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Purpose: We examined the efficacy of retinol palmitate (VApal) for dry eyes using dry eye 

model rabbits whose lacrimal glands were resected.

Materials and methods: After alkaline injury on keratoconjunctival epithelium, VApal eye 

drops were administered 6 times a day for 7 days. The efficacy of VApal was also compared 

with that of 0.1% hyaluronic acid eye drops.

Results: The fluorescein staining and rose bengal scores showed a significant decrease compared 

with the score in the vehicle group at 7 days (P , 0.05) in the 1000 IU/mL VApal group and 

at both 3 days (P , 0.05) and 7 days (P , 0.01) in the 1500 IU/mL VApal group. Histological 

examination revealed recovery of the corneal epithelium, and PAS staining disclosed the recovery 

of mucin-producing lower palpebral conjunctival goblet cells after 7 days in the 1500 IU/mL 

VApal group compared with the vehicle group. Results from impression cytology showed a 

significant increase in density of conjunctival goblet cells compared with that in the vehicle group 

after 7 days in the 1000 IU/mL VApal group and after 3 and 7 days in the 1500 IU/mL VApal 

group. There were no significant changes in tear flow in either group. Topical application of 

VApal at 1500 IU/mL showed greater improvement than 0.1% hyaluronic acid in both fluorescein 

and rose bengal score and in the density of conjunctival goblet cells.

Conclusion: It is suggested that VApal is effective for the improvement of keratoconjunctival 

epithelial damage associated with tear abnormalities, such as dry eyes.
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Introduction
Vitamin A (VA) regulates the proliferation and differentiation of corneal epithelial cells 

and preserved conjunctival goblet cells.1 It has been used in the treatment of disease of 

the ocular surface.2–5 Vitamin A regulates the differentiation of the keratoconjunctival 

epithelium on the ocular surface, is released from the lacrimal gland, and exists 

in retinol in the tears.6 It is known that VA deficiency leads to keratoconjunctival 

epithelial damage, resulting in conditions such as superficial punctate keratitis and dry 

keratoconjunctivitis, as well as abnormalities such as loss of conjunctival goblet cells.7,8 

It has been reported that keratoconjunctival epithelial damage and loss of conjunctival 

goblet cells occur in rabbits with VA deficiency9 and that expression of a mucin gene 

(rMuc4) is decreased in the conjunctival epithelium of rats with VA deficiency.10 These 

findings suggest the possibility of VA deficiency leading to decreased mucin secretion, 

resulting in the aggravation of dry eyes, because inadequate tear retention on the ocular 

surface accelerates tear film break-up, causing epithelial damage.
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With regard to the effect of VA on mucin production, 

we previously reported that retinol palmitate (VApal) 

promotes mucin production in cultured rabbit conjunctival 

tissue (in vitro)11 and that topical application of VA 

markedly improves keratoconjunctival epithelial damage 

and loss of conjunctival goblet cells.9 It was also reported 

that topical application of VApal promotes the healing of 

keratoconjunctival damage and recovery of conjunctival goblet 

cells and that its effect on keratoconjunctival epithelial damage 

is particularly strong in the mucin layer.12 Additionally, it was 

reported that retinoic acid ointment promotes the healing 

in rabbits after corneal epithelial injury.13

The most traditional drug delivery system to the anterior 

segment of eye is eye drops. However, ocular drug delivery 

is hampered by the barriers protecting the eye. Conventional 

ophthalmic drug-delivery systems, including eye drops and 

ophthalmic ointments, are no longer sufficient for treating 

eye diseases and may lead to side effects. Particularly, VA 

is readily inactivated by oxidation and shows poor stability. 

