE drug products.11,35 In
addition, a comparison of CE versus a polyvinyl alcohol and
povidone-based lubricant demonstrated that a statistically sig-
nificant improvement in tear break-up time was observed on
day 28 (+2.0 vs. +0.5 s; P = 0.0349) in MGD patients treated
with the CE, hence confirming that the CE may act on the TF
stability.34 The lipid layer thickness was also found to be in-
creased after the instillation of CE in patients32 and in healthy
volunteers. Optical coherence tomography-based TFLL thick-
ness increased on average by 34% after administration of
the CE AT. The maximum increase (60.8% – 28%) occurred
30 min after instillation.31

Reduced hyperosmolarity and its associated
cellular stress with the CEs

Tear hyperosmolarity can induce cell damage that results
in the apoptosis of corneal and conjunctival epithelial cells
as well as goblet cells and in altered mucin production,36,37

which, in turn, exacerbate TF instability, thus leading to
more tear hyperosmolarity. This tear hyperosmolarity was
described as one of the causes of DED and the associated
inflammation of the ocular surface.5,36,38,39 The typical
values of tear osmolarity in healthy patients range from 290

Table 1. Quantitative Composition of a Healthy Tear Film and the Cationic Emulsions

TF structure

Healthy natural TF Cationic emulsions

Composition Composition

Lipid layer (0.015–0.160 mm)
Apolar lipids Wax ester, cholesterol esters, TGs

(>90% of total lipids)14,17–19
Mineral oils (1%) or MCT (2%)8,9

Polar lipids OAHFA, PC, PE, lysoPC, SM, etc.
(*8% of total lipids)14,17–19

CKC (0.002%–0.005%)8,9

Low-viscosity aqueous layer (*4 mm)
Water Water (*98.2%) Purified water (96%–98%)8,9

Serum & tear specific proteins
(6–10 mg/mL)

Surface-active lipocalin (2 mg/mL)
& soluble mucins14

(help in TF spreading)

Poloxamer (0.1%)
Tyloxapol (0.3%) (help in TF

spreading)8,9

Metabolites & electrolytes Glucose, lactate, etc.& Various salts
(tonicity: iso-osmolar <308 mOsmol/L)14

Glycerol (osmoprotectant)
(1.6%–2.25%) & NaCl
(tonicity: 190–270 mOsml/L)8,9

Gel-like mucin layer (2.5–5mm)
Glycosylated proteins Epithelial cell-bound sugar-rich

glycosylated proteins14
—

CKC, cetalkonium chloride; LysoPC, lysophosphatidylcholines; MCT, medium-chain triglyceride; OAHFA, (O-acyl)-o-hydroxy fatty
acid; PC, phosphatidylcholines; PE, phosphatidylethanolamines; SM, sphingomyelins; TF, tear film; TG, triglycerides.
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to 308 mOsm/L.40–42 A tear osmolarity threshold of
308 mOsm/L has been proposed to distinguish between pa-
tients with early signs of DE and patients with normal
eyes.37,41 Hyperosmolarity values not only of >380 mOsm/L
(and up to 441 mOsm/L) but also of normal to hypo-
osmolarity can be found in patients with severe DE.43,44

A temporary decrease in hyperosmolarity (as a transient
‘‘osmocorrection’’) can be achieved through the use of
hypo-osmolar to iso-osmolar eye drops.11,45 In that case, the
instillation of eye drops results, by a simple dilution of the
hyperosmolar tear, in a decrease in tear hyperosmolarity (toward
its normalization) that lasts for a couple of minutes and is related
to the (short) turnover of the aqueous phase of the tears.33 In-
deed, with a turnover rate (in healthy adults) of 10.3 – 3.7%/min
for the tear aqueous phase, all of the water volume and water-
soluble solutes [including water-soluble polymers like hya-
luronic acid (HA) or carboxymethyl cellulose] instilled with
the eye drops are eliminated from the TF in 15–20 min.33

This strategy is used by many commercially available
water-based eye drop solutions, and it is applied to the CEs

too. The water phase of the CE eye drops, which represents
90%–96% of the volume, is hypo-osmolar (190 mOsm/L) in
the CE ATs and slightly hypo-osmolar to iso-osmolar
(270 mOsm/L) in CE drug products or in second-generation
CE ATs. Adding small-molecular-weight osmoprotectants46

to the eye drops (water phase), which can on instillation enter
epithelial cells and stabilize their volume (by retaining water
molecules), will have a more sustained protective effect on cell
survival and their resistance to the osmotic stress generated by
hyperosmolarity.47,48 For that purpose, the CE eye drops con-
tain glycerol (1.6%–2.25%) as an osmoprotecting agent.11,49

