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tients (n = 50) and in 100% (n = 100) of the eyes before treatment. In 14

(28%) patients the test became negative in both eyes, and in 15 (30%) it was
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negative in one of the eyes. In 43% (n = 43) of the positive eyes, MMP-9 be-
came undetectable in the tear fluid following treatment with isotonic sea-
water. This change was statistically significant (p < 0.001). Conclusions: The
washes with ophthalmic isotonic seawater solution have a significant impact
on inflammation of the ocular surface in dry eye disease, with an ability to
make MMP-9 levels negative in 43% of cases.
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1. Introduction

Dry eye disease (DED) is a multifactorial pathology in which inflammation plays
an important role in the physiopathology of the disease [1]. Of the various pro-
inflammatory cytokines implicated, such as interleukin IL-1beta, IL-6, tumour
necrosis factor-alpha (TNF-alpha), interferon IFN gamma, caspase, transgluta-
minase 2 and matrix metalloproteinase MMP-3, etc., MMP-9 plays a fundamen-
tal role in the start, progression and creation of the vicious inflammatory circle
that leads to chronic perpetuation of the disease, as well as to secondary lesions
and irreversible damage to the corneal and conjunctival epithelial cells (clinical
keratoconjunctivitis) [2] [3] [4].

InflammaDry is a non-invasive commercial test that allows for the simple,
accurate and rapid measurement of tear MMP-9 levels on an outpatient basis. It
positively identifies levels greater than 40 ng/ml [5]. Several studies have shown
a correlation between tear MMP-9 levels and the various clinical and anatomical
parameters of dry eye, especially the Ocular surface disease index (OSDI), con-
junctival staining and corneal staining. Several studies have also demonstrated a
significant reduction in tear MMP-9 levels, indicated by a negative InflammaDry
test, following different anti-inflammatory treatments such as corticosteroids,
tacrolimus and topical cyclosporine [6] [7].

In a previous study, our team demonstrated the efficacy of ophthalmic iso-
tonic seawater solution in improving the symptoms, corneal and conjunctival le-
sions, as well as in significantly reducing levels of the proinflammatory mole-
cules IL1 and IL6 in DED patient tears, showing it to be globally more efficient
that treatment with carmellose artificial tears [8].

The proposed study aims to establish the anti-inflammatory efficacy of
eyewashes with isotonic seawater, showing them to be capable of making tear

MMP-9 levels negative or undetectable in patients with DED.

2. Methods
2.1. Study Design

Prospective study was conducted between January 2017 and June 2019. The
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study was conducted in accordance with the ethical practices contained in the
Declaration of Helsinki. The informed consent and clinical protocol were re-
viewed and approved by the University of Valencia ethical committee prior to
the start of the study. A preliminary study was carried out to calculate the num-
ber of patients needed to be included in the study (XISTAT life science software
and STATISTICA version 8 software). Each patient signed a specific informed
consent form before the start of the study that explained the purpose of the
study.

2.2. Subjects

The study included for each of the patients 1) general data (sex, age) and general
pathologies 2) study of the anterior pole by means of slit-lamp examination 3)
tonometry, and 4) retinography.

The inclusion criteria for patients with dry eye required all patients to satisfy
all the following criteria in both eyes at both the screening and baseline exami-
nations: InflammaDry test initially positive, ocular surface disease index (OSDI)
score > 12 and < 33, tear film breakup time (TBUT) < 10 seconds, Shirmer I test
result < 10 mm/5 minutes, corneal staining > 1. Only patients with DED with a
severity grading of 2 and 3 (mild and moderate) were selected, according to the
dry eye severity grading scheme from the Dry Eye Workshop Study (DEWSY)
classification, excluding severe cases (OSDI 33-100), so that the group was as
homogeneous as possible [9] [10]. Patients were always selected with a similar
severity grading in both eyes.

Exclusion criteria included the following: 1) the presence of any previous

eye disease such as neurotrophic keratitis, keratoconus, allergic conjunctivitis,
pemphigoid, etc., any previous corneal refractive surgery or any previous ocu-
lar surface surgery (pterygium, etc.); 2) use of contact lenses in the two months
prior to the start of the study; 3) use of any type of eye drops from two months
prior to the start of the study, especially lubricants, corticosteroids, tacrolimus,
cyclosporine, azithromycin or tetracyclines that may alter MMP-9 levels in tears
and directly interfere with the positivity or negativity of the InflammaDry test; 4)
the presence of tear plugs or their removal within two months prior to the start
of the study; 5) any intraocular surgery during the six months prior to the start
of the study; 6) any oral pharmaceuticals especially corticoids, immunosuppres-
sants, antihistamines, hormones, benzodiazepines, beta-blockers, tetracyclines;
7) any systemic disease, especially allergic disease in any area (rhinitis, dermati-
tis, asthma), Sjégren’s syndrome, rheumatic and autoimmune diseases, sarcoi-

dosis, or graft-versus-host disease.