There are several reports concerned with side effects of 

retinoic acid ophthalmic ointment.2,3 In contrast, it has 

been reported that ophthalmic solutions containing retinol 

palmitate (VApal, an ester of VA) are effective and cause 

few side effects.4

Therefore, to clarify the efficacy of VApal for dry eyes, 

we resected the lacrimal glands of rabbits as a model of dry 

eyes that was considered to be similar to the actual clinical 

situation and evaluated the effect of VApal eye drops in 

this model. The model decreased tear secretion and density 

of functional goblet cells and induced keratoconjunctival 

epithelial damage, which has never been reported in animal 

models. The efficacy of VApal was also compared with 

that of 0.1% hyaluronic acid eye drops for the treatment 

of keratoconjunctival epithelial damage. Hyaluronic acid 

has an average molecular weight of 500,000 to 1,200,000 

and is widely used for dry eyes in clinical practice.

Materials and methods
Animals
This study employed 28 healthy male New Zealand White rab-

bits (Japan SLC Inc, Hamamatsu, Japan) weighing 2.5–3 kg. 

The animals were used in compliance with the Association for 

Research in Vision and Ophthalmology and the National Insti-

tutes of Health statement for the use of Animals in Research.

Experimental procedure
Resection of the lacrimal gland
Under general anesthesia by intramuscular administration 

of a mixture of ketamine hydrochloride (100 mg/kg) 

and xylazine hydrochloride (10 mg/kg), a rabbit model 

of dry eyes was prepared according to the method of 

Toshida et al.14 Briefly, an incision was made in the 

buccal region bilaterally, and the main lacrimal gland, 

Harderian gland, and nictitating membrane were removed. 

After applying an appropriate amount of Terramycin eye 

ointment (0.5% oxytetracycline hydrochloride/polymyxin 

B sulfate, Terramycin; Pfizer Japan, Tokyo, Japan), each 

incision was sutured. For 3 days after surgery, Terramycin 

eye ointment and tobramycin eye drops (0.3% tobracin; 

Nitto Medic, Toyama, Japan) were applied, while 0.2 mL 

of 4% gentamicin sulfate for injection (Gentacin; 

MSD, Whitehouse Station, NJ, USA) was administered 

intramuscularly. The animals were followed up for 4 weeks 

after lacrimal gland resection, and those with evidence of 

dry eyes (inadequate tear volume, decreased goblet cell 

density in the lower eyelid, and keratoconjunctival epithelial 

damage) were used in this study.

Alkaline injury to the lower palpebral conjunctiva
At 4 weeks after lacrimal gland resection, animals were placed 

under general anesthesia by intramuscular administration 

of a mixture of ketamine hydrochloride (100 mg/kg) and 

xylazine hydrochloride (10 mg/kg) and topical anesthesia 

with 0.4% oxybuprocaine hydrochloride (Benoxil; Santen 

Pharmaceutical Co, Ltd, Osaka, Japan). Alkaline injury was 

induced by placing a piece of filter paper 5 mm in diameter 

(Whatman Qualitative 1; GE Healthcare, Little Chalfont, 

Buckinghamshire, UK) soaked in 0.5% sodium hydroxide 

for 30s on the central part of the lower palpebral conjunctiva 

bilaterally. Exfoliated cells and excess sodium hydroxide 

solution were removed by rinsing the lower palpebral 

conjunctiva with 0.9 g/dL (0.9%) sodium chloride solution.

Topical application and observation
Twenty-eight rabbits were randomly divided into 4 groups of 

7 animals each. In 3 groups (21 animals), retinol palmitate 

(VApal) (DMS Nutrition Japan, Inc, Tokyo, Japan) was applied 

to one eye at concentrations of 500, 1000, or 1500 IU/mL 

(eye drops in which VApal was dissolved with a surfactant 

(0.5% polyoxyethylene hydrogenated castor oil 60) in 0.9% 

sodium chloride solution) and vehicle was applied to the other 

eye. Topical application was performed six times daily (100 

µL) for 7 days beginning immediately after alkaline injury.  

The frequency of topical application was set at six times daily 

to ensure sufficient delivery of VApal.5

In the other group (seven animals), VApal (1500 IU/mL) was 

applied to one eye and 0.1% hyaluronic acid eye drops (Hyalein 

Mini 0.1; Santen Pharmaceutical Co, Ltd, Osaka, Japan) were 
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applied to the other eye six times daily (100 µL) for 7 days 

beginning immediately after alkaline injury. Fluorescein staining 

and rose bengal staining were performed before alkaline injury, 

as well as at 3 and 7 days after treatment, and the severity of 

keratoconjunctival damage was scored according to the criteria 

of Lemp15 and van Bijsterveld16 under blinded conditions.