Management of ocular surface inflammation
with the CEs

Hyperosmolarity of the TF is a strong trigger of inflamma-
tory cascades 46,50 in corneal and conjunctival epithelial cells,
which translates clinically into epithelial damage and mucin
coverage deficiency, as evidenced, for example, via corneal
fluorescein staining (CFS) tests.51 Based on their ability to

FIG. 2. Coarse-grain molecular dynamic simulations (side and bottom-up views of the lipid film) of the incorporation of
CKC and poloxamer in lipid film with polar lipid deficiency. Non-polar lipids, pink; polar lipids, blue; CKC, red; Po-
loxamer, white and green (A). Brewster angle microscopy images of the excellent miscibility of mineral oil (B) with MGS,
and (C) spreading of medium-chain triglyceride over MGS. (D) Specular microscopy images of TFLL before and after
instillation of CE at the ocular surface; field of view is *3 cm2 (adapted from Georgiev et al.).15 CKC, cetalkonium
chloride; MGS, meibomian gland secretion.
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reduce hyperosmotic stress, CEs might help in the man-
agement of ocular surface inflammation.52 However, the
hypotonicity of the eye drops alone may not be sufficient to
fully explain the improvement seen in CFS scores.

The Nosika trial10 compared 2 hypo-osmolar (i.e., hypo-
tonic) eye drops—the CE AT (190 mOsm/L) and an
HA-based AT (0.18% HA, 150 mOsm/L)—in patients with
mild-to-moderate DE. As early as 7 days after treatment ini-
tiation, 22.7% of the patients treated with the CE AT reached
a CFS score of 0 (i.e., complete healing of the cornea),
whereas only 9.7% of the patients treated with the HA-based
AT reached a CFS score of 0. It was only at the end of the
treatment period (3 months) that 22.0% of the patients treated
with the HA-based AT had also reached a CFS score of 0. By
contrast, at completion of the study, 31.8% of the patients
treated with the CE AT had reached a CFS score of 0.

Interestingly, a similar efficacy was observed in the Sansika
trial,11,35 in which patients with severe DE (CFS ‡4 in the
Oxford grading score, which has a maximum of 5, at inclu-
sion) were treated with the CE AT (i.e., the CE empty vehi-
cle). At 6 months, 48.1% of the patients treated with the CE
AT experienced a 2-grade reduction in CFS score, and among
them 14.4% saw their CFS score decrease by 3 grades (CFS
score decreased from 4 to 1). In a mouse model of DED, a
similar improvement in CFS scores was observed on treatment
with the CE AT.52,53 Interestingly, in this mouse model of
DED, the CE AT was as effective at reducing CFS scores as
1% methylprednisolone, a potent glucocorticoid used for its
anti-inflammatory properties.

Further in vivo and in vitro studies were performed to
explore the underlying anti-inflammatory effects of the CEs
that may contribute to their efficacy profile observed in
animal models and in clinical trials.

A rat model of corneal epithelial abrasion was used to
generate superficial lesions and inflammation in the cornea. On
treatment with the CE, it was observed that the healing process
of the corneal epithelium was accompanied by a significant
reduction in the count of infiltrating inflammatory cells
(Fig. 3).54 When the CE AT was compared with other com-
mercially available ATs (Systance Balance�, Optive�, and
Vismed�) in this model, the cornea was found to heal similarly
in all treatment groups, but the CE AT-treated corneas showed
the lowest number of infiltrating inflammatory cells in the
corneal stroma.55 The CE AT was also the only AT to have a
marked direct anti-inflammatory effect on the secretion of pro-
inflammatory interleukin (IL)-6 and IL-8 from human corneal
epithelial (HCE-2) cells stimulated by a lipopolysaccharide
(LPS) challenge.55 This direct anti-inflammatory action of
the CEs was further confirmed in peripheral blood mono-
nuclear cells (PBMCs; stimulated with anti-CD3/anti-
CD28 or LPS), and in CD4+ T lymphocytes (TCD4;
stimulated with anti-CD3/anti-CD28 antibodies).56,57 The
CEs decreased the expression of interferon (IFN)-g, IL-
17A, CXCL-9, and tumor necrosis factor (TNF)-a genes in
LPS-stimulated PBMCs, and they decreased the expression
of THBS1 and CCL2 genes in LPS-stimulated HCE-2
cells. The CEs also inhibited the secretion of IL-17 (from
anti-CD3/anti-CD28-stimulated TCD4), TNFa, IFN-g, and
IL-2 (from anti-CD3-/anti-CD28-stimulated PBMCs) as
well as IL-6 and IL-8 (from LPS-stimulated HCE-2).57

