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Abstract

Purpose: The purpose of this study is to investigate the effects of the treatment with eye-drops based on a combination of antioxidant
and mucomimetic molecules, namely 0.1% alpha-lipoic acid (ALA) and 0.3% hydroxy-propyl-methylcellulose (HPMC) on the ocular
surface of diabetic patients with dry eye symptoms. Methods: Seventy patients, 42 M and 28 F, aged from 50 to79 years (mean 62.1
± 10.5), affected by type II diabetes mellitus, were enrolled and divided in two groups treated for 2 months as follows: Group 1 (35
patients), received topical ALA/HPMC three times a day, Group 2 (35 patients) received topical HPMC (0.3%) alone, three times a day.
The main outcome measures were: Ocular Surface Disease Index (OSDI), tear film break-up time (TBUT), corneal fluorescein staining,
Schirmer I test, corneal sensitivity. An examination of tear film morphology with confocal microscopy was carried out in a subset of
patients of each group at baseline and after two months. Statistical analysis was performed with t-test for the parametric data and Mann-
Whitney U-test or chi-squared test for the nonparametric data. Results: Both treatments resulted in significant improvements of BUT,
OSDI and tear film morphology, although the improvements observed in group 1 showed a higher trend than what observed for group 2.
Moreover, only in group 1 a significant improvement was visible for corneal staining, and no significant improvements were observed
in any group for Schirmer I and sensitivity. Conclusions: These results confirmed the efficacy of HPMC in the treatment of diabetic dry
eye and indicated that the addition of a strong self-regenerating antioxidant like ALA may give a distinctive advantage for the healing of
corneal defects (as evidenced by corneal staining), beside improving HPMC efficacy on three other parameters (BUT, OSDI score, tear
morphology). Therefore, the addition of a strong antioxidant like ALA can be helpful in preventing or treating ocular surface defects in
diabetic patients, in which the oxidative damage is predominant.
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1. Introduction
The hyperglycaemic state of diabetic patients leads to

the excessive generation of free radicals (mainly reactive
oxygen species: ROS) because of an increased cell mi-
tochondrial activity [1,2]. Consequently, oxidative stress
plays an unquestionable role in the aetiology of diabetic
complications, such as corneal neuropathies, cataract and
retinopathies with different grades of severity [2–6]. In fact,
thiobarbituric acid reactive substances (TBARS), F2 iso-
prostanes and 8-OH-guanosine, that are considered reliable
biomarkers of oxidative stress, were present in serum from
diabetic patients at significantly higher levels with respect
to healthy subjects [4].

Very often, diabetic complications involving the oc-
ular surface unit result in a corneal diabetic neuropathy
due to sub-basal nerve plexus alterations [7]. Therefore,
several clinical studies in diabetic patients have revealed
a significant involvement of the ocular surface with al-
terations of the corneal and conjunctival epithelium and
persistent epithelial defects [8,9]. As a consequence, dia-

betic patients are generally considered at higher risk than
non-diabetics for ocular surgery, with a prevalence of oc-
ular surface complications [2,10]. Diabetic patients usu-
ally present decreased corneal sensitivity associated to re-
duced tear secretion, tear film hyperosmolarity and alter-
ations of corneal epithelial cell junctions, finally resulting in
corneal epitheliopathy and neuropathy [11–14]. Corneal in-
volvement may manifest with punctate keratopathy, recur-
rent erosions, different grades of neurotrophic keratopathy
and may be associated to wound healing delay and a higher
risk of infection [14–17]. Diabetic patients often complain
of dry eye symptoms, such as burning, stinging and foreign
body sensation. Additionally, increased conjunctival squa-
mous metaplasia with low goblet cell density and corneal
sub-basal nerve alterations may also occur [11–13,17–19].