Histological evaluation
Histological evaluation was performed in 3/7 animals that 

were selected at random from the group in which VApal 

(1500 IU/mL) was applied to one eye and vehicle was applied 

to the other eye. Seven days later, these animals were sacrificed 

using an overdose of anesthesia (ketamine hydrochloride 

and xylazine hydrochloride) and the cornea and the lower 

palpebral conjunctiva were removed and fixed in formalin. 

Paraffin sections (5-µm thick) were prepared, stained with 

hematoxylin and eosin (HE), or periodic acid–Schiff (PAS) 

stain, and observed under a light microscope in at least three 

randomly selected visual fields.

Evaluation of goblet cell density
Conjunctival goblet cell density in lower palpebral area 

was evaluated by impression cytology before alkaline 

injury and at 3 and 7 days after treatment as described 

previously.14 Briefly, after the animals were placed 

under general anesthesia with a mixture of ketamine 

hydrochloride (100 mg/kg) and xylazine hydrochloride 

(10 mg/kg) plus topical anesthesia with 0.4% oxybuprocaine 

hydrochloride (Benoxil), a nitrocellulose membrane (Bio-

Rad Laboratories, Hercules, CA) was applied to the lower 

palpebral conjunctiva, fixed with formalin, and stained with 

PAS reagent to reveal goblet cells. After computer capture 

of light microscope images, the number of PAS-positive 

spots was counted using Scion image software (Beta 4.02; 

Scion Corp, Frederick, MD). The density of PAS-positive 

spots was determined in three visual fields that were selected 

randomly. Then the mean was calculated and converted to 

cell density per unit area (1 mm2).

Measurement of tear volume
Tear volume was measured by Schirmer’s tear test in all animals 

before alkaline injury of the lower palpebral conjunctiva. 

Briefly, at 5 minutes after application of topical anesthesia with 

0.4% oxybuprocaine hydrochloride (Benoxil), a paper strip 

for Schirmer’s test was inserted into the temporal conjunctival 

sac of the lower eyelid and the tear volume was measured 

for 5 minutes. The strip was then removed from the lower 

palpebral conjunctiva, and the value reached on the strip was 

recorded. Tear volume was also measured in this manner after 

3 and 7 days in the group of seven animals receiving VApal 

(1500 IU/mL) in one eye and the vehicle in the other eye.

Statistical analysis
Fluorescein and rose bengal staining scores were compared 

using Wilcoxon’s test between the VApal 500, 1000, and 

1500 IU/mL groups and the vehicle group, and between 

the VApal 1500 IU/mL group and the 0.1% hyaluronic 

acid group. For the density of conjunctival goblet cells, 

analysis of variance was performed using Bartlett’s test 

(to confirm the homogeneity of variance) to compare 

the VApal 500, 1000, and 1500 IU/mL groups with the 

vehicle group, followed by the Tukey–Kramer multiple 

comparison test for comparison of all groups. Homoge-

neity of variance was assessed using the F-test for data 

on the density of conjunctival goblet cells in the group 

of seven animals receiving topical VApal (1500 IU/mL)  

and 0.1% hyaluronic acid, as well as for the tear volume in the 

group of seven animals receiving topical VApal (1500 IU/mL)  

and vehicle. If a significant difference was not found (if 

the variance was equal), Student’s t-test was performed for 

comparisons between the two groups. If the variance was 

not equal, the Aspin–Welch t-test was employed for com-

parisons between the two groups. In all analyses, P , 0.05 

(two-tailed) was considered to be statistically significant. 

Data are shown as the mean ± standard error.