After this rather unexpected direct anti-inflammatory ef-
fect of the CEs, it was interesting to further explore the
mechanism of anti-inflammatory activity and identify the

excipient(s) supporting it. Quite surprisingly, the cationic
excipient, CKC, used to bring the positive charge to the oil
droplets within the emulsion8,9 was demonstrated to be a
specific inhibitor of protein kinase C alpha (PKCa).57 CKC
is a lipophilic surfactant from the benzyl alkyl quaternary
ammonium chloride family. Although it is the most hydro-
phobic subcomponent of the benzalkonium chloride (BAK)
mixture—which explains its improved safety profile when
formulated in emulsion8,9,58–61 versus the benzyl alkyl qua-
ternary ammoniums chloride with shorter aliphatic chains
(12 or 14 carbons)8,9—it was not anticipated that CKC,
through its modulation of PKCa, could be even partly re-
sponsible for the good clinical performance of the CEs.10,11,35

Indeed, Pflugfelder and collaborators demonstrated in a PKCa
knock-out mouse the benefits that PKCa ‘‘inhibition’’ has on
corneal inflammation and its healing process.62

When formulated in CEs, CKC does not harbor any of the
detrimental side effects of the shorter BAK quaternary am-
monium compounds, but instead offers the benefits of modu-
lating PKCa for the management of inflammation and the
improvement of wound-healing processes in DE patients in
addition to mechanically stabilizing the TFLL. The CKC in the
CE represents *0.25% of the oily phase, thus ensuring sup-
plementation of physiologically optimal amounts of cationic
compounds to the ocular surface. In addition, another excipient
present in CEs—tyloxapol, a water-soluble surfactant—was
demonstrated to have anti-inflammatory activity that may
contribute to the efficacy of CEs.57 Indeed, it was previously
described that tyloxapol is able to suppress nuclear factor-kB
(NF-kB) activation in monocytic cells,63 that it has an inhibi-
tory effect on cytokine production,64 and prevents macro-
phages from reacting to endotoxin.65 Tyloxapol (0.3%) alone,
formulated as an emulsion of medium-chain triglycerides, was
able to reduce the secretion of IL-6 and IL-8 by 21% and 50%,
respectively, in LPS-induced HCE-2 cells.57

Improvement of ocular surface tissue
damage with the CEs

Ocular surface damage, that is, corneal and/or conjuncti-
val epithelium lesions, is generally observed in DED patients

FIG. 3. Inflammatory cell counts in the cornea of rat
treated with the CE ATs (adapted from Liang et al.).60 ATs,
artificial tears.
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via staining techniques by using fluorescein or lissamine
green dyes. They allow for the establishment of scores that
measure the severity of the lesions: The higher the score, the
more severe the tissue damage. The CFS score for corneal
damage and the van Bijsterveld/lissamine green score for
conjunctival injury are the most commonly used tools to
assess ocular surface tissue damage.66 The use of ATs/tear
substitutes was demonstrated to reduce CFS scores in DED
patients with mild-to-moderate signs of the disease. This was
observed in the Nosika trial comparing CE ATs with an HA-
based AT (Fig. 4). Simple lubrication of the ocular surface
can be sufficient, to a certain extent, for achieving a clini-
cally significant decrease in CFS scores. Thus, the restoration
of a healthy environment of the ocular surface contributes
toward decreased tissue damage.

It is interesting to note that the stabilization of the TFLL
and the TF with the CE AT has ‘‘stronger’’ effects on the
healing of the cornea (Fig. 4) than a jellified aqueous-
based HA solution.10 Besides, the anti-inflammatory effect
of the CE AT observed in animal models may also con-
tribute to the improvement of the CFS score.55,57 How-
ever, in more severe DED conditions, for example, for
patients with CFS scores of ‡4, classic aqueous-based ATs
were not sufficient to improve the ocular surface tissue
damage. This was observed in a large clinical trial (San-

sika study) where patients at inclusion had a mean daily
number of 8 aqueous-based AT instillations11 and still
showed significant corneal damage with a CFS score of ‡4
at the beginning of the study, thus clearly demonstrating
the lack of efficacy of lubricating ATs (aqueous-based or
viscosifying agent-containing eye drops) for the treatment
of severe DED.

Interestingly, on top of these classic aqueous-based ATs,
the addition of just 1 drop per day of the CE led to a 2-grade
decrease in CFS score in 48.1% of the patients at 6
months11; 4.4% of the patients even experienced complete
healing of their cornea, with a CFS score of 0 (Fig. 5). Only
20.5% of these patients with severe DED experienced no
improvement after the addition of 1 drop per day of CE.