Alpha-Lipoic Acid (ALA) is a naturally occurring an-
tioxidant also present in foods such as broccoli, spinach,
yeast ormeat, heart and liver [20]. Two sorts of antioxidants
generally work in biological systems: those which mainly
associate with a lipophilic phase (membranes or lipopro-
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teins such as vitamin E and ubiquinols) and those oper-
ating in the aqueous phase such as ascorbate, glutathione
and thioredoxin. ALA in its reduced form as dihydrolipoic
acid (DHLA) can interact with both phases and is a bridge
between them (Fig. 1A). Therefore, ALA and its reduced
form DHLA, are considered powerful natural antioxidant
agents with a scavenging capacity for many reactive oxy-
gen species [21,22]. However, naturally occurring ALA in
tissues (normally found at concentrations ranging between
5 and 25 nmoles/gr) is mostly found covalently attached in
an amide linkage with lysine residues on enzymes and thus
becomes unavailable as antioxidant (Fig. 1B). Dietary sup-
plementation increases unbound ALA, which can now act
as a potent antioxidant and counteract oxidative stress [23].
Beside its antioxidant activity, ALA may increase tissue
sensitivity to insulin and lowers blood glucose levels, prob-
ably by increasing glucose uptake in muscles and fat cells
through the insulin signalling cascade [24]. Lipoic acid
distributes to mitochondria where it serves as a critical co-
factor for mitochondrial enzymes and is considered a pow-
erful antioxidant, since it is a direct scavenger of ROS with
the ability to regenerate endogenous antioxidants such as
coenzymeQ10, glutathione and vitamins E and C (Fig. 1A).
The additional chelating activity of metal ions gives to ALA
high and proven properties to efficiently blunt ROS levels
[25].

Reports describing the effects of ALA oral supple-
mentation in diabetic patients confirm its capability to im-
prove insulin sensitivity, to decrease glycemia and oxida-
tive stress, and to induce clinical improvement of neuropa-
thy [20,25–27].

However, the systemic administration of ALA as a
food supplement is expected to deliver only a small frac-
tion to the eye, whereas if given as topical eye drops, a
higher amount can be retained within the eye [28]. There-
fore, given the ascertained role of oxidative stress on dia-
betic dry eye, the purpose of this study has been to investi-
gate the effects of an original topical treatment with ALA-
enriched artificial tears on the tear film and the ocular sur-
face of diabetic patients with symptomatic dry eye disease.

2. Patients and Methods
2.1 Study Protocol

A single blind, randomized, prospective study was
conducted in accordance with the tenets of the Declaration
of Helsinki and was approved by the Ethical Committee of
Messina with Prot.N°106/18. Seventy patients affected by
type II diabetes mellitus were considered: 42 patients were
males and 28 were females and their age ranged from 50
to79 years (mean 62.1 ± 10.5). All patients signed an in-
formed consent after a full explanation of all study-related
procedures. Inclusion criteria were ability and willingness
to participate in the study, type II diabetes lasting for at least
10 years and an OSDI score >13 [29,30].

Exclusion criteria were systemic disease other than di-

Fig. 1. Lipoic acid and its metabolic effects in living bodies.
(A) After its absorption, lipoic acid is reduced enzymatically by
NADH or NADPH to dihydrolipoic acid. It can regenerate glu-
tathione and vitamin C, which in turn help the regeneration of vita-
min E, thus giving a strong contribution to the antioxidant defense
of cells and tissues. (B) Lipoic acid is often found near the active
sites of enzymes, usually bound to the peptide by a long, flexible
amide linkage with a lysine residue, and is therefore unavailable
for vitamin regeneration.

abetes, presence of systemic treatments that could interfere
with tear production other than hypoglycemic drugs or in-
sulin, topical eye medications within the past 6 months, his-
tory of ophthalmic surgery or laser procedures, eye diseases
other than dry eye and/or diabetic retinopathy, history of
taking vitamin supplements. Once recruited, each patient
was randomly assigned to either one of two groups: Group
1, finally included 35 patients (20 M, 15 F), who received a
topical formulation containing 0.1%ALA and 0.3%HPMC
(Tioretin®, Sooft Italia, Montegiorgio, Italy) three times
daily for 2 months. Group 2 finally included 35 patients (22
M, 13 F), who received topical 0.3% HPMC (Next®, Sooft
Italia, Montegiorgio, Italy) three times daily for 2 months.
Patients were evaluated at baseline and after the 2 months
treatment time. An observer, who was masked about the
treatment schedule, carried out the clinical evaluations. The
demographic characteristics at baseline of patients assigned
to the two groups are summarized in Table 1.