Results
Effect of retinol palmitate (VApal) eye 
drops on keratoconjunctival epithelial 
damage
Figure 1 shows slit-lamp microscopic photos of the anterior 

segment of the eye with fluorescein staining and rose bengal 

staining at 7 days of treatment with the VApal (500, 1000, 

or 1500 IU/mL) or vehicle. Figure 2 shows the changes of 

the fluorescein and rose bengal staining scores in the three 

VApal groups and the vehicle group. In the 500 IU/mL VApal 

group, the fluorescein staining score showed no decrease 

compared with the score in the vehicle group throughout the 

study period (Figure 2A). However, it showed a significant 

decrease compared with the score in the vehicle group at 

7 days (P , 0.05) in the 1000 IU/mL VApal group and at both 

3 days (P , 0.05) and 7 days (P , 0.01) in the 1500 IU/mL 

VApal group (Figure 2B and C). Similarly to the fluorescein 

score, the rose bengal staining score showed no decrease in 

the 500 IU/mL VApal group compared with the vehicle group 

(Figure 2D), but showed a significant decrease compared with 

the vehicle group at 7 days (P , 0.05) in the 1000 IU/mL  

VApal group and at both 3 days (P , 0.05) and 7 days 
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Density of lower palpebral conjunctival 
goblet cells after topical application  
of VApal; impression cytology
Figure 4 shows the density of goblet cells (PAS-positive cells) 

per unit area (1 mm2) of the lower palpebral conjunctiva 

after 3 and 7 days in the VApal and vehicle groups. The 

density of conjunctival goblet cells showed no significant 

difference after 3 and 7 days between the 500 IU/mL VApal 

group (49.3 ± 11.4 and 179.8 ± 48.0 cells/mm2 at 3 and 

7 days, respectively) and the vehicle group (51.3 ± 7.1 

and 190.8 ± 19.0 cells/mm2 at 3 and 7 days, respectively). 

However, the density showed a signif icant increase 

(P , 0.01) compared with that in the vehicle group after 

7 days (332.6 ± 34.9 cells/mm2) in the 1000 IU/mL VApal 

group and after 3 days (131.6 ± 16.6 cells/mm2) and 7 days 

(335.8 ± 24.1 cells/mm2) in the 1500 IU/mL VApal group. It 

also showed a significant difference after 3 days (P , 0.01) 

and 7 days (P , 0.05) between the 500 and 1500 IU/mL 

VApal groups, after 3 days (P , 0.01) between the 1000 

and 1500 IU/mL VApal groups, and after 7 days (P , 0.05) 

between 500 and 1000 IU/mL VApal groups.

The density of lower palpebral conjunctival goblet 

cells was 651.2 ± 21.9 cells/mm2 (n = 14) in normal rabbit 

eyes and 525.9 ± 19.9 cells/mm2 (n = 42: all VApal-treated 

 animals) in the eyes of rabbits with lacrimal gland resection 

(before alkaline injury of the lower palpebral conjunctiva) 

(data not shown). Therefore, in animals with lacrimal gland 

resection, the density of lower palpebral conjunctival gob-

let cells was decreased to approximately 80% of that in 

normal eyes. In this model, the density of lower palpebral 

conjunctival goblet cells was always lower than that in 

normal eyes or eyes with lacrimal gland resection (before 

alkaline injury).

Evaluation of tear volume after topical 
application of VApal
Tear volume (Schirmer’s tear test) was compared between 

before treatment and 3 or 7 days after the start of treat-

ment with VApal at 1500 IU/mL. No change was observed 

from before alkaline injury and VApal treatment of the 

conjunctiva (8.6 ± 0.7 mm) at 3 days (9.4 ± 0.4 mm) and 

7 days (8.2 ± 1.2 mm) after the start of VApal administration. 

There was little difference between the VApal group and the 

vehicle group (8.6 ± 1.3 before alkaline injury and vehicle 

treatment and 9.1 ± 1.1 and 8.3 ± 1.1 mm at 3 and 7 days, 

respectively). Thus, topical application of VApal had no 

influence on tear volume.

