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Abstract

Purpose: The aim of this prospective, randomized, clinical, single-center study was to compare the safety and
efficacy of 2 ocular surface lubricant eye drops: preservative-free hydroxypropyl (HP)-Guar (SYSTANE UD�)
eye drops versus preservative-free Tamarindus indica seed polysaccharide (TSP) 1% (VISINE INTENSIV 1%
EDO�) eye drops.
Methods: Fifty-six eyes of 28 patients with moderate keratoconjunctivitis sicca (DEWS severity level 2) were
enrolled in the trial. Patients were randomized for 2 treatment groups (SYSTANE UD eye drops vs. VISINE
INTENSIV 1% EDO eye drops). The eye drops in both groups were applied 5 times per day for 3 months.
Statistical analyses were performed using Statistica� software (Mann–Whitney U-test and Wilcoxon test).
P-Values < 0.05 were considered significant.
Results: After 3 months of treatment the patients of both groups had subjective benefit in the relief of symptoms
of dry eye disease evaluated by the Ocular Surface Disease Index (OSDI) questionnaire score. Patients treated
with HP-Guar and TSP showed improvements in tear film stability measured by tear break-up time (TBUT),
which are statistically significant in the HP-Guar group (P = 0.02).
Conclusions: The results of this clinical trial show improvements of symptoms and signs in patients with
moderate dry eye after the consistent use of preservative-free HP-Guar and TSP lubricant eye drops. Both
artificial tear formulations produce amelioration in tear film stability improving eye conditions and patient
quality of life. HP-Guar seems to be slightly more effective in improving ocular surface protection by decreasing
tear film evaporation.

Introduction

Dry eye is defined as a multifactorial disease of the tears
and ocular surface that results in symptoms of dis-

comfort, visual disturbance, and tear film instability with
potential damage to the ocular surface. Major pathophysio-
logical mechanisms increase osmolarity of the tear film and
inflammation of the ocular surface (DEWS 2007).1–4 Current
management and therapy of dry eye includes the use of ar-
tificial tears, anti-inflammatory agents, biological tear sub-
stitutes, and the systemic use of antioxidants (omega-3 fatty
acids). Recent increases in knowledge and understanding of
the pathogenesis of dry eye have led to the development of
improvements in artificial tear preparations that are intended
to address not only the tear film disorder but also to improve
and protect the ocular surface.5–9

Moreover, new artificial tears are able to substitute the
mucin layer of the 3-layered tear film. The aim of this
study was to compare the safety and efficacy of 2 ocular
surface lubricant eye drops: preservative-free hydro-
xypropyl (HP)-Guar (SYSTANE UD�) eye drops versus
preservative-free Tamarindus indica seed polysaccharide
(TSP) 1% (VISINE INTENSIV 1% EDO�) eye drops. HP-
Guar is suggested to preferentially bind to the more hy-
drophobic, desiccated or damaged areas of the surface
epithelial cells, providing temporary protection for these
cells. TSP possesses mucomimetic, mucoadhesive, and
pseudoplastic properties.10–16 The mucin-like molecular
structure of TSP is similar to corneal and conjunctival
mucin 1 (MUC1), a transmembrane glycoprotein thought
to play an essential role in protecting and wetting the
corneal surface.12,14,17,18
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Methods

This prospective, randomized, clinical single-center study
was conducted according to the principles contained in
the Declaration of Helsinki. Ethical approval was obtained
from the Ethics Committee of the University of Erlangen-
Nuremberg. Written consent was obtained from all patients
after explanation of the procedures and study requirements.
Fifty-six eyes of 28 patients (age 44 – 8; 9 men and 19 women)
with moderate keratoconjunctivitis sicca (DEWS dry eye se-
verity level 2)1 were enrolled in this clinical trial.

Inclusion criteria for moderate dry eye disease were typ-
ical symptoms measured by a validated questionnaire:
Ocular Surface Disease Index questionnaire Score (OSDI
Score) > 40, a tear break-up time (TBUT) < 10 s, a schirmer test
with anesthesia < 10 mm, and lid-parallel conjunctival folds
(LIPCOF) > 2. OSDI Scores were evaluated prior to and after
the treatment.

Exclusion criteria consisted of medical history of trauma
or infection, ocular allergies, pregnancy, lactation, history of
refractive surgery/ocular surgery/any other surgery within
the previous 6 months, immunosuppressive medications, or
the use of contact lenses within 14 days prior to ophthal-
mological examination. Moreover, patients wearing punc-
tum plugs; patients with history or evidence of epithelial
keratitis from herpes simplex; recent varicella, corneal, or
conjunctival viral disease; acute corneal, conjunctival, or
palpebral bacterial infection; or ocular fungal infection were
excluded from this clinical trial.