2.2 Tear-Film Break Up Time

For the evaluation of tear film stability, a fluorescein
tear film break-up time (TBUT) test was performed. A
fluorescein strip (Haag-Streit Ag, Köniz, Switzerland) was
dampened with a drop of saline, and the strip was made
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Table 1. Demographic characteristics of patients assigned to
the two groups.

Parameters
Group 1 Group 2

p value
0.1% ALA + 0.3% HPMC 0.3% HPMC

Age (mean ± SD) 60.25 ± 9.7 64.07 ± 11.3 0.88*
Sex ratio (M:F) 20:15 22:13 0.81#

* Unpaired T-test.
# Chi squared test.

to touch the inferior lid conjunctiva. Patients were asked
to blink several times to mix fluorescein with the tear film
and then to keep their eyes open without blinking; the time
elapsed between the opening of the eye and the appearance
of the first dry spot was measured three times per each pa-
tient. The average time was recorded as representative of
the patient’s TBUT andwas reported in seconds. According
to the classical procedure here used, TBUT values exceed-
ing 10 seconds are usually considered as normal. Values
less than 10 seconds suggest tear film instability [31,32].

2.3 Corneal Fluorescein Staining
Fluorescein vital staining to evaluate the corneal ep-

ithelium, as described by Lemp, was analyzed 3 minutes
after fluorescein instillation, and observed through a cobalt
blue filter [33]. Five corneal areas were considered. In each
area, the staining pattern was graduated with a score rang-
ing from 0 to 3 based on the confluence of stain: 0 (absent);
1 (few isolated spots); 2 (numerous isolated spots) and 3
(confluent spots, diffuse loss of epithelium).

2.4 Schirmer I Test
A conventional Schirmer I test without anaesthesia

was performed by placing the short portion of a folded
Schirmer test strip (Alfa Intes, Casoria, Italy) in the lower
lid margin, at the conjunction between the middle and the
external third and measuring after 5 minutes the amount of
wetting in mm. Less than 10 mm of wetting after 5 min
without anaesthesia is considered to be abnormal and sug-
gestive of dry eye syndrome [34].

2.5 Corneal Sensitivity Examination
Corneal sensitivity was tested by the Cochet-Bonnet

esthesiometer (Luneau, SKU: 53540, France) in the central
corneal area. The higher length of the filament that was felt
by the cornea and resulted in eye blinking was registered.
Values were expressed in cm. Values between 5.5 and 6.0
cm can be considered normal for the class of ages included
in this study [35,36].

2.6 Subjective Evaluation of Ocular Discomfort (OSDI
Score)

TheOcular Surface Disease Index (OSDI) is a 12-item
questionnaire aimed at assessing dry eye symptoms in the
recent life (7 days) of the patient. The test is made of 3 parts

dealing with ocular symptoms, vision-related function, and
environmental triggers. Patients value their responses on a
0 to 4 scale with 0 corresponding to “never” and 4 corre-
sponding to “most often”. A final score is calculated rang-
ing from 0 to 100 with scores 0 to 12 falling within the nor-
mal range, 13 to 22 representing mild dry eye disease, 23
to 32 indicating moderate dry eye disease, and greater than
33 typical of severe dry eye disease [29,30].

2.7 In Vivo Confocal Microscopy
Confoscan 4 (Nidek Technologies, Padova, Italy)

equipped with 20× optical system, working in no contact
mode at a distance of 12 mm, was used to assess patients’
tear film appearance in real time. The examined area was
460× 690 µmwith a resolution of the optical system of 1.2
µm/pixel. Examinations were performed in a subset of ran-
domly chosen patients: 10 eyes of 10 patients from group 1
and 9 eyes of 9 patients from group 2. Two pictures per each
eye were acquired before and after the 2-months’ time treat-
ment. Tear film was evaluated by considering the amount
of bright speckles and debris, and the apparent density of
the lipid layer [37,38].

