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Abstract

Purpose: To investigate whether the application of a novel product
containing a mix of osmoprotectant soluble molecules can modify
tear osmolarity, clinical signs and subjective symptoms in dry eye
patients.

Methods: Thirty patients (24 women, 6 men, median age 45.5
yrs) were enrolled. Inclusion criteria were: age = 18 years, good
general health, ocular discomfort symptoms for over three months,
Ocular Surface Disease Index (OSDI) score ranging from 18 to 36,
Schirmer test > 10 mm/5 min, Tear Film Break Up Time (TBUT)
< 10 sec, corneal fluorescein staining ranging from from 1 to 7
according to NEI level. Patients were administered three times
daily for a two-month period with Isomar Eyes Plus, a hypotonic
solution containing Hyaluronic Acid, Hypromellose and L-Carnitine,
erythrol and betaine as osmoprotectant soluble molecules. Tear
osmolarity (TearLab), Schirmer | Test, corneal and conjunctival vital
stainings, conjunctival impression cytology with goblet cell (GCs)
count, symptom intensity evaluation with VAS (Visual Analogue
Scale) technique were performed and compared at endpoint versus
baseline.

Results: At endpoint versus baseline, respectively, variables
significantly improved (Wilcoxon test, p always < 0.01). Data are
expressed as median (min-max values) [Cl 95%]). Tear osmolarity
(mOsm/L): 290 (279-301) [286-298] versus 307 (293-315) [300-
312]; OSDI (score): 16 (16-26) [16-19.4] versus 28 (18-36) [24-30];
VAS (score): 2.8 (1.5-3.5) [2.1-2.9] versus 5.9 (5.2-7.1) [5.8-6.1];
TFBUT (sec): 9.5 (8-12) [8.5-10.7] versus 7.1 (5.4-9) [6.5-7.8]; vital
staining showed complete epithelial healing at endpoint in 48 out
of 60 eyes; imprint cytology score: 1 (1-2) [1-1.2] versus 1.5 (1-2.5)
[1-1.5]. GC density improved at endpoint (media + SD: 182.6 + 28.6
cells/mm?) as compared to baseline (142.5 + 25.6 cells/mm?, p <
0.01). Tolerability was high, with no adverse events noted.

Conclusions: A two-month treatment with Isomar eyes plus,
containing L-Carnitine, Erythrol and Betaine as osmoprotectants, is
able to reduce tear osmolarity, subjective symptoms of discomfort
and ocular surface epithelial damage, associated to an increasing
tear film stability.

Keywords

Dry eye, Tear instability, Ocular discomfort, Visual related function,
OSDI score, VAS score, Osmoprotectants

Introduction

Increasing evidence suggests that osmotic stress, caused by altered
extracellular osmolality, is a highly relevant challenge to normal cell
function in a variety of tissues, including human bronchial epithelial
cells [1,2], peripheral blood mononuclear cells [3], kidney [4], and the
corneal epithelium [5]. Dry eye disease (DED) is a “a multifactorial
disease of the tears and ocular surface that results in symptoms of
discomfort, visual disturbance, and tear film instability with potential
damage to the ocular surface. It is accompanied by increased
osmolarity of the tear film and inflammation of the ocular surface” [6].
The pathophysiology of DED is referred as a vicious circle where tear
hyperosmolarity plays a key role [7]. Tear hyperosmolarity stimulates
death of the epithelial surface cells and a cascade of inflammatory
events, which lead to loss of mucin-producing goblet cells. This
exacerbates the tear film instability and contributes to the circle of
events that perpetuate DED [8]. Both in vitro and in vivo experiments
have linked hyperosmolarity to inflammatory changes in DED [9,10].

