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Abstract

Purpose: To evaluate the effect of tear supplementation with preservative free 0.15% zinc-hyaluronate on
ocular surface sensations and corneal sensitivity in dry eye patients.
Methods: Ocular surface sensations were assessed using the ocular surface disease index (OSDI) questionnaire
and by recording ocular sensations during forced blinking in parallel with noninvasive tear film breakup time
measurement in 20 eyes of 20 dry eye patients. Corneal sensitivity thresholds to selective stimulation of corneal
mechano-, thermal- and chemical receptors were measured using the Belmonte gas esthesiometer. All baseline
measurements were repeated after 1 month of treatment with 0.15% zinc-hyaluronate.
Results: After 1 month, a significant decrease in mean OSDI score (from 35.66 – 12.36 to 15.03 – 11.22;
P < 0.001) and a significant improvement in tear film breakup time (from 3.83 – 0.80 to 8.67 – 4.50 s; P < 0.001)
was observed compared to baseline. Sensory responses during the interblink period also significantly decreased
after 1 month (P < 0.004). Corneal sensitivity thresholds to mechanical stimulation (90.61 – 20.35 vs.
103.92 – 17.97 mL/min; P < 0.025) and chemical stimulation (33.21 – 0.51 vs. 33.58% – 0.44% CO2; P < 0.025)
significantly increased after 1 month, however sensitivity thresholds to thermal stimulation remained unchanged
compared to baseline (P > 0.05).
Conclusion: Prolonged use of 0.15% zinc-hyaluronate results in an improvement of tear film stability and a
decrease of dry eye complaints. The decrease in corneal mechano-and polymodal receptor excitability suggests
that zinc-hyaluronate helps to recover normal corneal sensitivity, and thus might have a beneficial additional
effect on reducing ocular surface complaints in dry eye patients.
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Introduction

Ocular discomfort related to ocular surface dryness
is one of the most commonly reported complaints in

ophthalmology with a reported prevalence of 5%–35%.1 The
characteristic symptoms, such as ocular dryness, foreign body
sensation, burning, redness and photophobia reported by pa-
tients are often accompanied by the classic clinical signs, such
as decreased tear film breakup time and ocular surface staining
due to corneal and conjunctival epithelial cell damage.2 As the
cornea has abundant innervation with sensory receptors, even
minor disturbances in the protective tear film layer can lead to
the development of abnormal ocular surface sensations.3

Recent studies proved that corneal nerve endings do not
only react to different types of external stimuli but can also
develop abnormal activity due to ocular surface desiccation
and increased tear film osmolarity, leading to the onset of
the unpleasant sensations that accompany dry eye.4–7 The
most common cause of ocular surface desiccation is in-
creased tear film evaporation due to disruption of the out-
ermost lipid or the innermost mucous layer.8,9

Current therapy of dry eye is based on tear supplementa-
tion to improve tear film stability and to decrease evapora-
tion, thus alleviating symptoms of irritation.10–18 Hyaluronic
acid, a natural polymer, helps to maintain ocular surface
hydration and can already be found in several artificial tears
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recommended to alleviate dry eye symptoms. A recent hya-
luronate modification involves zinc-hyaluronate complex
formation by adding zinc-chloride to an aqueous sodium-
hyaluronate resulting in a very stable molecular structure,
which functions as both a mechanical barrier and a biocom-
patible film on the ocular surface. Apart from its beneficial
effect on tear film stability due to its elastoviscous charac-
teristics, previous results indicate that hyaluronate can also
reduce the excitability of the peripheral nociceptor endings
underlying pain.19 The aim of this study was to investigate
the characteristics of ocular surface sensations and corneal
sensitivity in dry eye patients before and after tear supple-
mentation with 0.15% zinc-hyaluronate.

Methods

Patients who had been diagnosed as having dry eye
symptoms for at least 3 months, with a tear film breakup
time of <5 s and an ocular surface disease index (OSDI)
score of ‡13 evaluated by the OSDI questionnaire20 have
been enrolled in this study at the Department of Ophthal-
mology, Semmelweis University. Patients with significant
corneal staining (>Grade 2, Oxford Scale)21 were excluded
because corneal epitheliopathy can affect ocular surface
sensitivity.22–24 Subjects with a history of ocular pathologies
other than dry eye or a systemic disease known to be as-
sociated with dry eye as well as contact lens wearers were
excluded. Patients with a history of allergic, toxic or in-
fectious conjunctivitis within 6 months before the enroll-
ment were also excluded from the study.

