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Abstract 

Objective. The aim of this study was to evaluate the effects of a topically applied cross-linked HA (Remend 

Eye Lubricating Drops® - Bayer Animal Health)a on the ocular surface of clinically normal dogs.  Animals 

Studied. Twenty clinically normal dogs with normal ophthalmic examinations. Procedures. All 

dogs received a complete ophthalmic examination as well as tear ferning tests (TF-M7, TF-M5, and TF-R), 

Schirmer’s tear test I (STT-I)b, tear film breakup time (TFBUT)c, slit lamp biomicroscopyd, indirect 

ophthalmoscopye and rose Bengal dye staining (RB)f of the ocular surface on the first day of examination 

(day 0), 1 week after initial examination (day 7), and 2 weeks after examination (day 14). Following 

examination and baseline testing, subjects received cross-linked HA (Remend Eye Lubricating Drops® - 

Bayer Animal Health) two times a day (BID) on the right eye (OD). The left eye (OS) served as control and 

received 1 drop of salineg BID for the duration of the study. Tear fluid samples from both treated and control 

eyes were evaluated for HA levels by ELISAh prior to and at several time points following treatment. 

Results. For the duration of the study, there was no statistically significant difference in aqueous 

tear production (STT-I) or RB retention between study and control eyes. There was a statistically 

significant improvement in TFBUT between study and control eyes on Day 7 (p<0.001) and Day 

14 (p<0.001). There was a statistically significant improvement in TF-M7 scores (p<0.02112) and 

TF-R scores by Day 14 (p< 0.01097). HA was present in measurable quantities in the tear fluid at 

30 minutes and one hour after topical application in treated eyes. Conclusions. Topically-applied 

cross-linked HA may improve tear quality, especially tear film stability, in dogs. 
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Introduction 

A healthy and stable preocular tear film (POTF) plays a vital role in maintaining both the optical 

quality of the eye and the health of ocular surface. A stable POTF is also necessary to ensure 

comfort during the blinking process. Modifications to the components or overall stability of the 

POTF have direct effects on both the ocular comfort and visual potential of the patient.1 

Keratoconjunctivitis sicca (KCS), commonly referred to as dry eye, is an ophthalmic disorder 

common in dogs, with a reported incidence of 1-4%.1-3 The condition may result from either 

quantitative and qualitative tear film deficiencies. Quantitative dry eye is characterized by aqueous 

tear deficiency secondary to conditions affecting the orbital and/or nictitans glands. The decreased 

production of the aqueous tear fluid results in desiccation and inflammation of the ocular surface.4 

Qualitative tear deficiency may arise due to lipid or mucin abnormalities secondary to disturbances 

of the meibomian glands (lipid deficiency), or the conjunctival goblet cells (mucin deficiency). 

Qualitative tear deficiency may result in inadequate distribution of the tear film, premature 

evaporation of the aqueous layer and secondary exposure keratoconjunctivitis.1,5 Although KCS is 

not considered a life-threatening disease, the disease often leads to corneal damage which may be 

associated with discomfort and the resultant fibrosis, vascularization, and pigmentation may lead 

to vision deficits in severe cases.1-3,6  

The diagnosis of KCS is made on the basis of typical clinical signs, reduced qualitative tear 

parameters and positive ocular staining using vital stains. The standard method for quantifying the 

aqueous tear production is the Schirmer’s tear test (STT).7,8 A filter paper is inserted in the lower 

conjunctival fornix and the length of wetting of the paper is measured after 1 minute. In dogs, 

values less than 10mm/min are suspicious if combined with clinical signs of KCS, and values less 

than 5mm/min are considered to be diagnostic for the condition.4,8 Normal dogs average 21.0 ± 
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4.2 mm wetting/minute for the Schirmer I test and 11.6 ± 6.1 mm wetting/minute for the Schirmer 

II test, which measures basal tear production following application of a topical anesthetic agent.7 