Various therapies are addressed to reduce hyperosmolarity
in DED. Traditional approaches include the use of hypotonic tear
substitutes, which shows a limited stay for a few minutes after
instillation [11]. Treatments may also benefit from inclusion of
osmoprotectants in the tear substitute formulation; these are naturally
occurring compatible solutes that are internalized by cells, restoring
cell volume and stabilizing proteins. Recent formulations of artificial
tears including one or more osmoprotectants have been developed.
The osmoprotective effects of L-Carnitine, betaine, and glycerol have
been previously shown in osmotically stressed bacteria and yeast [12-
15]. In particular, betaine is one of the essential osmolytes accumulated
in most tissues to assist cell volume regulation [16-20]. It has been
reported that addition of betaine to cultured human corneal epithelial
cells subjected to hyperosmolar media inhibited the hyperosmotic-
induced phosphorylation ratios of Jun-N-terminal and p38 kinases to
below the ratios found for physiologic osmolarity, indicating an osmo
protective role for betaine in these cells [21]. Garrett and collaborators
demonstrated the ability of exogenous betaine to stabilize human
corneal limbal epithelial (HCLE) cell volume under hyperosmotic
stress and to limit hyperosmotic stress-induced HCLE apoptosis, thus
aiding the survival of HCLE cells under hyperosmotic stress [22].
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The purpose of this study is to preliminarily investigate whether
the application of a novel product containing L-Carnitine, erythrol
and betaine as osmoprotectant soluble molecules designed to reduce
the tear hyperosmolarity can modify signs, symptoms and tear
osmolarity in dry eye patients.

Methods

This was a prospective, open-label, single-centre study performed
at one research site in Bologna, Italy (Ophthalmic Unit, University of
Bologna, S. Orsola-Malpighi Hospital).

Thirty patients (sixty eyes) affected by mild-moderate hyper
evaporative DED with subjective ocular discomfort symptoms for
over three months were enrolled (24 women, 6 men, median age
45.5 years, min-max value 24-53 yrs, 95% CI 42.3-51 yrs). The study
was approved by the local Independent Ethics Committee and was
conducted in accordance with the ethical principles of the Declaration
of Helsinki and in agreement with the current legislation on clinical
research in Italy. All subjects signed an informed consent form before
starting the study.

Inclusion criteria were: age > 18 years, good general health, ocular
discomfort symptoms for over three months, Ocular Surface Disease
Index (OSDI) [23] score ranging from 18 to 36, Schirmer test > 10
mm/5 min, TBUT < 10 sec, corneal fluorescein staining ranging from
1 to 7 according to NEI level [24].

Exclusion criteria were: previous ocular surgery performed in
the year leading up to the visit; wearing contact lenses; punctual
plug placement or cauterization, ocular allergy, concomitant topic
medications. Subjects who met the inclusion criteria of the study were
dispensed sodium chloride-based eye drops, to be used in both eyes
for two days (wash-out period). This served to normalize the study
population to an identical regimen of eye drops use, and allowed for
washout and minimization of any effect from previous lubricant eye
drops/medications use.

Treatment

ISOMAR Eyes Plus is an ophthalmic solution hypotonic as
compared to natural tears (290 mOsm / L). The product contains
0.25% Hyaluronic Acid (HA), at a molecular weight 1.5-1.8 kD and
Hypromellose 0.25%, both substances that give rise to mucus mimetic
solutions and muco adhesive, with excellent lubricating properties
[25]. The viscosity of such solutions is close to the non-Newtonian
fluid behavior of natural tears and is such as to allow an effective
moisturizing effect and a stabilization of the tear film. The Polyethylene
glycol 0.25% enhances the rheological behavior of HA and its better
distribution on the corneal surface. A group of osmoprotectant
substances (L-Carnitine, Erythritol) are combined with Betaine, and
in this respect the formulation is unique. These substances tested in
vitro individually and in combination have proved to exert a protective
effect against the hyperosmotic stress [26]. To complete soothing
action, extracts of medicinal plants (Cineraria Marittima, Calendula,
Euphrasia, Strawflower, Cornflower), known for the refreshing effect
on the mucous membranes and epithelia, have been added.

Visits

The study included four visits during two months, i.e., visit 0 (VO,
recruitment), after 1-3 days of wash out with sodium chloride eye
drops (baseline, V1, beginning of treatment), after 1 month (V2) and
after 2 months of therapy (endpoint, V3). Patients were instructed to

administer one Isomar Plus’ drop/eye/3 times/day and to record any
specific sensation at instillation.