In order to obtain a semi-quantitative assessment, frac-
tional scores between 0 and 3 were given to the acquired
images of each tear film, describing the absence (0) or the
increasing presence (up to 3) of visible amounts of bright
speckles and debris, and of an abnormal lipid layer; then, a
cumulative average score for each group of tear films was
calculated.

2.8 Statistical Analysis
Power analysis was performed to determine the num-

ber of subjects to enroll into the study taking into consider-
ation the efficacy of 0.3% HPMC in dry eye treatment [38].
The number of subjects enrolled in the present study (n = 70:
35 controls with HPMC and 35 treated with ALA/HPMC)
was based on statistical power calculation made with G
Power software version 3.1 setting the power to 0.80, α to
0.05 and considering a medium effect size [38]. For each
patient, only the results obtained in the worst eye were con-
sidered for statistical evaluation using theMedCalc 12.2.1.0
statistical software for Windows (MedCalc Software, Os-
tend, Belgium). The Student’s two tailed paired T-test was
used to compare data within each group at enrolment and
after two months and the Student’s two tailed T-test for
independent data was used to compare between groups at
enrolment and after two months. The Mann-Whitney U-
Test was used for the analysis of nonparametric data (OSDI
score, confocal microscopy score) and the chi-squared test
to evaluate the sex ratio. p values less than 0.05 were con-
sidered statistically significant.

3. Results
Six dropouts were registered among the 70 patients en-

rolled: two patients from group 1 (treated), and four patients
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Table 2. Signs and symptoms, average values ± SD.
Treatment BUT (sec) Schirmer I (mm) Sensitivity (cm) Corneal staining (score) OSDI score

Group 1 (ALA/HPMC)
Baseline 3.94 ± 2.24 14.7 ± 5.47 5.61 ± 0.45 1.41 ± 0.89 24.46 ± 10.75
2 months 5.17 ± 1.89 15.15 ± 6.13 5.50 ± 0.41 0.83 ± 0.69 18.15 ± 5.69
p value 0.004* 0.23* 0.20* 0.02# 0.004#

Group 2 (HPMC)
Baseline 4.21 ± 1.97 15.47 ± 4.41 5.46 ± 0.42 1.40 ± 0.89 26.18 ± 9.51
2 months 4.75 ± 1.68 16.06 ± 3.85 5.50 ± 0.45 1.29 ± 0.72 22.46 ± 7.73
p value 0.021* 0.13* 0.75* 0.65# 0.003#

* Paired T-test.
# Mann-Whitney test.

from group 2 (controls) did not show up at the two months’
control. Therefore, data are based on 33 patients from group
1 and 31 patients from group 2.

3.1 Signs and Symptoms
Table 2 illustrates the course of the different parame-

ters in the two treatment groups. Group 1 patients, treated
with the topical combination ALA/HPMC showed a signif-
icant improvement of three out of five parameters, namely
BUT, corneal epithelial staining, and OSDI index. Group
2 control patients, treated with HPMC alone, showed sig-
nificant improvements of the subjective parameters (OSDI)
and BUT. No improvement was evident for corneal ep-
ithelial staining. Neither treatment affected tear secretion
(Schirmer I) or corneal sensitivity. When comparing the
results of the two groups at the end of the two months, a sig-
nificant difference (p = 0.02) was found only for corneal ep-
ithelial staining, improving only in the ALA/HPMC group
1.

3.2 Confocal Microscopy
Fig. 2, panels A and C show confocal pictures of the

tear film of two representative diabetic patients, one per
each group, at enrolment. Before treatment an abnormal
pattern with numerous irregular elements is clearly visible:
numerous bright speckles and dark spots can be observed,
likely due to the presence of dispersed lipid drops and cel-
lular debris, sign of an abnormal tear film and the suffer-
ing of ocular surface epithelial cells. After two months
of topical ALA/HPMC administration (Fig. 2B), a regu-
lar distribution of the tear film can be appreciated, with
a smooth surface and no bright speckles or dark elements
(p = 0.0078). Fig. 2D shows the tear film of the control
patient after treatment for two months with HPMC alone,
also showing a similar, although lesser, improvement (p =
0.031). The semiquantitative score assigned to the different
samples are reported in Table 3. A significant improvement
was observed in both groups, which were and remained sta-
tistically similar at the beginning (p = 0.22) and at the end
(p = 0.14) of the treatment time.

