
© 2018 Fariselli et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php  
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Ophthalmology 2018:12 1293–1300

Clinical Ophthalmology Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
1293

O r i g i n a l  r e s e a r C h

open access to scientific and medical research

Open access Full Text article

http://dx.doi.org/10.2147/OPTH.S174290

Trehalose/hyaluronate eyedrop effects on 
ocular surface inflammatory markers and mucin 
expression in dry eye patients

Chiara Fariselli
giuseppe giannaccare
Michela Fresina
Piera Versura
Ophthalmology Unit, Department of 
experimental, Diagnostic and specialty 
Medicine, school of Medicine (DiMes), 
alma Mater studiorum University 
of Bologna and st Orsola-Malpighi 
Teaching hospital, Bologna, italy

Aim: To assess the ocular surface parameters, inflammatory marker level in tears, and mucin 

expression in conjunctival epithelium before and after treatment with trehalose/hyaluronate tear 

substitute in dry eye (DE) patients.

Patients and methods: Fifteen DE patients were evaluated in an open-label, pilot study at 

enrollment, after 2 days of washout (baseline) and after 1 and 2 months (endpoint) of treatment 

with a trehalose/hyaluronate tear substitute (one drop/eye/three times daily). Data for symptoms 

of discomfort (Ocular Surface Disease Index and Visual Analogue Scale pain score), tear film 

(Schirmer test I, tear film breakup time), ocular surface damage (corneal National Eye Institute) 

and conjunctival van Bijsterveld scores, impression cytology scored by Nelson’s grade and goblet 

cells (GCs) number/mm2 analysis, and MUC4 immunostaining, and inflammation (interleukin 

[IL]-1β, IL-6, and IL-8 levels) were measured.

Results: Significant changes at endpoint as compared to baseline were found for Ocular Surface 

Disease Index score (respectively, mean±SD, 22.2±2.9 vs 38.7±12.7), Visual Analogue Scale 

score (3.4±1.3 vs 6.6±1.4), tear film breakup time (8.6±1.28 vs 6.17±1.9 seconds), corneal stain-

ing (National Eye Institute grade 1.23±0.64 vs 3.37±0.49), conjunctival staining (1.73±1.14 

vs 4.17±0.91), impression cytology (Nelson grade 1.10±0.20 vs 1.63±0.54), and GC density 

(139.9±22.0 vs 107.8±16.2 GC/mm2). IL-1β, IL-6, and IL-8 tear levels showed a significant 

decrease at endpoint as compared to baseline (respectively, pg/mL tears: 12.3±6.9, 26.6±25.2, 

743.5±477.7 vs 33.6±17.3, 112.0±24.3, 1,139.2±671.7).

Conclusions: A decrease in ocular discomfort symptoms, surface damage, and tear cytokine 

levels was shown after 2 months’ treatment with trehalose/hyaluronate tear substitute in DE 

patients, along with a significant GC density recovery. These results may be associated with 

the synergic action of both trehalose and hyaluronic acid in targeting different entries of the 

DE vicious loop.

Keywords: dry eye, trehalose, hyaluronic acid, tear substitute, inflammation

Introduction
Dry eye disease (DED) is a widespread disease often associated with clinically 

significant ocular surface inflammation. It is defined as “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 surface 

inflammation and damage, and neurosensory abnormalities play etiological roles”.1 

These key elements contribute to the DED pathophysiological process and are rec-

ognized as etiological triggers of a vicious circle, which is self-sustained without an 

appropriate therapeutic intervention. The DEWS I classification scheme presented two 
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different types of DED, the aqueous-deficient dry eye (DE) 

and the evaporative DE;2 but the TFOS DEWS II identified 

DED subcategories, attributable to a “aqueous deficient and 

evaporative continuum”, with signs of both reduced tear 

volume and deficient lipid layer.

The composition of the tear film and any change in tear 

profile give considerable information about eye health, as it 

is recognized that tear fluid can be used as a source of disease 

biomarkers3 and tear biomarkers can be used to monitor the 

disease progression and the efficacy of a treatment. In DE, 

tear proteomic analysis can identify proteins, cytokines, 

and chemokines related to the severity of the disease.4,5 The 

presence of an inflammatory condition can be detected by 

the analysis of epithelial-derived inflammatory mediators, 

such as interleukin (IL)-1β, IL-6, and IL-8.3,6,7 Identifying the 

level of ocular surface inflammation may guide therapeutic 

decisions,8 allowing for more predictive and personalized 

therapies.3

The first-line therapy in DED is the administration of 

tear substitutes, with the aim to restore the tear film deficient 

in quality and/or quality,9 and latest generation products 

are designed with combined formulas, targeted to address 

and break specific points within the DED vicious cycle. 