Tests

The following tests were performed at all four visits. Subjective
symptoms of dry eye were graded on the basis of the OSDI (Ocular
Surface Disease Index) dry eye discomfort symptoms questionnaire.
Factor analysis disclosed that there were 3 subscales, interpreted
as subscale A. ocular symptoms (5 questions); subscale B. Vision-
related function (4 questions); and subscale C. environmental triggers

(3 questions). Each of the three subscale score was calculated and
included in the statistic.

A 100 mm horizontal VAS (Visual Analogue Scale) technique
was used to measure symptom intensity. Patients were asked to mark
the level of their discomfort on a 100 mm, non-hatched VAS scale
marked at one end as “no pain” and at the other as “pain as bad as it
could be”. Using a ruler, the score was determined by measuring the
distance between the “no pain” end and the patient’s mark, providing
a range of scores from 0-100 with a higher score indicating a greater
pain intensity [27].

Tear Film Break Up Time (TBUT) was measured and recorded
(average of three measurements) using 2 pL sodium fluorescein
(Fluoralfa 0.25%, Alfa Intes, Italy). Schirmer test I was performed
by using validated sterile test strips (ContaCare Ophthalmics and
Diagnostics, Gujarat, India), as recommended in DEWS [28]. To
quantify corneal and conjunctival surface damage, 1% fluorescein
sodium vital staining (2 pl volume) was graded according to the NEI
(0-15) [24] with the aid of a 7503 Boston yellow filter kit (equivalent
to Kodak Wratten 12) to enhance staining details. Conjunctiva Van
Bjisterveldt score 0-18 was graded according to Lemp [24].

The following tests were performed at visits V1 and V3. Tear
osmolarity was measured with the TearLab Osmolarity System
(TearLab Corp, San Diego, CA, USA) at the lower external fornix, as
described elsewhere, with the 305 mOsm/L value taken as cut-off for
DED diagnosis [29]. Only the higher value among the two eyes was
included in the statistical analysis.

Impression cytology was used to evaluate conjunctival
epithelial metaplasia and goblet cells (GCs) density. Conjunctival
epithelial metaplasia scoring was performed accordingly to DEWS
recommendations and scored grading 0-5, as described by Tseng [30],
with values > 1 being considered pathological. PAS-positive goblet
cells density was expressed as the number of cells/mm? (mean of four
adjacent visual fields at x 100 magnification) [31].

Patient’s satisfaction was evaluated by a VAS-based satisfaction
questionnaire composed by 4 questions (Table 1). For statistical
analysis, score at baseline (V1) concerning their feeling about the last
therapy administered prior to the study was compared to endpoint
(V3).

Tolerability was assessed by a VAS scoring of specific symptoms
(blurring, redness, itching, stinging) recorded upon instillation.

Statistical analysis

Data were collected in both eyes, with the worse of the two
being the more relevant number included in the statistic Data were
statistically analysed using the MedCalc 5.0 and SPSS 14 software
and applying the Wilcoxon’s test for paired to evaluate the changes
between baseline and endpoint (p < 0.05 was considered to be
statistically significant). Descriptive statistics for tests and variables
analysed in subjects were reported as the mean + SD. Pearson’s (r) or
Spearman’s (p) correlation coefficients were applied when appropriate;
correlations were considered statistically significant at p < 0.05 (small
correlation strength 0.10 to 0.29; medium 0.30 to 0.49; large 0.50 to
1.00).

Results

All subjects enrolled for treatment completed the study. They
declared to have administered the eye drops three times / day as
requested in the protocol. No significant changes in any of the tests
performed were observed between enrolment (V0) and baseline visits
(V1), data from visit VO were however included in graphs.

Subjects underwent to a progressive and statistically significant
reduction of discomfort symptoms, as evaluated by OSDI score
(Figure 1A); in particular, the OSDI score at endpoint was shown to
be half that detected at baseline. OSDI was further analysed in the
following three subscales: ocular symptoms, vision-related functions,
and environmental triggers (Figure 1B). Scores on the ocular
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symptoms subscale improved significantly more in vision-related
functions (sub-scale B) and environmental triggers (sub-scale C).