Fig. 2. Illustrative confocal images of the tear film in diabetic
patients before and after treatment in both studied groups. (A)
Group 1 (HPMC/ALA) before treatment: the tear film surface ap-
pears irregular with an altered lipid layer, numerous bright speck-
les, possibly due to exposed tips of microvilli andmicroplicae, and
dark spots, produced by desquamating epithelial cells (arrows).
(B) Group 1 after treatment: the tear film surface appears smooth
with a regular distribution of the lipid layer and the absence of ir-
regular elements. (C) Group 2 (HPMC alone) before treatment:
the tear film surface shows an irregular pattern of the lipid layer
with numerous presence of bright speckles (arrows). (D) Group
2 after treatment: evident improvement of the lipid layer with re-
duction of the irregularities can be observed. Scale bar 100 µm.

4. Discussion

A healthy ocular surface unit is necessary for proper
visual acuity and diabetes is known to be a strong risk factor
for its integrity. In fact, the prevalence of dry eye disease
in diabetic patients is about 50–53%, and corneal epithe-
lial lesions are present in 47–64% of affected patients who
frequently report ocular discomfort and visual impairment
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Table 3. Confocal analysis of tear film, the average score ±
SD is reported.

Treatment Time Score

GROUP 1 (ALA/HPMC)
Baseline 1.81 ± 0.75
2 months 0.94 ± 0.77
p value 0.0078#

GROUP 2 (HPMC)
Baseline 2.22 ± 0.67
2 months 1.44 ± 0.53
p value 0.031#

# Mann-Whitney test.

[1,8]. Goebbels et al. [13] presented data showing that,
in comparison to healthy subjects, insulin-dependent dia-
betic patients showed significantly decreased reflex tear-
ing (Schirmer test I) and significantly increased evidence
of conjunctival metaplasia. Basal tear flow (Schirmer test
II) and TBUT were found to be unaffected. These data
are consistent with the observation that diabetic neuropathy
most often involves the ophthalmic nerve, thus triggering a
corneal neuropathy with loss of sensitivity [39,40], which
in turn results in decreased tear secretion and altered com-
position of tear proteins [41,42].

Given the wide occurrence throughout the world of
dry eye disease, different treatment strategies have been de-
veloped, and proposed for the treatment of eye dryness, in-
dependent of its etiology [43]. They are based on the in-
tegration of one of the three components of the tear film:
mucins, water and lipids; or contain molecules with di-
rect or indirect antinflammatory and secretagogue effects.
The main objective is the stabilization of the tear film
(normalization of the BUT) and the recovery of the ocu-
lar surface. Hyaluronic Acid (HA) and Hydroxy-Propyl-
Methylcellulose (HPMC) are among the most used hydrat-
ing and lubricant molecules to integrate the aqueous and
mucinous layers of the tear film [44]. However, it is ox-
idative stress the main and an early event in the pathogenic
mechanism of diabetes [45], which may influence the onset
and progression of late complications, especially diabetic
retinopathy [46], but also including dry eye [47]. There-
fore, the use of antioxidants on the ocular surface of such
patients appears to be an interesting therapeutic target.