Tear film breakup time (TFBUT) is a widely used method of measuring the tear film stability and 

supporting a presumptive diagnosis of a qualitative tear abnormality. The test evaluates the ability 

of the corneal surface to retain a homogenous tear film. TFBUT is performed by instilling one 

drop of 1% or 2% fluorescein stain onto the eye, then manually holding the eyelids open. The time 

is recorded from the last blink to the appearance of the first dry spot, which appears as a dark area 

in the yellow-green fluorescein film. The reference values reported for dogs are variable, but 

generally 20 seconds or longer. Normal Beagle dogs have been reported to have a mean TFBUT 

of 21.53 ± 7.42 seconds.9 In animals affected with qualitative dry eye, the tear breakup usually 

occurs in less than 5 seconds.1,4,8  Rose Bengal (RB) is an additional ophthalmic stain used in the 

diagnosis of POTF disorders. Rose Bengal has been demonstrated to stain corneal and conjunctival 

epithelial cells that are not adequately covered by an intact mucin layer, thereby demonstrating the 

poor stability of the POTF.4,8,10 (4,7) The tear ferning (TF) test is a quick, simple and inexpensive 

test, which indirectly reflects the ocular surface osmolarity and electrolyte concentration in tears, 

and has shown a very high sensitivity and specificity for the diagnosis for dry eye in humans.11,18,33 

The tear sample is collected with a glass capillary tube that is then applied to a glass slide and 

allowed to dry by evaporation for 10 minutes. The evaporation of the tears results in crystallization 

and arborization patterns (known as “ferning patterns”).4,11,14,15 (4,9–11) There are different 

descriptive grading systems that have been described. The Rolando scale was adopted first and has 

been used for the majority of tear ferning assessments in research settings.11 An alternative scale 

was recently proposed by Masmali to address the shortcomings in sensitivity noted with the 

Rolando scale and to facilitate TF use by clinicians.13,16-19 Masmali initially proposed a scale with 
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7 grades, but subsequently revised it to a 5 grade scale. Rolando and Masmali 5 grade scales have 

been employed and deemed useful in dogs. Rolando Type I or Type II has been found in 95% of 

clinically normal dogs, while 77.5% of normal dogs exhibit Masmali Grade 0 or Grade 1.20 

Rolando Type II has been considered a normal pattern in healthy dogs.21 Although Types III and 

IV and Grades 3 and 4 are more likely to be found in diseased dogs, it is possible under certain 

circumstances for normal dogs to exhibit Type III or Grade 3.20  

The standard treatment for KCS is a topical lacrimostimulant, such as cyclosporine, 

combined with or in addition to tear substitutes. In general, this regimen is highly effective in 

restoring normal to near-normal ocular surface health for most individuals.1,3,22 Lacrimostimulants 

are usually administered twice daily, while artificial tears are often administered four times a day 

or even more frequently.3  Tear substitutes are generally considered safe compounds that can be 

administered without any harm to the ocular surface. They function in the wetting of the ocular 

surface and may have mechanical properties that enhance their staying power (or half-life). No 

modification of the ocular surface structure should be expected following their use.6 Ideally, a tear 

replacement should recover and maintain a structurally and functionally normal ocular epithelium 

and consequently improve patient comfort and quality of life by alleviating and eliminating the 

clinical signs of the disease. 

Tear substitutes usually contain a compound to increase their viscosity, such as 

methylcellulose, hypromellose, or hyaluronic acid (HA). It has been shown that HA may increase 

tear stability, thereby reducing signs of the dry eye, even in the absence of lacrimostimulant and 

anti-inflammatory therapy.23-25 Although artificial tears have been used for several years, a 

formulation that extends the contact time of the viscous compound with the ocular surface is 

desired, as it may allow for less frequent application, reducing cost and improving compliance. 
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Covalently crosslinking HA leads to a more viscoelastic material. Crosslinked HA has been shown 

to enhance the healing of skin wounds and corneal epithelial abrasion in several species. 26-28 This 

modified HA may permit even greater staying power on the ocular surface, thereby improving tear 

stability and quality. 

 

Objectives 

The aim of this study was to evaluate the effects of a topically applied cross-linked HA (Remend 

Eye Lubricating Drops® - Bayer Animal Health)a on the ocular surface of clinically normal dogs. 

Also, to verify the presence and levels of HA in the preocular tear film of clinical normal dogs 

following topical administration of the compound. 