The Visual Analogue Scale of symptoms was also shown to be
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Figure 1: Results from Ocular Surface Disease Index (A) and VAS score (C)
for subjective symptoms, recorded at enroliment (V0), baseline (V1) and after
one (V2) and two (endpoint, V3) months of treatment with Isomar Eyes Plus.
OSDI sub scores graphed in B refer to ocular symptoms questions (sub scale
A), vision-related function questions (sub scale B) and environmental trigger
questions (subscale C). ‘Indicate statistically significant results p < 0.05.

significantly reduced already at V2, with a value at endpoint found to
be half that detected at baseline (Figure 1C).

In figure 2 results from clinical tests were summarized. Statistically
significant decrease in tear osmolality was found at endpoint versus
baseline (Figure 2A). Statistically significant improvement of TFBUT
from baseline were observed at each follow-up visit and endpoint
(Figure 2B) whereas Schirmer I test did not show significant changes
in tear production from baseline at each follow-up visit and endpoint
(Figure 2C). Corneal staining scores (Figure 2D) and conjunctival
staining scores (Figure 2E) were significantly decreased from baseline
at each follow-up visit and endpoint.

A strong direct correlation between tear osmolarity and VAS score
of subjective symptom of discomfort was shown either at baseline and
endpoint (respectively Spearman’s p = 0.610 and 0.629, p <0.01).

Conjunctival epithelial metaplasia score significantly decreased to
0.8 + 0.3 at endpoint (V3) with respect to baseline (V1, 1.4 + 0.5).
Conjunctival impression cytology showed a statistically significant
increase in GC density at endpoint (V3, media + SD: 182.6 + 28.6
cells/mm?) as compared to baseline (V1, 142.5 + 25.6 cells/mm?, p <
0.01).

Scores for the VAS satisfaction questionnaire are summarized
in table 1. Symptom relief after one month treatment and further at
endpoint (V3) with respect to baseline (V1) was found. The V1 point
showed the answers given by patients at baseline, which refer to their
feeling about the last topical therapy administered before the present
study.

The overall incidence of treatment-related Adverse Events (AEs)
was very low and feelings were disappearing within 3 minutes from
instillation. Mild eye irritation with conjunctival hyperemia was
reported in 1 subjects, blurred vision was reported in another subject.
The rate of discontinuations due to AEs was 0%.

Discussion

The present study demonstrated that treatment with a novel
multiple action solution containing three osmo protectant molecules
including betaine is able to reduce tear osmolarity value in mild to
moderate DED patients. This was shown to be associated to an increase
in tear stability, a reduction of subjective discomfort symptoms and
ocular surface epithelial damage.

DED is characterized by the presence of typical symptoms of
irritation, burning, itching, and sensation of a foreign body eye that
significantly affect the quality of life the patients. Even in its early
stages, DED subjective symptoms are accompanied by increased
osmolarity of tears and reduction of mucus cells, which progresses
to an advanced stage epithelial metaplasia and conjunctival pseudo-
keratinization of mucosa [32]. The main mechanisms of DED are part
of a vicious cycle that is self-perpetuating in the absence of adequate
therapy, and can be traced back to four cornerstones referred as tear
hyper osmolarity, tear instability, cell apoptosis and inflammation
with release of various cytokines and MMPs.

Tear substitutes represent the first-level treatment for DED and
their formulations have undergone numerous improvements to
enhance their efficacy and safety to the ocular surface [33]. In vitro
studies showed that some substances with osmo protectant action
such as L-Carnitine, betaine, glycerol, and the polyol erythritol
significantly lowered levels of activated MAP kinases in human corneal

Table 1: Summary of the results from the four-question VAS satisfaction questionnaire. The V1 results refer to answers given by patients concerning their feeling about
the last therapy administered prior to the study. A statistically significant (always p < 0.01).