To date, few eye drops formulations have been pro-
posed to specifically treat the ocular surface disease (OSD)
of diabetic patients. N-acetyl-carnosine has been shown to
be an antioxidant prodrug, with the potential to treat several
ocular pathologies in which the oxidative stress is a main
agent [48]. Naltrexone (an opioid antagonist and a mild an-
tioxidant) or Rebamipide (a scavenger of free radicals and
a COX2 inhibitor) have been formulated as eye drops to
treat diabetic OSD [49,50]. Most recently, Glucagon-Like
Peptide-1 (GLP-1) formulated in eye drops have been used
in a rat model system of diabetes-induced retinal abnormal-
ities, showing that the enhancement of the antioxidant de-
fense system in the diabetic retina has a neuroprotective ac-

tion favouring DNA repair and neuron cells proliferation
[51]. However, the great advantage of using ALA as an an-
tioxidant comes from its very same chemical nature, in that
it recycles between a reduced and an oxidized form, and
both the oxidized and reduced forms of ALA exhibit an-
tioxidant properties [52] so that this antioxidant system gets
exhausted in a much longer time than other antioxidant sys-
tems. This property can be very critical in the management
of diabetic dry eye, which recognizes oxidative stress due
to a long-lasting hyperglycaemic state as a main etiological
cause.

Systemic supplementation with ALA has already been
suggested to have positive effects both in the prevention
and treatment of diabetes and its systemic complications
[53]. Most recently, ALA treatment has even been pro-
posed to attenuate the symptoms of COVID-19 in diabetic
patients [54]. Along this line, several other experimen-
tal studies have shown the positive effects of ALA in pa-
tients affected by dry eye and diabetic retinopathy [55]. In
fact, from a mechanistic point of view, ALA can down
regulate the expression of MMP-9 in the corneal epithe-
lium and induce a better antioxidant defence on the ocu-
lar surface. Moreover, being endowed with a strong di-
rect antioxidant effect, it can efficiently counteract oxida-
tive stress-induced corneal surface erosion and damage to
the lachrymal glands. Through the inhibition of the enzyme
N-acetylglucosamine transferase, of the pro-inflammatory
transcription factor NFk-B and the direct alleviation of ox-
idative stress, ALA may contribute to the prevention of di-
abetic retinopathy. Similarly, it can activate the transcrip-
tion factor Nrf-2, which regulates the expression of antiox-
idant defence and PKA in retinal ganglion cells [55]. In-
deed, Nrf-2 activation has been proposed as a strategy to
prevent diabetic complications [56]. Clinical trials of ALA
given as food supplement on diabetic complications such
as neuropathy, nephropathy and cardiomyopathy returned
favourable results, especially for pain attenuation in neu-
ropathy, and contrast sensitivity in retinopathy [57]. More
specifically, clinical trials conducted in pre-retinopathic di-
abetic patients showed ALA with genistein and vitamins
could protect the retinal cells and decrease the inflamma-
tory effect in diabetic patients [58]. In order to enhance the
specific activity of ALA on the eye, a nanomicellar formu-
lation of ALA as eye drops has been described, with the aim
of treating diabetes-associated ocular surface disease. Such
formulation showed an improved pharmacodynamics, with
enhanced stability and permeability [59].