Figure 1 Slit-lamp microscopic images of fluorescein (A–D) and rose bengal (E–H) 
staining in rabbit eyes at 7 days of treatment with the VApal or the vehicle. Corneal 
findings stained with fluorescein in 500 IU/mL (B), 1000 IU/mL (C) and 1500 IU/mL 
(D) of VApal-treated eye and the vehicle-treated eye (A), stained with rose bengal 
in 500 IU/mL (F), 1000 IU/mL (G), and 1500 IU/mL (H) of VApal-treated eye and 
vehicle-treated eye (E).
Abbreviation: VApal, vitamin A retinol palmitate.

(P , 0.05) in the 1500 IU/mL VApal group (Figure 2E  

and F).

Histological evaluation after topical 
application of VApal
Figure 3 shows the cornea (HE stain) and the lower palpebral 

conjunctiva (PAS stain) at 7 days after starting treatment in 

the VApal (1500 IU/mL) and vehicle groups. Histological 

examination revealed recovery of the corneal epithelium 

after 7 days in the 1500 IU/mL VApal group, compared with 

the persistence of damage (exfoliation of superficial corneal 

cells) in the vehicle group (Figure 3A and B). PAS staining 

revealed the recovery of mucin-producing lower palpebral 

conjunctival goblet cells in the 1500 IU/mL VApal group 

(Figure 3C and D).
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The tear volume was 15.5 ± 1.2 mm (n = 14) in normal 

rabbit eyes and 7.5 ± 0.5 mm (all 42 animals in the topical 

application study) in the eyes with lacrimal gland resection 

before alkaline injury of the conjunctiva. Therefore, tear 

volume in the rabbits with lacrimal gland resection was 

decreased to approximately 50% of the volume in normal 

rabbits.

Comparison with hyaluronic  
acid eye drops
Figure 5 shows changes in fluorescein and rose bengal 

staining scores during treatment with VApal at 1500 IU/mL 

or 0.1% hyaluronic acid 6 times daily for 7 days. In the 

1500 IU/mL VApal group, both the fluorescein and rose ben-

gal staining scores showed a significant decrease compared 
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Figure 2 Changes of the fluorescein score (A–C) and rose bengal score (D–F) treated with the VApal or vehicle. The fluorescein score and rose bengal score in  VApal-
treated eyes: Concentrations of VApal are 500 IU/mL (∆) (A and D), 1000 IU/mL () (B and E) and 1500 IU/mL (○) (C and F) respectively. 
Notes: All data were compared to vehicle-treated eyes (). Significant decreases of both fluorescein score and rose bengal score were shown in both 1000 IU/mL and  
1500 IU/mL VApal-treated eyes compared to the vehicle-treated eyes after 7 days.  *P , 0.05; **P , 0.01. All data are mean ± SE (n = 7).
Abbreviations: VApal, vitamin A retinol palmitate; SE, standard error.
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with the scores in the hyaluronic acid group after 3 days 

(P , 0.05) and 7 days (fluorescein staining score: P , 0.05, 

rose bengal staining score: P , 0.01) of treatment (Figure 5A 

and B). When the density of lower palpebral conjunctival 

goblet cells (PAS-positive cells) was compared between the 

1500 IU/mL VApal group and the hyaluronic acid group 

at 7 days after starting treatment, the density was signifi-

cantly higher (P , 0.05) in the 1500 IU/mL VApal group 

(524.3 ± 34.2 cells/mm2) than in the hyaluronic acid group 

(375.3 ± 54.8 cells/mm2).