A new topical treatment composed of the novel promising 

combination between the natural disaccharide trehalose and 

the sodium hyaluronate has been quite recently commercial-

ized, and it was shown to increase the tear film thickness in 

patients with mild to moderate DED,10 with an improvement 

in ocular surface parameters and patient satisfaction.11 The 

purpose of this study was to investigate whether an effect on 

other components of the DED vicious cycle may be seen in 

patients suffering from DED and treated with this trehalose/

hyaluronate combination and in particular on mucin expres-

sion and inflammatory markers in tears.

Patients and methods
This was a prospective, open-label, noncomparative, 

single-center pilot study performed at one research site (the 

Ophthalmic Unit, Alma Mater Studiorum University of 

Bologna, S. Orsola-Malpighi Teaching Hospital). The study 

was approved by the local Independent Ethics Committee 

of the S. Orsola-Malpighi Hospital 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. Signed informed consent 

was obtained from all individual participants included in 

the study. Fifteen patients (14 women aged 54 years as a 

median, one man aged 58 years) with subjective ocular 

discomfort and diagnosed with hyperevaporative DED were 

enrolled. Inclusion criteria were as follows: age higher than 

18 years, good general health, ocular discomfort symptoms 

lasting 3 months, Ocular Surface Disease Index (OSDI) 

score 18/100, Schirmer test 10 mm/5 minutes, tear film 

breakup time (TFBUT) 10 seconds, and moderate to severe 

corneal and conjunctival epithelial damage (National Eye 

Institute [NEI] score 3). Exclusion criteria were as follows: 

previous corneal surgery, contact lens wearers, concomitant 

ocular treatment, and known hypersensitivity to any compo-

nent of the product under study.

Subjects who met the inclusion criteria were enrolled, and 

sodium chloride 0.9% sterile solution was dispensed to be 

used in both eyes for 2 days (washout period). This served 

to normalize the study population to an identical regimen of 

eyedrop use and allowed a minimization of any effect from 

previous lubricant eyedrop/medications use.

Treatment
The trehalose/hyaluronate tear substitute utilized in this 

study is marketed with the commercial name of Thealoz 

Duo® (Thea Laboratoires, Clermont-Ferrand, France). It is 

a tear substitute composed of the combination of two ingre-

dients: trehalose and sodium hyaluronate. The former is a 

natural alpha-linked disaccharide with high water retention 

capabilities.11 It is able to directly interact with nucleic acids, 

and it is implicated in anhydrobiosis, the ability of plants 

and animals to withstand prolonged periods of desiccation. 

The latter is the sodium salt of hyaluronic acid, an anionic 

glycosaminoglycan polysaccharide found in various con-

nective tissue in humans. It has lubricant properties, forms 

a viscoelastic solution in water, and contributes to create a 

mechanical protection for cells.11 Patients were instructed to 

administer Thealoz Duo with the regimen of one drop/eye/

three times daily.

Design of the study
The study included four visits over 2 months period and spe-

cifically visit 0 (V0, recruitment), after 1–3 days of washout 

(baseline, V1, beginning of treatment), after 1 month (V2), 

and after 2 months (endpoint, V3) of therapy. Patients were 

also invited to record any specific sensation at instillation.

Tests
The following tests were performed at all four visits:

Ocular discomfort symptoms were scored by the OSDI 

questionnaire.12 Factor analysis disclosed that there were 

three subscales, interpreted as subscale A, ocular symptoms 
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(three questions); subscale B, vision-related function (six 

questions); and subscale C, environmental triggers (three 

questions). Each score of the three subscales was calculated 

and included in the statistics. The total score ranges from 

0 to 12 (no disability), 13–22 (light DE), 23–32 (moderate 

DE), and 33–100 (severe DE).

A Visual Analogue Scale (VAS) technique was used to 

measure symptom intensity. Patients were asked to mark the 

level of their discomfort on a 100 mm, nonhatched 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 to 100 

with a higher score indicating greater pain intensity.