Patients were randomized for 2 treatment groups: HP-
Guar group: SYSTANE UD eye drops (Alcon Labs, Inc., Fort
Worth, TX) versus TSP group: VISINE INTENSIV 1% EDO
eye drops ( Johnson and Johnson, New Brunswick, NJ),
which were applied 5 times per day for 3 months. No other
concurrent ocular therapy was used.

The test measurements were accomplished in the follow-
ing order in all patients.

OSDI Score questionnaire

The OSDI is a subjective symptom questionnaire that
measures the severity of dry eye disease. It includes 12 items
regarding visual function, ocular symptoms, and environ-
mental triggers queried for the past week. Possible answers
for the questions are as follows: none of the time, some of the
time, half of the time, most of the time, and all of the time
(0–4). The scoring algorithm published contains scores from 0
to 100 (0 = no disability, 100 = complete disability).19 The OSDI
is used as an outcome measure in randomized controlled trials.9

Visual acuity measurements

Visual acuity was evaluated by best spectacle-corrected
visual acuity (BSCVA) using the Snellen chart.

LIPCOF (Degree 0–3)

LIPCOF were evaluated by slit-lamp examination. The
classification of LIPCOF according to Höh et al.20 was used.
With Degree 0, no permanent conjunctival fold exists. Degree
1 describes the permanent presence of an individual fold,
which does not exceed the height of the normal tear menis-
cus. With Degree 2, the LIPCOF disintegrates into 2 or sev-
eral small parallel folds that are lower than the normal tear

meniscus. If there are several parallel conjunctival folds ex-
ceeding the height of the normal tear meniscus, then Degree
3 exists.20

TBUT(s)

For diagnosing tear film stability, a standardized mea-
surement of the tear film break-up time was accomplished.
Five microliters of nonpreserved 2% sodium fluorescein was
instilled onto the bulbar conjunctiva without inducing reflex
tearing by using a micropipette. Then, the patient was in-
structed to blink normally without squeezing several times
to distribute the fluorescein and then refrain from blinking
until told otherwise. The slit-lamp magnification was set at
10 · and a Wratten 12 yellow filter was used to enhance
observation of the tear film over the entire cornea.1,21–23 A
stopwatch was used to record time between last complete
blink and the first disruption of the tear film. After observing
the TBUT, the patient was instructed to blink normally again.
Three measurements were taken as recommended by the
DEWS report 2007,1 and the average was calculated.9

Fluorescein and rose bengal staining

Fluorescein- and rose bengal–impregnated strips (Bio
Glo� Sterile Fluorescein Ophthalmic Strips; Rose Glo�
Sterile Rose Bengal Ophthalmic Strips, Alta Loma, CA) were
used. A single drop of sterile, nonpreserved saline was ap-
plied to the fluorescein or rose bengal–impregnated strip.
The drop was allowed to just saturate the tip of the paper
strip, and the excess was shaken off. The lower eyelid was
pulled down and the tip of the strip touched gently on the
inferior palpebral conjunctiva. Then, the patient was asked to
gently close and roll the eyes around to adequately distribute
the dye across the ocular surface. The right eye was done
first, followed immediately by the left eye. For fluorescein
staining, a blue exciter filter was used over a white light
source, and the staining pattern and density of staining of the
conjunctiva and cornea were observed. A Kodak Wratten 12
barrier filter (Kodak, Rochester, NY) was placed over the slit-
lamp objectives to improve the viewing of epithelial staining
of the ocular surface.

For rose bengal staining, examination was done at a
standard time interval after dye placement (1 min). Each eye
was examined in turn, observing the staining pattern and
density of staining of the conjunctiva and cornea.1

For evaluation of both, fluorescein and rose bengal stain-
ing, the van Bijsterveld grading system was used.1

Schirmer test with anesthesia (eyes closed, mm)

After topical anesthesia with 1 drop of oxybuprocaine-
HCL (Conjuncain-EDO�), a Schirmer test strip (35 · 5 mm;
Liposic-Schirmer-Test-Streifen, Dr. Mann Pharma, Berlin,
Germany) was placed in the lower outer fornix and then the
patient was instructed to close his/her eyes. After 5 min, the
strip was removed from the eye and the length of wetting
was measured.1,9

Intraocular pressure (mmHg)

Intraocular pressure (IOP) was measured with the slit-
lamp in combination with the Goldmann applanation to-
nometer.