 

Materials and Methods 

Animals and treatment groups 

Twenty clinically normal dogs were included in the study. Animal use was in accordance with 

guidelines of the University of Florida Institutional Animal Care and Use Committee and with 

approval of the College of Veterinary Medicine Hospital Research Review Committee and owner 

consent. All dogs received a complete ophthalmic examination on the first day of examination 

(day 0), 1 week after initial examination (day 7), and 2 weeks after examination (day 14). Dogs 

presenting with any ocular or systemic alteration were excluded from the study. On day 0, 

following examination and tear testing, dogs began receiving one drop of cross-linked HA 

(Remend Eye Lubricating Drops® - Bayer Animal Health)a two times a day (BID) on the right eye 
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(OD). The left eye (OS) served as a control and received one drop of unadulterated isotonic salineg 

BID. The treatment continued throughout the period of the study. 

Clinical evaluation 

A complete ophthalmic examination of both eyes (OU) including tear ferning test, Schirmer’s tear 

test I (STT-I)b, tear film breakup time (TFBUT)c, slit lamp biomicroscopyd, indirect 

ophthalmoscopye and rose Bengalf dye staining of the ocular surface was performed in all patients 

on the first day of examination (day 0). Follow-up examinations and tear testing were performed 

1 week after initial examination (day 7), and 2 weeks after initial examination (day 14). All 

examinations at each time point were performed by the same examiner (CP). 

Tear Ferning 

Tear ferning was performed in all dogs prior to application of any testing solutions or dyes.  2-3 

l of non-stimulated tears were collected from the lower temporal fornix OU using a glass capillary 

tube and transferred on a light microscopy slide and allowed to dry by evaporation at room 

temperature for 10 minutes. The samples were then observed under 10, 20 and 40x magnification 

using a light microscope. The crystallization patterns were classified by the 7 grade Masmali (TF-

M7), the 5 grade Masmali (TF-M5) and Rolando (TF-R) grading scales.11,12,13,16-18 Normal patterns 

exhibit extensive crystallization and branching. Abnormal patterns have reduced crystal formation 

and branching.  

Schirmer’s tear test  

Thirty minutes after tear ferning was performed, each dog had STT-I performed without topical 

anesthesia, using a commercial STT stripb. The STT result was expressed as the wet length of the 

strip (in mm) measured after 1 minute.  
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Tear Film Breakup Time  

For the TFBUT time measurement, a fluorescein dye stripc was moistened with eyewashg and one 

drop applied to the dorsolateral bulbar conjunctiva.1,5,29 TFBUT was measured as time to 

dissolution of the homogenous film of fluorescein in the tear film in seconds. TFBUT was recorded 

as the mean of three successive measurements.  

Rose Bengal Staining 

Rose Bengal staining was performed with a rose Bengal ophthalmic stripf applied to the dorsal 

bulbar conjunctiva. If stain was retained on the ocular surface, the degree of positivity was 

categorized as mild (1), moderate (2) or severe uptake (3). 

Cross-linked hyaluronic acid levels in tear fluid 

After the initial clinical evaluation was completed (on day 0), tear samples OU were collected 

immediately before the compound administration (T0), 30 minutes (T1), 1 hour (T2), 2 hours (T3), 

4 hours (T4) and 6 hours (T5) after compound administration. All samples were collected from the 

lower fornix OU by capillary action using 20µL capillary tubesi with an atraumatic tip. All samples 

were immediately transferred into Eppendorf polypropylene microcentrifuge tubesj, centrifuged, 

and stored at -80ºC until analysis. Due to the small volume acquired, samples from each time point 

were batched and run together. Cross-linked HA in tear samples from both treated and control eyes 

were assessed using an enzyme-linked immunosorbent assay (ELISA) hyaluronic acid kith. 

Data Analysis  

Continuous categorical data (STT-I, TFBUT, TF-M, TF-R, rose Bengal uptake) was assessed 

using Pearson’s Chi-square test. A value of P < 0.05 was considered statistically significant 
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Results 

The mean value for STT-I on Day 0 prior to administration of crosslinked HA or saline was 

20.71 ± 4.50 mm/min OD and 20.86 ± 4.44 mm/min OS. Day 0 mean TFBUT was 8.62 ± 2.47 s 

OD and 8.37 ± 2.42 s OS. There was no statistically significant difference between STT-I, 

TFBUT, TF-M, TF-R or RB retention between eyes at the initiation of this study. 