Schirmer test I was performed with validated sterile 

strips (ContaCare Ophthalmics and Diagnostics, Gujarat, 

India) placed in the inferior fornix of both eyes at the same 

time: pathological values were considered 10 mm wetting 

after 5 minutes.13 TFBUT was carried out to evaluate tear 

film stability and was measured and recorded (average of 

three measurements) after instillation of 2 µL unpreserved 

fluorescein sodium 2% (galenic preparation from Fluoralfa 

0.25%, Alfa Intes, Casoria, NA, Italy). TFBUT was consid-

ered pathological with values 10 seconds.14

Corneal vital staining was performed to investigate the 

ocular surface damage by using fluorescein sodium 2%, and 

staining details were enhanced using a 7,503 Boston yellow 

filter (equivalent to Kodak Wratten 12) and graded accord-

ing to the NEI grading system (score 0–15).15 Conjunctival 

damage was graded on the basis of the conjunctival van 

Bijsterveld score (score 0–9).16

The following tests were performed at visits V1 and V3:

Impression cytology was used to evaluate conjunctival 

epithelial metaplasia and goblet cell density (GD) and was 

scored by Nelson’s grade (0–3). Goblet cell (GC) analysis was 

expressed in number of cells/mm2.17 MUC4 is a mucin with 

lubricating, clearing, and barrier function, and its expression 

was analyzed with immunostaining (Ventana Medical Sys-

tem, Tucson, AZ, USA). The H-score (range: 0 [no staining in 

any cell] to 3 [all cells staining with the highest intensity]) was 

calculated as the summation of the product of staining inten-

sity (range: 0–3) and proportion of cells stained (range: 0–1; 0, 

no cell stained and 1%–100%, cell stained).18

The levels of three inflammatory cytokines IL-1β, IL-6, 

and IL-8 were detected by multiplex bead assay (Magnetic 

Luminex® Assay; Human Premixed Multi-Analyte Kit, R&D 

Systems Europe, Ltd., Abingdon, UK), using a Luminex 

S-100 (Biorad Bio-Plex 100, Segrate Milano, Italy). Briefly, 

a minimum of 5 µL tear samples were collected with a 

laboratory micropipette (Pipetman P, Gilson International 

B.V., Den Haag, the Netherlands) with a sterile tip positioned 

at the outer canthus. Five microliters of sample was diluted 

1:5 with assay diluent; buffered protein with preservatives 

was incubated with antibody-coated capture beads for 

2 hours at 22°C. Washed beads were further incubated with 

biotin-labeled antihuman cytokine antibodies for 1 hour at 

22°C, followed by streptavidin phycoerythrin incubation. 

Standard curves of known concentrations of recombinant 

human cytokines were used to convert fluorescence units to 

cytokine concentrations (pg/mL).

satisfaction and tolerability
Patient’s satisfaction was evaluated at all four visits by a 

VAS-based satisfaction questionnaire composed of the fol-

lowing questions: 1) My eyes feel dry in the morning; 2) My 

eyes feel dry at the end of the day; 3) My eyes feel refreshed 

when I administer the product; 4) I frequently forgot my 

symptoms during the use of this product. Score at V0 and V1 

referred to the feeling about the latest therapy administered 

prior to the beginning of the study. For statistical analysis, 

VAS score at baseline (V1) was compared with that recorded 

at endpoint (V3).

Tolerability was assessed by a VAS scoring of specific 

symptoms (blurring, redness, itching, and stinging) recorded 

upon instillation, and it was evaluated at all four visits as 

described above for satisfaction.

statistical analysis
Data were statistically analyzed using the MedCalc 5.0 and 

SPSS software (IBM Corporation, Armonk, NY, USA) 

and applying Wilcoxon’s test for paired data (P0.05 was 

considered to be statistically significant). Descriptive statistics 

for tests and variables analyzed in subjects were reported as 

the mean±SD. Pearson’s (r) correlation coefficients were 

applied when appropriate; correlations were considered 

statistically significant at P0.05.

Outcomes
The outcomes for the mean change from baseline analyses for 

each subject were set on the 20% reduction for OSDI and VAS 

score, on the 20% increase for TFBUT, and on a one-point 

reduction for the corneal and conjunctival vital stain score.