2.3. MMP-9 Assessment, InflammaDry test

The InflammaDry test was used to measure levels of MMP-9. InflammaDry is
capable of detecting levels of MMP-9 greater than 40 ng/ml, giving only a posi-

tive or negative reading [11]. The InflammaDry test has a sensitivity of 85% and
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a specificity of 94% in the detection of pathological levels of MMP-9 in tears.
Specifically, those patients in whom the InflammaDry test was negative for one
of the two eyes before the start of the study were excluded.

All the tear samples were taken and the InflammaDry test (RPS, Sarasota,
Florida, USA) and the collection of data was always carried out by a single ex-
perienced researcher (MDLL) so as to avoid possible variables in the evaluation
of MMP-9 levels. The test was always conducted after a period of 3 hours from
the last application of the treatment, and under standardised room illumination
and temperature conditions (between 20°C and 25°C).

No anaesthetic could be applied to the eye for at least 10 minutes before the
collection of a sample. The lower eyelid of the patients was gently lowered to
expose the lower palpebral conjunctiva, relaxing the eyelid every 3 touches of the
tip to allow the patient to blink. The sample collection tip was gently applied 6 -
8 times to different points on the lower eyelid conjunctiva and was later held for
an additional 5 seconds on the inferior conjunctival fornix. A swiping motion
must never be used for collection of the samples.

The sample was placed in the cassette and the tip soaked in buffer for 20 sec-
onds. After resting in a horizontal position for 10 minutes, the colour of the
window was evaluated. If a blue line appeared in the window, the MMP-9 levels
in the teardrop were considered negative, and if a red line appeared, the levels
were considered positive.

In those cases with an invalid result—with no blue or red line—in either of the
two eyes, the patient continued with the treatment and a new InflammaDry test
was repeated under the same conditions 2 days later only in the eye with the
previously invalid result. If the result was invalid again, the patient was excluded

from the study.

2.4. Treatment Protocol

All the patients were treated exclusively with a cold micro-filtered isotonic sea-
water spray (Quinton® Eye Health supplied by Laboratories Quinton, Alicante,
Spain) 5 times a day for 3 weeks (Figure 1).

The Quinton Eye Health isotonic seawater solution is a polyelectrolytic solu-
tion (Na*, Cl, Mg*, K*, Ca?*, Cu**, Zn**, Be*, ...) with the presence of organic
nutrients such as vitamins (D-Biotin, Riboflavin, Nicotinamide, cyanocobala-
min) and other biomolecules [1]. The seawater was extracted in areas of plank-
tonic proliferation and cold micro-filtered at 0.22 um in a clean room, finally
being brought to isotony by adding spring water in order to obtain a salinity
analogous to that of natural tear fluid.

The isotonic solution was applied as a spray a few centimetres from the eye of

the patient.

2.5. Statistical Analysis

For statistical comparison of the MMP-9 levels before and after treatment,
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Figure 1. Quinton® ocular spray bottle.

paired t-tests and the Wilcoxon signed-rank test were conducted. The level of
significance was set at P < 0.01. The data were analysed using SPSS 18.0 (SPSS,
Chicago, IL, USA).

3. Results

A total of 1016 patients were studied in those patients who met all the inclusion

criteria for this study.

3.1. Patient Demographics

A total of 50 participants were recruited into the study (Table 1).

All the DED patients corresponded to a type 2 - 3 degree of severity (mild &
moderate) according to the DEWS classification (9), the characteristics of which
are described in Table 2.

3.2. MMP-9 Positivity and Treatment Response

In 6 patients with a positive InflammaDry test in both eyes previous to the start
of the study, the test was invalid (absence of blue or red line) in at least one of
the eyes at the end of the study. They were accordingly eliminated from the
study and replaced by another 6 subjects so as to complete the series of 50 pa-
tients.

100% of the patients (n = 50) and 100% of the eyes (n = 100) were Inflamma-
Dry-positive before starting the treatment. Following treatment with seawater, a
total of 29 patients (58%) had negative test results in at least one eye, and of
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Table 1. Demographic data of the population studied (n = 50).

Demographic data

Age, mean + SD 65.08 + 9.42 years (range: 50 - 79 years)
Female : male 1.65:1

Dry Eye Severity, n

-Mild n 33
-Moderate nl7
Hypertension nll
Cardiovascular disease nl3
Diabetes n9
Osteoarthritis n 14
Smoking history n8
Cholesterol > 260 mg/dL, n2l

Table 2. Dry eye severity level.

Dry Eye Severity Level 2 Mild 3 Moderate
MMP-9 positive, % 100% 100%
Number of patients, n 33 17
OSDI test, score 18.17 +11.83 43.32+£19.97
TBUT, seconds 5.36 + 3.18 3.42+2.16
Shirmer test, mm/5 min 10.97 + 6.46 6.60 + 3.59
Corneal staining, score 1,2 1.46 £0.74 2.48 + 0.68

these 14 (28%) had negative test results in two eyes and 15 (30%) in one of the
two eyes (6 patients in the right eye and 9 in the left eye) representing a total of
43% of the eyes. These differences were statistically very significant (p < 0.01).