During forced blinking, tear film quality was evaluated by
measuring the noninvasive tear film breakup time (NI-BUT)
with concomitant recordings of ocular surface sensations.
The Belmonte gas esthesiometer was used to measure cor-
neal sensitivity thresholds to selective stimulation of corneal
mechano-, thermal-, and chemical receptors. All measure-
ments were made in the morning hours by the same physi-
cian in 1 eye of each subject. In each patient, only the right
eye was used for data collection and the fellow eye was
closed with a patch. All procedures were repeated 5 min
after the instillation of 1 drop of 0.15% preservative-free
zinc-hyaluronate eye drop (Ophylosa�; Richter Gedeon
Ltd., Hungary), as well as 1 month after daily (4/day) use
of 0.15% preservative-free zinc-hyaluronate drops. At
1 month, none of the subjects received any drops at least
12 h before the measurements.

The study was conducted in compliance with the De-
claration of Helsinki, and was approved by local Ethics
Committee and the Institutional Review Board. All patients
gave written consent before enrollment. The study was
registered in the ClinicalTrials.gov database with the iden-
tification number NCT02951910 after completion of the
study since trial database submission is not compulsory in
Hungary before starting such a single center study involving
only a small number of patients.

Measurement of NI-BUT

The NI-BUT was measured using the Keeler Tearscope
Plus (Keeler, Windsor, United Kingdom) immediately after
a complete blink. During forced blinking, tear film was re-
corded by a digital camera and the captured videos were
analyzed by a masked observer. NI-BUT was defined as the

time from the last blink when visible deterioration of the
projected rings was detectable at any point over the corneal
surface. In each patient, 3 measurements were made in se-
quence and the NI-BUT was averaged from the 3 mea-
surements.

Measurement of ocular surface sensations

Continuous data of ocular surface sensations during
forced blinking was collected using a rotary potentiometer,
as it was described previously.7,9 Briefly, after training
participants were asked to continuously rate ocular surface
sensations with the potentiometer forcing the eye to remain
open.7,9 Subjects were asked to adjust the potentiometer
between no rotation (no sensation) and full rotation (maxi-
mum intensity of sensation). A specific MatLab program
(The MathWorks, Natick, MA) was written to convert data
from the potentiometer collected at 0.2-s intervals into nu-
meric values on a 10 unit scale.

Measurment of corneal sensitivity thresholds

Corneal sensitivity thresholds to selective mechanical,
chemical, and thermal stimuli applied on the central cornea
was measured using the Belmonte gas esthesiometer with
3-s air pulses of adjustable flow rate, composition (CO2%) and
temperature. Mechanical threshold levels were determined
by using variable flows of medicinal air (50–200 mL/min).25

To prevent a change in corneal temperature air was heated
to reach the ocular surface at 34�C.7 For thermal stimula-
tion, the air was heated or cooled to produce the required
changes in corneal temperature with a 10 mL/min flow
below mechanical threshold. For chemical stimulation, a
mixture of medicinal air with different concentrations of
CO2 was used with a flow rate of 10 mL/min below me-
chanical threshold.

Statistical analysis

Statistical analysis was performed with the SPSS software
(version 21.0, IBM Corp. Armonk, NY). Sample size was
determined by statistical power calculation (power 0.90;
P = 0.05) using data from previous studies at our institution.
Since Shapiro-Wilk test indicated non-normality of data, the
Wilcoxon signed-rank test was applied to compare repeated
measurements on a single subject with the Bonferroni ad-
justed p set to 0.025.

Results

This study included 20 eyes of 20 subjects (12 men, 8
women) with a mean age of 62.89 – 13.32 years. At baseline
the mean OSDI score was 35.66 – 12.36, the mean NI-BUT
was 3.83 – 0.80 s. As a result of tear supplementation with
0.15% zinc-hyaluronate, tear film breakup time significantly
increased both after 5 min (9.74 – 2.85 s; P = 0.01; Fig. 1A)
and after 1 month of treatment (8.67 – 4.50 s; P < 0.001;
Fig. 1A). Tear supplementation with 0.15% zinc-hyaluronate
for 1 month resulted in a significant decrease in the mean
OSDI score compared to baseline (15.03 – 11.22; P < 0.001;
Fig. 1B).
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Ocular surface sensations after tear
supplementation

At baseline, the intensity of ocular surface sensations rap-
idly increased during forced blinking, while 1 drop of 0.15%
zinc-hyaluronate significantly reduced sensory responses
5 min after its application (P < 0.004, Fig. 1C). After 1 month,
4 · /day use of 0.15% zinc-hyaluronate resulted also in a
significant decrease in ocular surface sensations compared to
baseline during the interblink period (P < 0.004, Fig. 1C) even
12 h after the last application of the eye drop. At 1 month,
sensory responses were significantly lower at every 5 s time
periods during the interblink interval compared to data ob-
tained at 5 min (P < 0.004, Fig. 1C).