The mean value of STT-I on Day 7 was 20.86 ± 3.40 mm/min OD and 21.29 ± 3.69 

mm/min OS. Day 7 mean TFBUT was 11.95 ± 2.91 s OD and 6.41 ± 1.51 s OS. There was a 

statistically significant improvement in TFBUT between study and control eyes on Day 7 

(p<0.001), with treated eyes exhibiting longer tear film stability than control eyes. 

The mean value of STT-I on Day 14 was 21.05 ± 5.24 mm/min OD and 20.52 ± 4.04 

mm/min OS. Day 14 mean TFBUT was 12.51 ± 3.01 s OD and 6.70 ± 1.79 s OS. The 

statistically significant improvement in TFBUT between study and control eyes persisted 

through Day 14 (p<0.001) with treated eyes exhibiting longer tear film stability than control 

eyes. There was also a statistically significant improvement in TF-M7 scores (p<0.02112) and 

TF-R scores by Day 14 (p< 0.01097), indicating an improvement in tear quality in treated eyes 

compared to control eyes. 

For the duration of the study, there was no statistically significant difference in aqueous 

tear production (STT-I) or RB retention between study and control eyes or between time points 

of the study (Day 0/Day 7, Day 7/Day 14 or Day 0/Day 14) for either treated or control eyes. 

There was a statistically significant difference in TFBUT in treated eyes between Day 0 and Day 

7 (P<0.001) and in treated eyes between Day 0 and Day 14 (p<0.001) but not in control eyes at 

any time point.  
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Tear fluid sampled from treated and control eyes following administration of crosslinked 

HA (Remend Eye Lubricating Drops®) or saline were examined by ELISA for quantities of HA. 

Time-points sampled were immediately before the compound administration (T0), 30 minutes 

(T1), 1 hour (T2), 2 hours (T3), 4 hours (T4) and 6 hours (T5) after topical administration of 

either crosslinked HA (Remend Eye Lubricating Drops®) or saline. No HA was present in tear 

samples obtained prior to compound administration. HA was detected in tear samples both 30 

minutes (85.4 ng/mL) and one hour (152.32 ng/mL) after administration of crosslinked HA 

(Remend Eye Lubricating Drops®). At time points beyond one hour, HA levels were below 

detectable levels. 

 

Discussion 

KCS is an extremely common ocular surface condition in both canine and human patients that 

results in considerable discomfort and a range of clinical signs that can alter the clarity, and 

therefore the refractive capacity, of the cornea.1-4,30 Typical signs include conjunctival 

hyperemia, mucoid to mucopurulent ocular discharge, corneal opacity (edema, fibrosis, 

vascularization, pigmentation) and epithelial erosions and defects.1-3 The epithelial changes that 

occur with KCS, either quantitative or qualitative, disturb the adhesion of tear fluid to the ocular 

surface resulting in a vicious cycle of tear deficiency and epithelial alteration.2,3,31 The presence 

of reduced tear volume or an unstable tear film has been purported to increase water evaporation 

from the tear film leading to increased tear osmolarity and consequent damage to the corneal and 

conjunctival surfaces.32,33 The damage to the epithelium then results in a reduced glycocalyx and 

impaired adhesion of the tear film to the ocular surface which further exacerbates tear film 

evaporation and traumatic or inflammation-mediated insult to the epithelium.24 
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For these reasons, tear substitutes are indicated for dry eyes even in the face of 

lacrimostimulant therapy. Tear substitutes should provide fluid to the ocular surface to lubricate, 

flush and remove waste, reduce shearing forces of the eyelid across the surface of the globe 

during blinking and protect and facilitate the healing and remodeling of damaged epithelium to 

improve its ability to grasp the tear film effectively. Innumerable formulations of tear substitutes 

have been formulated and marketed with varying success in achieving these goals. The most 