MUCIN SUBSTITUTES IN DRY EYE DISEASE 599



Adverse effects

For evaluation of possible adverse effects, patients were
examined for acute corneal, conjunctival, or palpebral bac-
terial infection; ocular fungal infection; ocular allergies; or
neovascularization of the cornea. Besides, visual acuity and
IOP measurements were performed. The OSDI Score was
applied in each patient to assess possible subjective dis-
turbing sensations, for example, burning, blurred vision, or
foreign body sensation.

Statistical analysis

Statistical analyses were performed using Statistica�
software for Windows (Mann–Whitney U-test and Wilcoxon
matched-pairs signed-ranks test); P-values < 0.05 were con-
sidered significant. The results were expressed as mean –
standard deviation.

Results

At baseline examination, there were no statistically sig-
nificant differences in all parameters between both groups.
Therefore, both treatment groups are comparable. After
3 months of treatment there were improvements of TBUT,
Schirmer test, LIPCOF, and OSDI Score in both groups; IOP
and BSCVA remained stable. In the HP-Guar group the re-
sults of TBUT and OSDI Score showed statistically signifi-
cant amelioration after 3 months; in the TSP group, only the
OSDI Score improved significantly. In the HP-Guar group
there was a statistically significant improvement of TBUT
after 3 months compared with the TSP group (P = 0.02).

Evaluation of fluorescein and rose bengal staining showed
improvements in the HP-Guar group from 4 (2–6) to 3 (1–6)
and from 3 (2–6) to 2 (0–5) but there were no statistically
significant differences. In the TSP group there was no im-
provement in the fluorescein staining but there was amelio-
ration in the rose bengal staining from 3 (1–6) to 2 (1–5).
Statistically significant differences could not be detected
(Tables 1 and 2). After applying SYSTANE UD eye drops
and VISINE INTENSIV 1% EDO eye drops 5 times per day
for 3 months, no adverse effects (ocular infections, allergic
reactions, or disturbing sensations at application) could be

observed in both treatment groups. Visual acuity and IOP
showed rather constant values.

Discussion

In dry eye disease, hyperosmolarity stimulates a cascade
of inflammatory events in the epithelial surface cells,
involving mitogen-activated protein kinases and nuclear
factor-kB signaling pathways and the generation of inflam-
matory cytokines (interleukin-1a, - 1b, and tumor necrosis
factor-a) and matrix metalloproteinases at the ocular sur-
face.1,5,9,24 Epithelial damage involves cell death by apopto-
sis, loss of goblet cells, and disturbance of mucin expression.
This leads to tear film instability that exacerbates ocular
surface hyperosmolarity and completes the vicious circle that
is maintained at the ocular surface.25–28 It is proven that the
stability of the tear film depends on its chemical–physical
characteristics interacting with the conjunctival and corneal
epithelium via membrane-spanning mucins, for example,
MUC-16 and MUC-4. The mucin layer is considered as a
surfactant or wetting agent, responsible for lowering the sur-
face tension of the hydrophobic ocular surface. Recently, the
tear film has been described as a hydrated mucin gel in which
the mucin concentration decreases with distance from the
epithelial cell surface.1,25,29–31 The mucin in the precorneal tear
film is discussed to have a similar protective role as the mucin
in the stomach acting as storage vehicle for agents secreted by
the main and accessory lacrimal glands and the ocular surface
cells.1,21,22,25 Our clinical trial was conducted in order to
compare 2 preservative-free lubricant eye drops that intend to
sustain the mucin layer of the precorneal tear film.

SYSTANE UD eye drops consist of the active ingredients
polyethylene glycol 400 (0.4%)/propylene glycol (0.3%)–
based tear that contains HP-Guar as a gelling agent. The
polymer HP-Guar is an in situ gelling agent designed to
mimic the mucin layer of the tear film providing prolonged
contact time. HP-Guar eye drops may also increase the
aqueous layer of the precorneal tear film to some degree.32–37

Several clinical studies could show that eye drops containing
HP-Guar are able to improve tear film stability resulting in
less ocular surface staining.15,16,33,37–39 In our study there was
also a decrease in the fluorescein and rose bengal staining
results in the HP-Guar group but no statistically significant