The time to intense (score >5) ocular surface irritation
significantly increased after 1 month of treatment compared
to baseline (P < 0.025) and to data obtained 5 min after
1 drop of 0.15% zinc-hyaluronate (P < 0.025, Fig. 1D).

Corneal sensitivity after tear supplementation

Mechanical stimulation was defined by subjects as irri-
tating or stinging, while CO2 stimulation as irritating, with
predominantly burning or pricking components. The irrita-

tion after cold stimulation was reported as mildly irritating,
occasionally with cooling components.

Five minutes after instillation of 0.15% zinc-hyaluronate
drop, corneal sensitivity thresholds to mechanical and che-
mical stimulation increased significantly (P < 0.025), how-
ever sensitivity thresholds to thermal stimuli remained
unchanged (Table 1). Similarly, continuous treatment with
0.15% zinc-hyaluronate drop for 1 month resulted in a
significant increase of mechanical and chemical sensitivity
thresholds (P < 0.025; Table 1) even 12 h after the last ap-
plication of eye drops. However, sensitivity thresholds to
heat and cold stimuli remained unchanged (P > 0.05).

Discussion

The primary aim of the management of dry eye complaints
is to improve tear film dynamics and thus alleviate patient’s
ocular discomfort.26–28 Several clinical trials reported an im-
provement in both subjective symptoms and objective pa-
rameters (tear film stability, ocular surface staining) after tear
supplementation,14–18,27 although, in most cases frequent in-
stillation of eye drops is required to maintain symptom re-
mission. Treatment failure might be the result of the

FIG. 1. The effect of tear supplementation with 0.15% zinc-hyaluronate on noninvasive tear film break up time (A); on
ocular surface complaints measured with the ocular surface disease index (OSDI) scores (B); on irritation curves during the
interblink period (C); and on cumulative distribution of patients with moderate or high (>5) ocular surface irritation scores
during the interblink period (D).
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unchanged abnormal ocular surface sensitivity in dry eye
patients as not only tear film dynamics but the characteristics
of ocular surface sensations are also significantly different in
this population compared to normal subjects.7

Here we describe for the first time, that in dry eye patients
unpleasant ocular surface sensations significantly decrease
after 0.15% zinc-hyaluronate in parallel with a significant
decrease in corneal sensitivity to mechanical and chemical
stimuli. In a previous study we have shown, that HP-Guar
significantly decreased ocular surface sensations shortly
after its instillation, however this effect was attributed solely
to an improvement in the mechanical barrier of the protec-
tive tear film layer.7 Here we demonstrate that, compared to
its short term effect, prolonged tear supplementation with
0.15% zinc-hyaluronate results in a further decrease of oc-
ular surface irritation responses. Our results suggest that the
beneficial effect of long term treatment might be the con-
sequence of an improvement in tear film dynamics and also
the result of a significant decrease in corneal sensory nerve
excitability. The concept of a decrease in corneal nerve
excitability is supported by the significant drop of symptom
intensity curves and by the significantly increased sensitivity
thresholds compared to baseline. It has to be emphasized,
that the reduction in ocular surface irritation was measured
12 h after the last eye drop and tear film quality at this time
point was comparable to that was 5 min after tear substitu-
tion suggesting a similar protection of the cornea by the tear
film layer. The downward shift of the irritation curve as well
as the increased sensitivity thresholds to mechanical and
chemical stimuli suggest a decrease in the excitability of the
corneal sensory receptors after prolonged treatment with
0.15% zinc-hyaluronate.

According to previous reports, 1 drop of 0.3% sodium
hyaluronate increased tear film thickness by 30% for 23.5 min,
and 0.15% sodium hyaluronate by 20% for 40 min.15,29 In our
study, at 1 month, measurements were made 12 h after the last
application of the eye drop making the acute effect of 0.15%
zinc-hyaluronate on tear film dynamics unlikely. To assess
changes in corneal sensory nerve function, we measured the
sensitivity thresholds of different types of corneal sensory
nerve endings using a Belmonte gas esthesiometer. Our results
showed that mechanical and chemical sensitivity threshold
increased both 5 min after 1 drop, as well as after 1 month of
tear supplementation, but thermal thresholds were not chan-
ged. Taken together these results it is reasonable to conclude,
that prolonged treatment with 0.15% zinc-hyaluronate might
lead to a normalization of abnormal corneal mechano- and
polymodal receptor excitability. Abnormal corneal nerve
sensitivity in dry eye patients has already been described, and
mainly depend on the severity of dry eye.6,30,31 However, the
exact mechanism how 0.15% zinc-hyaluronate decreases the
excitability of corneal sensory receptors remains to be eluci-