prescribed artificial tear remedies contain hyaluronic acid (HA).28 Many studies in humans and 

dogs have evaluated the safety and efficacy of HA solutions as eye drops.3,23,24,25   They have 

documented increased residence time of the tear film on the ocular surface and appreciable 

improvements in KCS signs and comfort. Improvements in humans are positively correlated with 

increasing concentrations of HA, which subsequently increase viscosity.34 Greater concentrations 

of HA in ophthalmic preparations results in improved tear film stability and ocular surface 

staining and irregularity, increased numbers of conjunctival goblet cells, and decreased corneal 

epithelial apoptosis compared to preparations with lower concentrations.34 Additionally, HA has 

been reported to counteract inflammation. There is also evidence that it may reduce oxidative 

stress and cytotoxicity in humans.35  

HA has a unique viscoelastic profile. During blinking, shear stress causes HA molecules 

to align with each other. As a result, the solution momentarily loses its viscosity and spreads 

easily over the cornea surface. Between blinks, HA chains form a tangled meshwork, and the 

solution becomes more viscous. Due to its hygroscopic and mucus-adhesive properties, HA 

stabilizes the canine pre-corneal tear film, and maximizes the solution residence time on ocular 

surface, to improve eye hydration and lubrication.36  
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Most of the HA-containing artificial tears available on the market are characterized by 

the linear form of this polymer. Cross-linking is a chemical strategy that aims to increase the 

rigidity of the polymer network (i.e., viscosity), extend its permanence on the site of application 

and decrease its susceptibility to enzymatic degradation. By covalently crosslinking HA, such as 

the formulation studied here, the viscoelastic properties of the product are enhanced. This 

increase in viscoelasticity extends the contact time of the HA with the ocular surface and may 

allow for less frequent application, which may improve compliance and decrease the overall cost 

and burden of treatment.37,38 Additionally, crosslinked HA has been shown to exhibit non-

Newtonian fluid properties, in which its viscosity is variable based upon the force or stress to 

which it is subjected (i.e., blinking).36 Therefore, it has the capacity to better recapitulate the 

natural character and behavior of the healthy tear film.  

Crosslinked HA solutions have been shown to have better efficacy compared to linear, 

non-crosslinked HA solutions in maintaining the stability of the tear film in human patients 

suffering from Sjögren’s associated dry eye.38 Additionally, crosslinked HA has been found to 

significantly improve ocular surface health in dogs with KCS to a greater degree than a standard 

HA containing solution.2 

The results of this study indicate that crosslinked HA in a tear substitute (Remend®) is 

able to improve the tear film stability and quality in clinically normal dogs. This proof of concept 

study suggests that the product may be even more helpful in improving the ocular surface 

environment of canine patients affected with quantitative or qualitative KCS by lowering tear 

osmolarity, increasing tear volume and stabilizing the tear film. It also demonstrates that not all 

tear replacement therapy is equally efficacious in lubricating and protecting the ocular surface. 

Crosslinked HA in this formulation was superior to routine isotonic saline tears. 
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Although HA was not detected at time points beyond an hour following administration, it 

is quite possible that it persisted in the tear film at levels lower than what was detectable by the 

testing methods. Even as tear film levels wane due to tear turnover, residual drug seemed capable 

of causing persistent improvements in tear quality scores even when administered only twice 

daily. 

Interestingly, mean TFBUT in our study was considerably shorter than values previously 

reported in normal dogs.9 There are a number of variables that might have contributed to this 

difference including environmental factors such as temperature and humidity and population 

genetics. None of the dogs participating in this study exhibited any clinical evidence of ocular 

surface inflammation prior to initiation of the study or following its cessation. 

The tear ferning test has been evaluated in normal dogs and dogs with KCS. It has been 

shown that ferning patterns correlate with KCS, although the correlation is not exact.20,21,39 The 

majority of dogs with ocular surface disease will exhibit Rolando Types III and IV and Masmali 

5 Grades 3 and 4 while the majority of normal dogs exhibit  Rolando Type I or II or Masmali 5 

Grade 0 or 1.20,21 Some apparently normal tear films, however, will demonstrate ferning patterns 

considered to be abnormal.20, 39 Previous studies have employed the Rolando or the refined 

Masmali 5. For this study, in addition to the Rolando scale, we used both the original 7-point 

Masmali scheme as well as Masmali’s modification to a 5-point scheme. When validating the 7-

point scale in human patients with physician examiners, overlaps in Grades 2 and 3 and Grades 6 

and 7 were discovered, so those sets were merged resulting in the final 5-point scale. 