Results
All subjects enrolled for the treatment completed the 

study. They declared to have administered the eye drops 
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three times/day, as requested in the protocol. No significant 

changes in any of the tests performed were observed between 

enrollment (V0) and baseline visits (V1); data from visit V0 

were included in graphs associated with V1.

All ocular parameters improved after the treatment, 

except for the Schirmer test values that did not change 

at endpoint as compared to baseline. Ocular subjective 

symptoms demonstrated a significant (P0.01) reduction 

of either OSDI and VAS score, and in particular, 14 of 15 

patients were found to have a mean change from baseline 

reduced over 20% for both the measures. Analysis of the 

three subscales demonstrated a statistically significant change 

in the ocular discomfort in the vision-related function and 

environmental triggers subscales but not in ocular symptoms 

subscales (Figure 1).

A significant increase in TFBUT values was found at end-

point as compared to baseline (Figure 2) in all subjects, and in 

particular 11 of 15 patients were found to have a mean change 

from baseline increased over 20%. Both the corneal and 

conjunctival damage scores were shown to be significantly 

reduced at endpoint as compared to baseline (Figure 2). For 

the NEI score, the mean change from baseline was reduced by 

one point in five patients and six showed a greater reduction 

by two points. For the van Bijsterveld score, the mean change 

from baseline was reduced by one point in three patients and 

seven showed a greater reduction by two points.

Impression cytology scores showed a statistically sig-

nificant reduction and an improvement in GD at endpoint 

as compared to baseline (Figure 3). A light increase not sta-

tistically significant (P=0.08) was demonstrated for MUC4 

immunostaining at endpoint as compared to baseline, as the 

H-score values were 1.2±0.4 vs 1.1±0.5, respectively.

IL-1β, IL-6, and IL-8 tear levels were found above the 

minimum detectable level in all subjects at baseline with 

a significant (P0.01) decrease at endpoint as compared 

to baseline (Figure 4). Cytokine levels were correlated to 

surface damage at baseline (Pearson’s r ranging 0.45–0.59, 

P0.0001) but not at endpoint.

Figure 1 OsDi total score (upper left) and Vas scale (bottom) values are graphed. OsDi subscale values in the upper right are reported as subscale a (questions related to 
ocular symptoms), subscale B (vision-related function), and subscale C (environmental triggers).
Notes: *Significance P0.05. V0, recruitment; V1, baseline; V2, after 1 month of treatment; V3, after 2 months of treatment (endpoint).
Abbreviations: OsDi, Ocular surface Disease index; Vas, Visual analogue scale.
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Results from the VAS-based satisfaction questionnaire 

are summarized in Table 1. All patients reported a signifi-

cant decrease in the feeling of dryness both in the morning 

and at the end of the day, which was reduced by 50% at 

endpoint as compared to baseline. They also reported a 

feeling of refresh and the disappearance of their discomfort 

symptoms during the use of the product, with a VAS score 

improved. Only 2 of 15 patients had a light sensation of 
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blurring, which disappeared after less than 3 minutes from 

instillation.

Discussion
The DE central core is characterized by a loop of cyclic 

events connecting tear film instability and hyperosmolarity, 

inflammatory response, and metaplastic changes of ocular 

surface epithelia, and any therapeutic approach is targeted 

to breakdown the loop at any point with the aim to prevent 

the disease progression.

Data from the present study in DE patients demonstrated 

an amelioration in ocular discomfort subjective symptoms, 

a decrease in ocular surface damage and tear cytokine levels, and 

an increase in tear film stability after 2 months’ treatment with 

the association of trehalose/hyaluronic acid tear substitute.

As far as the reduction of the subjective symptoms of 

discomfort and ocular surface damage and the amelioration 

of tear stability after the treatment are concerned, our results 

are in agreement with a previous work,11 where, however, 

the trehalose/hyaluronate tear substitute was administered 

more frequently per day but only for 1 week. Interestingly, 

a reduction of a specific category of symptoms was shown 

after treatment, ie, discomfort related to the vision-related 

function and environmental triggers, which deserves further 

investigation concerning the effects of this treatment on the 

mechanisms of perception.