dated. Previous results indicate, that the reducing effect on
intra-articular nociceptor activity of hyaluronan solutions can
be attributed to their rheological properties.32 Moreover, it has
already been demonstrated, that hyaluronate can reduce the
excitability of the transient receptor potential vanilloid sub-
type 1 (TRPV1) channel on the short term, thereby lowering
impulse activity in the peripheral nociceptor endings under-
lying pain.19 Hyaluronate, a natural glycosaminoglycan is the
main component of the extracellular matrix of the connective
tissue and has a high concentration in ocular tissues such as
the vitreous body. Hyaluronate is a biodegradable, biocom-
patible, nontoxic, nonimmunogenic and noninflammatory
substance. The high capacity for binding and retention of
water, as well as its characteristic viscoelastic properties has
led to the use of this substance in ophthalmology in the last
decades. It is widely used intraocularly during ocular surgery
as ophthalmic viscosurgical devices,33 as well as for ocular
surface lubrication at different concentrations (0.1%–0.4%) to
alleviate dry eye symptoms.34 Hyaluronate forms a long-
lasting protective coating on the surface of the eye helping to
prevent tear film break-up and the development of dryness and
irritation. Apart from its most common formulation as
sodium-hyaluronate, another hyaluronate modification in-
volves zinc-hyaluronate complex formation by adding zinc-
chloride to aqueous sodium-hyaluronate. In addition to the
typical hyaluronate characteristics, 0.15% zinc-hyaluronate
has scavenger, bactericidal, bacteriostatic and fungicidal ef-
fects and these characteristics allows the omission of tradi-
tional preservatives from the formulation.35

To evaluate the relation of tear film quality and ocular
surface sensitivity we applied a continuous rating of ocular
surface complaints and measured corneal sensory nerve
thresholds to selective stimuli in conjunction with the as-
sessment of tear film quality by measuring tear film breakup
time.7,36–47 The Belmonte noncontact esthesiometer was used
to assess the sensitivity of different types of corneal sensory
fibers, such as mechanosensory fibers that activated by me-
chanical forces; polymodal nociceptive fibers that respond to
mechanical and thermal stimuli, as well as to inflammatory
mediators; and cold fibers that are activated by the decrease of
temperature.24,25 The high reproducibility of mechanical,
thermal and chemical thresholds using the Belmonte gas es-
thesiometer has previously been reported.31,48–50

One might conclude from our results that the alleviation
of ocular surface complaints after tear supplementation with
zinc-hyaluronate might be the result of the stabilized tear
film layer as well as of a decrease in corneal nerve excit-
ability. In our opinion, the fact that prolonged tear supple-
mentation increased sensitivity thersholds to mechanical and
chemical stimulation even after 12 h of the application of the
eye drop supports the assumption that 0.15% zinc-
hyaluronate might have a direct effect on corneal nerve

Table 1. Sensitivity Thresholds to Selective Stimulation Before and After Tear Supplementation

Baseline 5 min 1 month

Mechanical (mL/min) 90.61 – 20.35 103.23 – 16.11a 103.92 – 17.97a

Cold (D�C) -0.14 – 0.11 -0.19 – 0.13 -0.18 – 0.14
Heat (D�C) +0.33 – 0.18 +0.38 – 0.11 +0.37 – 0.15
Chemical (%CO2) 33.21 – 0.51 33.51 – 0.40a 33.58 – 0.44a

aP < 0.025 compared to baseline.
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sensitivity. Although we have demonstrated a positive effect
of tear supplementation with 0.15% zinc-hyaluronate on
corneal nerve function, changes in ocular surface sensitivity
that occur during prolonged tear film substitution are not
well understood. Changes in tear film osmolarity and al-
teration in the lipid layer and transmembrane mucin gel
layer might be also responsible factors for the improvement
in subjective symptoms.4,51,52 Our future analyses aim to
examine whether tear supplementation leads to the decrease
of symptoms primarily as a result of better ocular surface
protection or whether the decrease of abnormal ocular sur-
face sensitivity is the main reason for clinical improvement.

As a conclusion, in this study we have shown, that not only
improved tear film quality, but also a decrease in the excit-
ability of corneal sensory receptors might be responsible for
the clinical improvement after prolonged use of 0.15% zinc-
hyaluronate in dry eye patients. Based on these results we may
conclude that the use of 0.15% zinc-hyaluronate eye drop is
recommended for the relief of mild to moderate dry eye
symptoms when abnormal ocular surface sensations are
present despite treatment with other agents.
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