Table 1. Ocular Function Test Values Observed Before and After the Treatment

with SYSTANE UD (Hydroxypropyl-Guar) and VISINE INTENSIV 1% EDO (TSP) Eye Drops for 3 Months

HP-Guar group TSP group

Baseline 3 Months Wilcoxon Baseline 3 Months Wilcoxon
Function test Mean – SD Mean – SD P-value Mean – SD Mean – SD P-value

BSCVA 0.9 – 0.2 0.9 – 0.21 0.61 0.89 – 0.19 1.0 – 0.15 0.36
TBUT 8.5 – 4.8 14.05 – 4.93a 0.002 8.21 – 4.7 10.75 – 5.77 0.25
Schirmer 11.91 – 6.09 15.3 – 8.13 0.33 10.75 – 8.7 15.1 – 2.48 0.25
LIPCOF 2.63 – 1.21 2.45 – 0.76 0.18 1.75 – 1.2 2.2 – 0.77 0.14
OSDI 50.0 – 19.1 31.3 – 18.2a 0.01 50.8 – 12.8 34.1 – 18.6a 0.03
IOP 12.46 – 2.45 12.05 – 1.28 0.78 11.17 – 2.4 10.95 – 2.5 0.57
Fluorescein 4 (2–6) 3 (1–6) 0.58 4 (1–5) 4 (0–4) 0.68
Rose bengal 3 (2–6) 2 (0–5) 0.16 3 (1–6) 2 (1–5) 0.22

aP £ 0.05, Wilcoxon matched-pairs signed-ranks test: comparison of baseline values with values after 3 months, mean – SD, fluorescein and
rose bengal, mean and I–III. Quartile.

TSP, Tamarindus indica seed polysaccharide; HP, hydroxypropyl; SD, standard deviation; BSCVA, best spectacle-corrected visual acuity;
TBUT, tear break-up time; LIPCOF, lid-parallel conjunctival folds; OSDI, Ocular Surface Disease Index; IOP, intraocular pressure.
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changes. Moreover, clinical trials have demonstrated the
ability of HP-Guar eye drops to significantly reduce signs and
symptoms of dry eye compared to baseline and to active
controls.15,16,18,33–35 HP-Guar appears to have a 2-phase
pathophysiological mechanism that initially covers the ocular
surface and adds volume to the tear film (bulking phase) and
then restructures the film to provide durable protection (tear
sustaining phase).37 HP-Guar is a derivate of guar gum, a
high–molecular-weight branched polymer. In the presence of
borate the HP-Guar polymer undergoes a crosslinking/
gelling reaction that interacts with cationic lysozyme that
represents an important tear film protein. This reaction leads
to an increase in viscosity of the tear film, producing a mucin-
like coating on the ocular surface.15,16,32,39 In our study (Tables
1 and 2) in the HP-Guar group, there were improvements
after 3 months in TBUT from 8.5 – 4.8 s to 14.05 – 4.93 s, in
Schirmer test from 11.9 – 6.09 mm to 15.3 – 8.13 mm, and in
OSDI Score from 50.0 – 19.1 to 31.3 – 18.2, which were statis-
tically significant for TBUT and OSDI Score. The OSDI Score
showed mainly improvements in sensitivity to light. Similar
results were also demonstrated by other clinical trials of
Christensen et al.39 and Ousler et al.23 showing significant
increases in TBUT after instillation of HP-Guar eye drops.37

This may be due to the fact that HP-Guar is supposed to bind
to damaged hydrophobic areas of epithelial cells followed by
attachment of a protective gel matrix intended to regenerate
ocular surface health.37 In our study, there was also a statis-
tically significant difference in the TBUT after 3 months of
treatment in the HP-Guar group compared with the TSP
group.

TSP possesses mucomimetic, mucoadhesive, and pseu-
doplastic properties. TSP is a non-ionic, neutral, branched
polysaccharide consisting of a cellulose-like backbone car-
rying xylose and galactoxylose substituents.14 In animal