Discussion
Dry eyes are defined as “a chronic disease of tears and of the 

keratoconjunctival epithelium which is induced by differ-

ent causes and is associated with eye discomfort and visual 

dysfunction”.15,17 The number of patients with dry eyes is 

estimated to be more than 8 million in Japan and more than 

10 million in the United States, with the number of patients 

with this disease increasing each year.18

For the treatment of dry eyes, artificial tears and hyaluronic 

acid eye drops are used to supply moisture and improve 

keratoconjunctival epithelial damage. In the development of 

new treatments for dry eyes, improving keratoconjunctival 

epithelial damage and quantitative and qualitative tear 

abnormalities has been emphasized,15,19 with a focus on the 

promotion of tear mucin production. Tear mucin is produced 

by conjunctival goblet cells and keratoconjunctival epithelial 

cells and forms a mucin layer under the tear film, playing an 

important role in protecting the ocular surface, stabilizing 

tears, and healing keratoconjunctival epithelial damage.20,21 

Attempts have been made to apply the agents gefarnate14,22–24 

and rebamipide,25–27 which promote not only gastric but 

also corneal mucin production, diquafosol, which is a P2Y
2
 

receptor agonist inducing PAS-positive glycoproteins,28–30 

and 15(S)-HETE (eicosanoid) that stimulates the production 

of keratoconjunctival epithelial mucin (MUC1).31 Attempts 

have also been made to apply DA-6034 (a flavonoid 

derivative that protects the gastric mucosa),32 ecabet sodium, 

and the anti-inflammatory agent cyclosporine.33–36

Vitamin A is also known not only to regulate the pro-

liferation and differentiation of corneal epithelial cells and 

preserved conjunctival goblet cells but also to promote tear 

mucin production.1,11,37 Clinical studies have already indicated 

that eye ointments and eye drops containing VA (such as 

retinoic acid and VApal) cure keratoconjunctival disease by 

improving keratoconjunctival epithelial keratosis and increas-

ing the density of conjunctival goblet cells.1–5
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Figure 4 Density of PAS positive cells in lower eyelid conjunctiva. 
Notes: Data were averaged from randomly selected three visual fields after treatments in vehicle-treated eyes (n = 21) and in VApal-treated eyes (n = 7 each). The VApal-
treated eyes showed significantly greater numbers of density compared with the vehicle-treated eyes at 3 and 7 days. *P , 0.05; **P , 0.01. All data are mean ± SE.
Abbreviations: PAS, periodic acid–Schiff; SE, standard error; VApal, vitamin A retinol palmitate.

Figure 3 Light microscopic images showing the structure of the cornea stained 
with HE (A and B), and the lower tarsal conjunctiva stained with PAS (C and D). 
Corneal epithelium and conjunctival epithelium were recovered, goblet cells were 
increased at 7 days after treatment with 1500 IU/mL of VApal (B and D) compared 
with vehicle-treated eye (A and C).
Note: Bars are 100 µm.
Abbreviations: PAS, periodic acid–Schiff; VApal, vitamin A retinol palmitate.
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In the present study, we investigated the efficacy of VApal 

eye drops in a lacrimal gland-removed dry eye rabbit model. 

This model is considered to closely resemble the pathologic 

state of dry eyes associated with both tear abnormalities and 

keratoconjunctival epithelial damage, since the tear volume 

was decreased to approximately 50% of the normal value 

and the density of conjunctival goblet cells was decreased 

to approximately 80% of the normal value, resulting in the 

occurrence of keratoconjunctival epithelial damage.

In order to determine the usefulness of VApal for dry 

eyes, investigation after its topical application (at 500, 1000, 

or 1500 IU/mL) and comparison with 0.1% hyaluronic 

acid eye drops, an existing treatment for dry eyes, were 

performed using this animal model. The results suggested 

that topical application of VApal is effective for the improving 

of keratoconjunctival epithelial damage associated with 

tear abnormalities because it promoted healing of corneal 

epithelial damage and recovery of conjunctival goblet cells 

in our rabbit model of dry eyes induced by lacrimal gland 

resection (Figures 1, 2, and 4), as previously reported in a 

rabbit model of keratoconjunctival epithelial damage.12

No improvement was noted after topical application of 

VApal at 500 IU/mL (Figure 2A and D). However, both 

the fluorescein and rose bengal staining scores showed 

signif icant dose-dependent improvement after topical 

application of VApal at 1000 IU/mL (7 days) and at 

1500 IU/mL (3 and 7 days), indicating that use of VApal 

at higher concentrations (1000 or 1500 IU/mL) is effective 

for treating keratoconjunctival epithelial damage associated 

with tear abnormalities in the present model of dry eyes 

(Figure 2B, C, E, and F). With topical application of VApal 

at 1500 IU/mL, improvement occurred sooner (at 3 days) 