Interestingly, in our study the Masmali 5 did not reveal significant differences in ferning patterns 

between time points while the Masmali 7 did. Further study is necessary, however, this 
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difference may indicate that the original Masmali 7 scale may be more appropriate for use in 

canine patients. 

There has been a significant correlation identified in humans between TFBUT and TF 

patterns.40, 41 The TF scores deemed normal are correlated with longer TFBUT, supporting a 

determination of a healthy POTF. It is not known whether this correlation also exists in dogs. 

Additionally, it has been shown that the use of topical lubricants may improve tear ferning 

patterns in both normal humans and those suffering dry eye.42,43 It is likely that topical lubricants 

would be helpful to improve tear quality as assessed by TFBUT and TF patterns across species. 

Anecdotally, one of the subjects in this study had a housemate with a clinical diagnosis of 

KCS. This dog had not been receiving any regular therapy for the KCS. This dog received 

crosslinked HA (Remend®) OU BID during the study period (but was not included in the data 

presented here) and exhibited an improvement in clinical scores and clinical signs. That 

individual had unchanged STT but showed prolonged TFBUT and reduced RB retention 

(moderate retention pre-treatment to negative retention at Day 14). It is possible that the positive 

effects of the crosslinked HA observed here in normal dogs would be even greater in dogs with 

clinical disease. Traditional standard of care for KCS patients included the use of 

lacrimostimulants in addition to tear supplements at a frequency dependent upon the severity of 

disease. More advanced cases of dry eye often require the use of topical lubricants six or more 

times a day. Given the sustained clinical improvements noted with this formulation, it may be 

possible to lubricate less frequently than with routine tear supplements. Further studies in 

clinically abnormal dogs and with different dosing schedules of crosslinked HA ophthalmic 

solutions are warranted. 
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Figure Legends 

Table 1: Masmali 7 Tear Ferning Grading Scale 

Table 2: Masmali 5 Tear Ferning Grading Scale 

Table 3: Rolando Tear Ferning Grading Scale (10) 

Table 4: Signalment data and rose Bengal retention scores in normal eyes treated with 

crosslinked HA BID at Days 0, 7 and 14. Although there was no significant difference in RB 

retention scores between eyes or time points, there was a trend toward reduced retention. A score 

of 0 = no retention; 1 = mild retention (faint staining, present in focal areas, less than 25% of the 

ocular surface); 2 = moderate retention (distinct staining, present in focal areas, less than 50% of 

the ocular surface; 3 = severe retention (diffuse, intense staining over a majority of the ocular 

surface. 

Table 5: Tear ferning scores for treated and control eyes at Days 0, 7 and 14. The first value in 

each cell corresponds to the Masmali 7 scale; the second corresponds to the Rolando scale; and 

the third corresponds to the Masmali 5 scale. 

 

Footnotes 

aRemend Eye Lubricating Drops® 0.4% (Bayer Animal Health, Shawnee Mission, KS, USA) 
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bSTT® (Intervet/Schering-Plough Animal Health, Baton Rouge, LA, USA) 

cFlu BioGlo® (Hub Pharmaceuticals, Plymouth, MI, USA) 

dKOWA SL-15 Slit lamp biomicroscope (Kowa American Corp., Torrance, CA, USA) 

eHeine Indirect (Heine USA, LTD, Dover, NH, USA) 

fRoseGlo® (Hub Pharmaceuticals, Plymouth, MI, USA) 

gEye Wash (Major Pharmaceuticals, Livonia, MI, USA) 

hELISA (Corgenix Medical Corporation, Inc., Broomfield CO, USA) 

iCapillary tubes (Fisher Scientific, Hampton, NH, USA) 

jEppendorf microcentrifuge tubes (Fisher Scientific, Hampton, NH, USA) 
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