3.3. Side Effects

No side effects were observed in any patient during the treatment.

4. Discussion

MMP-9 is an inflammatory marker that has been frequently shown to be ele-
vated in the tears of patients with dry eyes, though not always. According to pre-
vious studies, in 30% - 65% of the total number of diagnosed cases of DED in
which MMP-9 in the tear has been measured using the InflammaDry test, it has
given a positive result, as well as in 5% - 6% of healthy control patients [12] [13].
This variability could be influenced by the different selection criteria used in
each study. The number of cases of DED preselected in this study that had a
positive InflammaDry test result was 53.5%, and the study was conducted exclu-

sively in the positives in order to evaluate the capacity and efficacy of seawater in
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an ophthalmic solution at making MMP-9 levels negative.

Normal MMP-9 levels (ng/ml) in human tears vary between 3 ng/ml and 40
ng/ml. The InflammaDry test has a sensitivity of 85% and a specificity of 94% in
the detection of pathological levels of MMP-9 in tears [11] In previous studies,
elevated levels of MMP-9 in patients with moderate to severe dry eye disease has
been correlated with the severity and intensity of the symptoms and the corneal
alterations of these patients, and the reduction in these with good response to
the treatments [5] [6] [7]. MMP-9 plays a role in the regulation of corneal
epithelial desquamation. The increase in MMP-9 activity in dry eyes contributes
to disruption of the functioning of the corneal epithelial barrier, to the increase
in corneal epithelial desquamation and to irregularity of the corneal surface
(keratitis) and secondary ocular irritation (red eyes, gritty sensation, etc.) [2] [3]
(4].

In this study, in the 43% of the eyes with dry eye and a positive InflammaDry
test previous to the treatment, the test was negative following treatment with
seawater alone. This efficacy is similar to that encountered with other treatments
such as lifitegrast or cyclosporine + oral omega-3 fatty acids + frequent artificial
tear replacement (30% - 54%) [5] [12] [13].

In contrast to standard isotonic saline solution, seawater has a mineral com-
position which is less rich in sodium ions and much richer in bicarbonate, po-
tassium, magnesium and calcium, as well as having a more alkaline pH (7.9).
This can partially explain its anti-inflammatory and clinical efficacy in dry eye.
Low sodium levels that reduce or eliminate the electrolyte imbalance of the ocu-
lar surface are a fundamental factor in the origin of the physiopathology chain of
dry eye. Elevated bicarbonates and an alkaline pH that reduce the viscosity of
pathological conjunctival secretions while decreasing acidification of the in-
flammation-damaged ocular surface promote the tropism, healing and restora-
tion of the integrity of the conjunctival mucosa and corneal epithelium through
EGF levels. High levels of calcium have a trophic effect on the epithelia. Elevated
potassium and magnesium have a considerable anti-inflammatory capacity in
reducing levels of TNF, IL-1 beta, IL-6, IL-8, RANTES, as well as impeding the
vicious circle of dry eye chronification and perpetuation. Additionally, potas-
sium and magnesium reduce inflammation by reducing the secretion, activation
and degranulation of neutrophils, eosinophils, mastocytes and macrophages, as
well as the apoptosis of conjunctival mucosa cells during inflammatory processes
and healing by means of the activation of the EGF/EGFR pathway [14] [15] [16]
[17].

To these mechanisms of action as described above, we must add a specific
one: its of, shower-type effect, mechanically sweeping much of the cellular
waste from the eye surface, and the hyperosmolarisation of electrolytes and
pro-inflammatory molecules and cells (IL-1 beta, IL-6, IL-8 and MMP-3, espe-
cially MMP-9, TNF and macrophages and T lymphocytes). The efficacy of sea-
water has already been previously documented, in addition to DED (8), in other

dry and inflammatory diseases of the human body (dermatitis, trophic ulcers of
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the skin, atopic rhinitis [14] [15] [16]. A previous study [8] showed that seawater
reduces the presence of the pro-inflammatory molecules IL-1 beta and IL-6 to
levels almost similar to those of the normal population without dry eye. This
study shows that seawater is able to normalise previously elevated MMP-9 levels
in 43% of the eyes with DED, thus providing a biochemical basis for its

anti-inflammatory efficacy.

Limitations

This study has one limitation: the duration was too short and may be insufficient
to assess the impact of seawater on dry eye disease in the long term, since
6-month studies are required. Even so, the results provided are valuable and jus-
tify initiating a long-term study to evaluate the effectiveness of seawater at its

best and to improve the chronic course of dry eye disease.

5. Conclusion

This study has shown that an isotonic solution of seawater is effective in reduc-
ing the levels of the MMP-9 proinflammatory molecule in tears to an extent that
is statistically significant, being able to transform the positive levels prior to

treatment into 43% negative cases with dry eye.
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