My eyes feel dry in the morning 6.5+1.2 5621 48+1.3 VA vs V2
My eyes feel dry at the end of the day 7.7+08 59+19 38+1.9 V2 vs V3 ‘
My eyes feel refreshed when | administer the product 35+15 6.1+2.0 73+1.1 V1vs V3 ‘
| frequently forgot my symptoms during the use of this product 3.0+05 5313 6.1+0.9 always p < 0.01 ‘
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Figure 2: Summary of results from Tear Osmolarity (A), Tear Film Break Up Time (B), Schirmer | test (C), corneal vital staining scored with the NEI (National Eye
Institute) score (D) and conjunctival vital staining scored with the van Bijisterveldt score (E) recorded at enroliment (V0), baseline (V1) and after one (V2) and two
(endpoint, V3) months of treatment with Isomar Eyes Plus. ‘Indicate statistically significant results p < 0.05.

cells subjected to hyperosmolar stress condition that simulate the
DED [21]. Interestingly, these osmo protectants not only suppressed
production but also inhibited activation of MMP-9 and MMP-2, and
L-Carnitine showed the strongest suppressive effect on these MMPs
[34]. L- Carnitine was also shown to regulate cell volume under
hyperosmotic stress in vitro models and ameliorate hyperosmotic
stress—induced apoptosis evaluated with TNF-alpha release and
caspase enzymes activity [35]. Betaine was shown to exert similar
protective effects against apoptosis [22]. Further, osmoprotectant
L-Carnitine, erythritol and betaine were shown to suppress
inflammatory responses in HCECs exposed to hyperosmotic stress,
with particular reference to pro-inflammatory cytokines, TNF-a, IL-
1B and IL-6, and chemokines, IL-8, CCL2 and CCL20, thus providing
evidence on potential efficacy in reducing innate inflammation in
DED [36]. Efficacy of osmo protectants betaine, L-Carnitine and
erythrol was also confirmed in environmentally induced DED animal
models. Treatment of mouse dry eye with osmo protectants resulted
in a significant reduction in corneal staining, number of apoptotic
epithelial cells, and expression of TNF-a, IL-17, IL-6, or IL-1p, as
well as significantly increase of conjunctival goblet cells density [26].

L-Carnitine and erythrol enter in formulations of commercially
available tear substitutes and the efficacy of these products has been
evaluated in the course of clinical trials.

Kaercher and coll performed observational studies in large
populations of DED patients and found a reduction in subjective
symptoms of discomfort and improvement of tear stability after
4 weeks treatment with products containing osmo protectants L/
Carnitine and erythrol [37,38].

Subjective symptom reduction and improvement of tear stability
were confirmed in another multi centre study after three months of
therapy with the same commercially available products containing
osmo protectant L-Carnitine and erythrol [39]. On the contrary,
Lanzini and coll found no significant difference in Schirmer I Test,
TFBUT and vital staining but significant reduction of the expression
of MMP-9 and IL6 associated to a better in vivo confocal microscopy
ocular surface morphology in an osmo protectant containing product
treated group compared to a non-osmo protectant product treated
control group of DED patients [40].

All patients enrolled in the present study exhibited good
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compliance to the treatment: data showed good tolerability, lacking
of adverse effects upon instillation and high satisfaction score. All
patients reported a statistically significant reduction in subjective
symptoms of discomfort, conjunctival epithelium metaplasia
(associated to increase of GC density) and tear osmolarity values,
both after one month treatment and at endpoint by comparison
with baseline. A strong direct correlation was found between DED
symptoms scored with VAS scale and tear osmolarity values, in
agreement with previous works [41,42], and further confirming the
role of tear hyper osmolarity in epithelial damage [9,43].

Our results showed statistically significant increasing in TFBUT in
all patients, improving over time, although only 21 out of 30 patients
was able to reach normal values over the period of observation in
this study. Both corneal and conjunctival epithelial damage were
significantly reduced after one month of treatment and vital staining
showed complete epithelial healing at endpoint in 48 out of 60 eyes.

In summary, our study demonstrated that a two-month treatment
in mild to moderate dry eye patients with Isomar eyes plus, containing
L-Carnitine, Erythrol and Betaine as osmoprotectants, is able to
reduce tear osmolarity, subjective symptoms and ocular surface
epithelial damage, associated to an increasing tear film stability.
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