As a powerful antioxidant, ALA chelates transition
metal ions, increases the levels of other antioxidants such as
glutathione and vitamin E and C, therefore resulting in the
scavenging of ROS and other free radicals. Based on these
properties, the systemic use of ALA has been proposed for
the treatment of diabetic peripheral neuropathy [20,25,26].
Since oxidative stress is clearly involved also in the patho-
genesis of ocular surface alterations such as in the case of
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diabetic dry eye, the topical use of strong antioxidant drops
could be expected to improve tear film stability and sur-
face integrity. In fact, in the present study, we have shown
a better improvement of the ocular surface in the group of
patients treated with the combination of HPMC and ALA,
with respect to the group of patients taking only HPMC
eye drops. It is interesting to note that although the subjec-
tive perception of improvement (as measured by the OSDI
score) was similar between the two groups of patients, the
average improvement in group 1 appeared better than the
one measured in group 2 (Fig. 3). Moreover, the objective
signs improved more in the group of patients treated with
the association of HPMC and ALA (Fig. 3). We observed a
30% average improvement in BUT with HPMC/ALA (p =
0.004) vs. a 13% average improvement with HPMC alone
(p = 0.021). Even more interesting was the finding of a sig-
nificant 40% average reduction (p = 0.02) of the corneal ep-
ithelial staining in patients who received HPMC/ALA with
respect to the control group, in which no significant varia-
tion was observed (p = 0.65). Therefore, the strong antioxi-
dant effects of ALA added to the hygroscopic and lubricant
activities of HPMC improved the efficacy of the eye drop
combination. In fact, HPMC alone was indeed effective,
but not on all the parameters under evaluation, and not with
the same intensity as the combination with ALA. Only tear
production and corneal sensitivity were not affected by ei-
ther treatment, likely due to the high variability among the
enrolled subjects, and to the fact that their average start-
ing values were not in the pathologic range. On the other
hand, even though the average quantity of tears was not in-
creasing, tear quality appeared to be improving, since its
stability as measured by the BUT was increasing, in par-
allel with corneal epithelial cells integrity as evidenced by
the confocal microscopy analysis of the tear film. This tech-
nique was applied to tear film analysis by Mather in 1997
[60], however with a poor resolution of the images, likely
due to the fact that they used a contact confocal procedure,
which is not optimal for the observation of the tear film
[61]. The technique was in fact perfected by the pioneering
work of Smolek et al. [37] using non-contact confocal mi-
croscopy, who described the regular lipid layer distribution
over a smooth surface with no bright speckles of the tear
film in normal eyes. On the contrary, in dry eye the bright
speckles - possibly due to exposed tips of microvilli and mi-
croplicae - could be observed with numerous dark erosions
produced by desquamating epithelial cells. In a following
paper, Stonecipher and Green confirmed the previous ob-
servations by evaluating the tear film in normal eyes and in
moderate to severe dry eye [38]. In normal eyes the lipid
layer was found to be evenly distributed over the eye sur-
face, whereas in moderate dry eye it appeared spotted by the
presence of many tear film debris; in severe dry eye, many
desquamated epithelial cells with a poor tear film lipid layer
with a rapid BUT could be seen. In our study, the confo-
cal analysis of the tear film before any treatment showed

severe alterations, in agreement with its instability as evi-
denced by the low BUT. These observed anomalies could
be attributed to a thinner lipid layer, and the dark elements
may likely derive from cell debris or mucous layer alter-
ations. In our study - the first to apply non-contact con-
focal microscopy of the tear film in a comparative treat-
ment analysis - we could also appreciate the same irregular
pattern described by the previous authors, with numerous
bright speckles corresponding to the exposed tips of mi-
crovilli as it happens in moderate and severe dry eye, and in
good agreement with the more intense corneal fluorescein
staining of the enrolled subjects, due to desquamating cells
and deep erosions. In images taken after the two months of
treatment, we could see a clear improvement of the ocular
surface and the tear film, with a smooth lipid layer, reduced
bright speckles, dark erosions and cellular elements in both
treatment groups. However, patients in group 1, treated
with the combination of ALA/HPMC displayed a 48% av-
erage improvement (p = 0.0078), better than the 35% aver-
age improvement seen in control group patients (p = 0.031)
(Fig. 3), in agreement with the significant improvement of
the corneal staining for patients of group 1, but not of con-
trol group 2. This confocal investigation of the tear film
is a relatively new technique, with scant literature publica-
tions, so that no standard reference values (in terms of a
semiquantitative analysis) are available.

Fig. 3. The average variation of different parameters before
and after two months of treatment with either ALA/HPMC or
HPMC alone eye drops has been calculated as a percentage,
dividing the average value obtained at the end of treatment by
the initial value, as reported in Table 2.

5. Conclusions

To our knowledge, this is the first report on the topical
use of a strong antioxidant such as ALA in diabetic patients
with dry eye symptoms. More studies will be necessary to
confirm and extend these preliminary observations, which
have been done in a short time frame. Nonetheless, we be-
lieve that the additional benefits of such therapy could al-
ready be considered for diabetic patients with ocular sur-
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face disorders. Furthermore, the topical use of ALA could
be extended to all dry eye patients in view of the fact that
oxidative stress is more than often a key element in the eti-
ology of dry eye.
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