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Background

Ophthalmic lubricants are the cornerstone of dry eye management and
have been designed to mimic the tear film components.! Many
formulations contain two or more ‘active’ ingredients which play distinct
and important roles to protect the ocular surface. It is noted that it is the
overall formulation and composition and the way in which the components
interact that impact the performance of an ophthalmic lubricant.’

Sodium hyaluronate eye drops are widely used in the management of dry
eye disease with high molecular weight sodium hyaluronate being
clinically superior to lower molecular weight versions for hydration.2# Other
ingredients used alongside sodium hyaluronate in eye drops for specific
functions include, dexpanthenol for improved corneal healing,® and
trehalose and ectoine for osmoprotection.5-8

It is recognised that there is a need to better understand the specific
physico-chemical and biological roles of each ingredient composing the
different formulations.® Human corneal cellular /n vitro models can be
leveraged to directly compare the cell viability and protection potential
of eye drops with combinations of ingredients.

Purpose

The purpose of this study was to evaluate the protective effect of four
ophthalmic lubricants in an in vitro model that stimulates a desiccated and
hyperosmolar ocular surface.

Methods

The eyedrops were evaluated using HCEC's to assess cell viability and
thereby protection under desiccation and hyperosmolar stress conditions.
Four topical ophthalmic lubricants with different active ingredient
combinations were included: Hylo Dual Intense® (hyaluronic acid +
ectoine); Eye Doctor Advanced Triple Action Drops (hyaluronic acid + sacha
inchi seed oil + treaholse); Thealoz® Duo (hyaluronic acid + trehalose) and
Visupharma Trehapan® (Hyaluronic acid + trehalose + D-Panthenol).

The /n vitro cell model consisted of immortalized human corneal epithelial
cells (HCECs) cultured in DMEM/F12 media with 1% FBS and 1%
penicillin/streptomycin. HCECs were seeded into 96-well plates at a density
of 15,000 cells/well and incubated for 16 hr at 37°C and 5% CO2. Once
confluent, media was aspirated, and HCECs were treated with the formulas
for 15 min, then rinsed once with PBS to simulate removal of the formulation
from the ocular surface by tear dilution before being subjected to desiccation
or hyperosmolar stress. For desiccation conditions, HCECs were placed in
an environmental chamber (37°C, 5% CO,, 45% humidity). For hyperosmotic
conditions, HCEC's were exposed to ~ 500 mOsM NaCl for 16-24

hours (37°C, 5% CO,, 95% humidity). Cell viability was subsequently
measured using the alamarBlue™ assay to assess metabolic activity.

Results

The level of cell viability and protection offered by the formulates varied
significantly in both the desiccation and hyperosmotic stress models.

In both the desiccation and hyperosmolar models Hylo Dual Intense
showed significantly better cell viability versus the Dry Eye Disease
control arm. No other ophthalmic lubricant was significantly different to
the negative DED control arm (Figure 1).

In the desiccation model the lowest level of protection was provided by
Eye Doctor Advanced Triple Action Drops (5.27% + 22.91) with
Thealoz® Duo (78.69% + 34.62)

and Visupharma Trehapan® (67.26 + 9.33) providing moderate
protection. Hylo Dual Intense ® provided the highest protection (109.56 +
49.67) that was significantly higher than Eye Doctor Advanced Triple
Action Drops (p<0.05) (Table 1 & Figure 2).

In this hyperosmotic model Thealoz® Duo (-16.4% + 16.13) did not
demonstrate protection against hyperosmotic stress. The Eye Doctor
Advanced Triple Action Drops (12.97 + 9.48) and Visupharma
Trehapan® (8.49 + 20.28) provided low protection. Hylo Dual Intense®
provided the highest level of protection against hyperosmotic stress,
which was significantly higher than Thealoz® Duo (p<0.05). (Table 1 &
Figure 2).
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FIGURE 1. Cell viability of HCECs pretreated with different eyedrops under
desiccation stress or hyperosmotic stress. Human corneal epithelial cells
(HCECs) were pretreated with either 50 pL of PBS, Eyedoctor Triple Action,
HYLO Dual Intense, Thealoz Duo or Visupharma Trehapan. After 15 minutes,
cells were then rinsed once with PBS before being subjected to (A) desiccation
stress (45% humidity at 37°C for 5 minutes) or (B) hyperomsotic stress for 24
hours. Cell viability was subsequently measured using the alamarBlue™ assay

pretreated with PBS and presented as mean £ SD. ns = not significant (p >
0.05); *p < 0.05 vs. DED

to assess metabolic activity. n = 3. Data are normalized to the DED model
group (one-way ANOVA).

Table 1. Protection of different eyedrops in HCECs under desiccation
stress or hyperosmotic stress

Desiccation Hyperosmolar Stress
Stress
109.56 + 49.67
5.27 +22.91
78.69 + 34.62

67.26 +9.33

40.88 + 1.26
12.97 +9.48
-16.4 +16.13
8.49 +20.28

Hylo Dual Intense

Eye Doctor Triple Action
Thealoz Duo
Visupharma Trehapan

/

(A) (B)

Pretreatment under desiccation stress

200

Pretreatment under hyperosmotic stress

*

150 -

100

Proteion (%)
3
L

Protection (%)

FIGURE 2. Protection of different eyedrops in HCECs under desiccation stress or

hyperosmotic stress. Human corneal epithelial cells (HCECs) were

pretreated with either 50 L of PBS, Eyedoctor Triple Action, HYLO Dual Intense, Thealoz
Duo or Visupharma Trehapan. After 15 minutes, cells were then rinsed once with PBS
before being subjected to (A) desiccation stress (45% humidity at 37°C for 5 minutes) or

pretreated with PBS and presented as mean £ SD. ns = not significant
(p > 0.05); *p < 0.05 vs. Hylo Dual Intense (one-way ANOVA).

(B) hyperomsotic stress for 24 hours. n = 3. (C) Data are normalized to the DED model
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Discussion

» Two principal mechanisms in dry eye disease are ocular surface
desiccation and tear film hyperosmolarity.’® Hence in vitro desiccation
and hyperosmolar stress models were selected to assess the efficacy
of four ophthalmic lubricants in this study.

The ophthalmic drop products selected were ‘combination’ based that
contained a ‘lubricant’ and an ‘osmoprotectant’.

Lubricants such as high molecular weight sodium hyaluronate mitigate
desiccation by ocular protection and increase ocular surface hydration.
As a result, lubricants such as high molecular weight sodium
hyaluronate prolong tear film retention, whilst osmoprotectants
counteract hyperosmolar stress on the ocular surface.

The product that combined high molecular weight hyaluronic acid and
ectoine (Hylo Dual Intense®) was the only drop that provided
protection against both desiccation and hyperosmotic stress in these in
vitro stress models.

This aligns with the mechanistic actions of each of the ingredients in
the formula. High molecular weight hyaluronic is recognised as a highly
effective lubricating and hydrating ingredient whilst ectoine is an
osmoprotectant that helps stabilize cell membranes and reduces
inflammation; with clinical and preclinical studies showing it improves
tear film stability, protects against corneal damage, and enhances
mucin production.”:#

This study highlights that specific combinations of active ingredients in
ophthalmic lubricants contribute to the performance of a drop and that
difference combinations lead to different outcomes.

Conclusion

This study utilized two different /n vitro cell models under dry eye stress
conditions to simulate ocular surface protection. Differences between
the commercially available lubricant drops were observed indicating that
drops perform differently based on ingredient combinations. The human
corneal cellular models provide insights into how these eyedrops may
perform in dry eye patients, although full understanding of this would
warrant clinical investigation.
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