Table 1 Visual analogue scale-based satisfaction questionnaire results

Question V0–V1 V2 V3 Significance

My eyes feel dry in the morning 6.2±1.6 5.8±2.3 3.8±1.5 V1 vs V2
My eyes feel dry at the end of the day 7.1±1.8 5.9±1.2 3.3±1.5 V2 vs V3
My eyes feel refreshed when i administer the product 2.5±1.5 4.1±1.2 6.3±1.1 V1 vs V3

i frequently forgot my symptoms during the use of this product 3.0±0.5 4.3±1.3 5.1±0.9 always P0.01

Notes: V0, recruitment; V1, baseline; V2, after 1 month of treatment; V3, after 2 months of treatment (endpoint).

Figure 4 Tear levels of interleukin (IL)-1β (upper left), il-6 (upper right), and il-8 (bottom) are graphed, at baseline (V0–V1) and endpoint (V3).
Notes: *Significance P0.05. V0, recruitment; V1, baseline; V2, after 1 month of treatment; V3, after 2 months of treatment (endpoint).
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A significant improvement of conjunctival epithelium 

metaplasia was demonstrated after treatment associated with 

the recovery of the GC number but not of the transmembrane 

MUC4 expression. MUC4 plays a protective role in ocular 

surface epithelia, and its level was shown to be significantly 

lower in conjunctival epithelium of patients with DES com-

pared with that in normal subjects.19 Our data do not support a 

mechanism of mucin induction taking place as a consequence 

of treatment, so far.

Clinically significant inflammation occurs in about half 

of patients with DED,8 playing an important role to initiate 

and perpetuate the disease.20 Inflammation is demonstrated 

by the infiltration of T-cells in the conjunctiva and the pres-

ence of high levels of inflammatory mediators in the tears 

of symptomatic DED patients that shows a correlation with 

clinical disease parameters.21,22 IL-1, IL-6, and IL-8 levels 

are associated with the severity of the DED and correlate 

well with ocular surface parameters.23 Furthermore, the 

identification of DED patients with underlying inflammation 

may predict patient responses to treatment and help to find a 

more targeted clinical management.8,24 Latest tear substitute 

formulations include the so-called Multiple Action Tear 

Substitutes (MATS), ie, products with the purpose not only 

to alleviate symptoms but also to target the DED vicious 

loop. In this respect, some MATS have been designed with 

the purpose to potentially reduce the ocular surface inflam-

mation, and several preclinical reports have been published. 

Some authors demonstrated the anti-inflammatory effects 

of tear substitutes in animal DE models, and in particular 

hyaluronic acid25–28 and omega-3 essentially fatty acid.29 

The anti-inflammatory effects of different tear substitutes 

were compared in a rat model of corneal scraping-induced 

inflammation: the tear substitutes tested were able to reduce 

inflammatory cell infiltration in the corneal stroma, and one 

of them was also able to decrease the secretion of IL-6 and 

IL-8.30 Topical application of a mixture of omega-3 essential 

fatty acids and hyaluronic acid improves clinical signs and 

decreases inflammatory cytokines on the ocular surface in a 

murine DED model.29 The expression of IL-1β, IL-6, IL-8, 

and tumor necrosis factor (TNF)-α was reduced in in vitro 

inflammatory model of human corneal epithelial cells treated 

with drops containing a combination of epigallocatechin 

gallate and hyaluronic acid. The same topical treatment 

demonstrated decreased levels of IL-6, IL-8, and TNF-α in 

DE syndrome in rabbits.31

In human studies, the capability of three tear supplements 

(carboxymethylcellulose-glycerin-castor, carboxymethylcel-

lulose, and hydroxypropyl guar) was demonstrated to reduce 

clinical markers of inflammation, and only the first was able to 

reduce DED-associated tear film inflammatory biomarkers.32 

Our study showed a statistically significant decrease of spe-

cific cytokine levels in tears of DED patients treated with the 

association of trehalose/hyaluronic acid tear substitute.

This is the first pilot explorative study, and the main 

limitations consist of the small number of patients included 

and the lack of a comparative control group. Also, as DED 

is a progressive disease, time for evaluation longer than 

2 months may be necessary to confirm the capability of this 

product in modulating the responses.

In conclusion, these results may be associated with the 

synergic action of both trehalose and hyaluronic acid in 

targeting different entries of the DE vicious loop; however, 

randomized studies are required to truly ascertain the mag-

nitude of their clinical value.
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