studies it was shown that TSP, added to eye drops for the
topical ocular administration of certain antimicrobial agents,
enhanced transcorneal disposition and intra-ocular penetra-
tion of these drugs.40 The mucin-like molecular structure of
TSP is similar to MUC1, a transmembrane glycoprotein
thought to play an essential role in protecting and wetting
the corneal surface.10–14 MUC1 is a membrane spanning
mucin, expressed by the epithelium of the conjunctiva and
has the function to facilitate the spread of gel-forming mucin.
Mucins possess surface activity and the mucin layer provides
the corneal epithelium with a hydrophilic surface in order to
spread the tear film over the cornea and ocular surface.
Mucus deficiency leads to poor contact of the tear film with
the eye surface and a loss of film stability.10–14 In our study in
the TSP group, OSDI Score improved significantly from
50.8 – 12.8 to 34.1 – 18.6 after 3 months. Especially improve-
ments in blurred vision, burning of the ocular surface, and
the feeling of gritty eyes could be found. After 3 months of
treatment the patients of both groups had subjective benefit
in the relief of symptoms of dry eye disease evaluated by the
OSDI Score. In the HP-Guar group there was a relief in the
impression of sensitivity to light whereas in the TSP group
there was a greater amelioration in blurred vision, burning,
and the feeling of gritty eyes. Rolando et al.14 could also find
significant improvement in the subjective symptoms of dry
eye disease in patients treated with TSP 1% eye drops be-
tween baseline and final visits after 90 days, especially for
symptoms relating to trouble blinking, ocular burning, and
sensation of foreign body. Further, statistically significant
improvements between baseline and final visits were ob-
served under topical therapy with TSP 1% eye drops with
respect to tear film break-up time and corneal and conjunc-
tival damage measured by vital stainings.14 In our clinical
trial there was a decrease in the rose bengal staining that was
not statistically significant. Moreover, there were no statis-
tically significant differences between the TSP group and the
HP-Guar group.

The results of our study show significant differences be-
tween the HP-Guar group and the TSP group in the TBUT
after 3 months of treatment. The reason for this could be
the different viscosities and pH values. The HP-Guar con-
taining SYSTANE UD eye drops has a viscosity of *8–
15 mPa$s and a pH of 7.9. HP-Guar is pH sensitive. When it
is exposed to the ocular surface pH of dry eye patients
(*7.6), the viscosity increases significantly to about
263 mPa$s. HP-Guar adapts its viscosity to the ocular
surface pH. The drier the ocular surface, the more viscous
HP-Guar becomes with an increased cross-linking resulting
in a strong gel-like structure. Therefore, HP-Guar is able
to provide an excellent ocular surface protection.32,39

TSP 1% eye drops on the other hand have a viscosity of
*70–180 mPa$s and a pH value of 7.2. When exposed to the
tear film, TSP becomes less viscous and evenly distributes
over the ocular surface.13,14

In both treatment groups there was amelioration in tear
film stability improving eye conditions and patient quality
of life. No adverse effects could be found. HP-Guar seems
to be slightly more effective in improving ocular surface
protection by decreasing tear film evaporation. Both pre-
servative-free artificial tear formulations were effective and
comparable in relieving symptoms and signs of dry eye
syndrome in these patients with DEWS dry eye severity
level 2.

Table 2. Comparison of the Ocular Function Tests

Between the SYSTANE UD (Hydroxypropyl-Guar)

Group and VISINE INTENSIV 1% EDO (TSP) Group

at Baseline and After 3 Months

HP-Guar
group

TSP
group

Mann–
Whitney

Function test Mean – SD Mean – SD P-value

Baseline BSCVA 0.9 – 0.2 0.89 – 0.19 0.17
TBUT 8.5 – 4.8 8.21 – 4.7 0.82
Schirmer 11.91 – 6.09 10.75 – 8.7 0.19
LIPCOF 2.63 – 1.21 1.75 – 1.2 0.20
OSDI 50.0 – 19.1 50.8 – 12.8 0.95
IOP 12.46 – 2.45 11.17 – 2.4 0.37
Fluorescein 4 (2–6) 4 (1–5) 0.48
Rose bengal 3 (2–6) 3 (1–6) 0.52

3 Months BSCVA 0.9 – 0.21 1.0 – 0.15 0.34
TBUT 14.05 – 4.93a 10.75 – 5.77 0.02
Schirmer 15.3 – 8.13 15.1 – 2.48 0.99
LIPCOF 2.45 – 0.76 2.2 – 0.77 0.31
OSDI 31.3 – 18.2 34.1 – 18.6 0.28
IOP 12.05 – 1.28 10.95 – 2.5 0.35
Fluorescein 3 (1–6) 4 (0–4) 0.08
Rose bengal 2 (0–5) 2 (1–5) 0.25

aP £ 0.05, Mann–Whitney U test: comparison between the 2 study
groups at baseline and after 3 months, mean – SD, fluorescein and
rose bengal, mean and I–III. Quartile.
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