As previously discussed, it was demonstrated in a mouse
model of severe DED that the CE AT was as effective as, if
not better than, 1% methylprednisolone in reducing corneal
lesions.52 The CE AT was also shown to improve the
elasticity of the TFLL, by supplementing the ocular surface
with polar lipids (i.e., CKC), and the thickness of the TFLL,
through its delivery of nonpolar lipids, with the overall ef-
fect of improving the stability of the TF.26 The concerted
mechanical and pharmacological effects of the excipients
present in the CEs might explain the benefits observed on
the wound healing after the instillation of CE.

FIG. 4. Percentage of corneal clearing on
treatment with the CE AT and HA-based eye
drop in patients with mild-to-moderate DED
with CFS scores up to 2 at study inclusion.
CFS, corneal fluorescein staining; DED, dry
eye disease; HA, hyaluronic acid.

FIG. 5. (A, B) Corneal healing over time after the instillation of 1 drop of the CE AT in patients with severe DED (CFS
‡4 at the beginning of the study).
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Improvement of symptoms with the CEs

Symptoms of DED are of varying severity and were de-
scribed as stinging, burning or scratchy sensations, foreign-
body sensation, increased sensitivity to light, blurred vision,
as well as eye fatigue and eye redness.67 In DED, ocular
surface inflammation, paralleled or not by tissue damage,
results in changes in nerve structure and altered responses to
external mechanical or chemical stimuli. The peripheral and
central sensitization results in a pain response to normally
non-painful stimuli.68 However, reduced corneal sensitivity
is also frequently observed in DE patients,69 who often
experienced a worsening of their symptoms on improvement
of ocular surface tissue damage.70–73

Hence, reducing the inflammatory stress of the ocular
surface tissue will lead to improvement in the neurosensory
abnormality observed in DE patients. It has been reported
that CEs harbor some anti-inflammatory properties55,57 that
result in CFS score improvement in animal models and

patients. These improvements in tissue damage were par-
alleled with an amelioration of symptoms (Fig. 6) in
clinical trials. No direct action of CEs on nerves is sus-
pected, and the improvement in the symptoms of DE pa-
tients treated with these CEs might instead result from the
restoration of a healthy ocular surface environment and
state of equilibrium.

Proposed Mechanism of Action of CEs
in the Management of DED Signs
and Symptoms

The CEs, through their optimized composition, can help
restore the homeostasis of the TF by concomitantly modu-
lating the different causes (identified as the factors (1) to (5)
having an etiological role in DED according to DEWS II DE
definition) of TF instability, ocular surface inflammation,
and tissue damage. Figure 7 is a schematic representation of

FIG. 6. (A, B) Symptom improvement in a patient population with severe DED on treatment with the CE AT.

FIG. 7. Schematic of the
mechanisms of action of CEs
in the management of signs
and symptoms of DED.
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how the concomitant mechanical and pharmacological an-
cillary actions of the CEs simultaneously improve the signs
and symptoms of DE. Table 2 summarizes the contribution
of the CE components to the restoration of a healthy state of
equilibrium of the ocular surface of DE patients.

Conclusion

The CEs are a new type of AT that functionally mimic a
healthy TF. Indeed, they provide nonpolar and polar lipids to
replenish the TFLL and increase its thickness, while simul-
taneously augmenting the stability of its interface with the
aqueous phase of the TF. In addition, the positive charge
provided by CKC contributes to the generation of electro-
static forces that help in the adsorption of TF-soluble pro-
teins at the TFLL interface and further stabilize the TFLL.
The positive charge of the oil nanodroplets of the CEs also
help in the homogeneous spreading of the ATs on the neg-
atively charged ocular surface. The nonionic water-soluble
surfactants aid in the stabilization of this interface. The
hypo-/iso-osmolarity of the CE ATs also contributes toward
the modulation of the hyper-osmolarity of the TF.

Alongside these mechanical effects, the CEs possess an-
cillary anti-inflammatory properties that contribute to their
good performance in DED. Indeed, CKC, by specifically in-
hibiting PKCa, and tyloxapol, which is able to modulate
the action of NF-kB, reduce the infiltration of inflammatory
cells in diseased tissues; decrease the production of pro-
inflammatory cytokines and chemokines (by epithelial and
immune cells); and improve the rate of ocular surface healing.

The mechanical properties of the CE eye drops, which
represent a functional healthy TF in a bottle, supported by the
ancillary anti-inflammatory properties explain the good per-
formance of CEs in the management of DED signs and
symptoms that range from mild to moderate to severe. The
contribution of CEs to the restoration of homeostasis of the TF
and ocular surface unit in other eye diseases that negatively
affect the ocular surface (such as allergy, glaucoma, cataract,
and refractive surgeries) should be further investigated.
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