after starting treatment and the recovery of keratoconjunctival 

epithelial damage was similar to the change in the number of 

PAS-positive goblet cells in the lower palpebral conjunctiva 

(Figure 4). Because it has been reported that topical 

application of mucin promotes the healing of corneal damage 

in rabbits,38 the results of this study suggest that VApal may 

promote the differentiation of conjunctival goblet cells and 

improve keratoconjunctival epithelial damage via recovery 

of the goblet cell population, promotion of mucin production 

from goblet cells, and stabilization of the tear film due to the 

promotion of tear mucin layer production.

We previously reported that keratoconjunctival epithelial 

damage was improved after recovery of conjunctival goblet 

cells and improvement of the mucin layer, resulting from 

topical application of VApal which promoted the healing 

of keratoconjunctival epithelial damage and recovery of 

conjunctival goblet cells (with the rose bengal staining 

score improving earlier than the fluorescein staining score) 

in a rabbit model of keratoconjunctival epithelial damage 

induced by treatment with n-heptanol.12 In the animal model 

of lacrimal gland resection used in this study, however, there 

was no difference between the fluorescein and rose bengal 

staining scores with regard to the pattern of improvement after 

topical application of VApal. This was presumably related 

to a difference in severity of damage to conjunctival goblet 

cells. In the animal model of keratoconjunctival epithelial 

damage, not only the cornea but also the ocular and palpebral 

conjunctivae was damaged (conjunctival rose bengal staining 

score: approximately 6 points), while the animal model of 

lacrimal gland resection only featured conjunctival damage 

to part of the lower palpebral conjunctiva of the eye with 

lacrimal gland resection, and only slight damage affected 

the entire conjunctiva (conjunctival rose bengal staining 

score: approximately 2–3 points). As a result, improvement 

of the mucin layer by VApal as shown by the rose bengal 
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Figure 5 Comparison of the effects with VApal and hyaluronic acid eye drops. 
The fluorescein score (A) and rose bengal score (B) in the 1500 IU/mL of VApal-
treated eyes (○) showed significant decrease compared with the scores in the 
hyaluronic acid-treated eyes () at 3 and 7 days.
Notes: *P , 0.05; **P , 0.01. All data are mean ± SE (n = 7).
Abbreviations: SE, standard error; VApal, vitamin A retinol palmitate.
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staining score was not detected before improvement of the 

fluorescein staining score.

In this study, a comparison of VApal and 0.1% hyaluronic 

acid eye drops showed that topical application of VApal at 

1500 IU/mL achieved significantly better improvement after 

3 and 7 days compared with that following treatment 

with hyaluronic acid (Figure 5). It has been reported that 

hyaluronic acid improves tears because it retains a significant 

amount of water, has a long residence time, and can promote 

growth of the corneal epithelial cell layer39 and healing of 

corneal epithelial damage.40,41 On the other hand, VApal 

increases not only mucin production by the conjunctival 

epithelium but also hyaluronic acid production by the 

corneal epithelium.42 Because the comparison of VApal and 

hyaluronic acid showed that VApal was more effective, the 

mechanism involved in the healing of keratoconjunctival 

epithelial damage is considered to primarily involve 

promotion of mucin production by conjunctival goblet cells 

secondary to promotion of keratoconjunctival epithelial cell 

differentiation by VApal rather than an increase of corneal 

epithelial hyaluronic acid production by this agent.

In the present lacrimal gland resection rabbit model 

of dry eyes, topical application of VApal improved 

keratoconjunctival epithelial damage and a dose of 

1500 IU/mL improved it more effectively than 0.1% 

hyaluronic acid eye drops. Therefore, it is suggested that 

VApal is effective for improving keratoconjunctival epithelial 

damage associated with tear abnormalities, such as dry eyes. 

Additionally, the mucin-producing effect of VApal has an 

important role in improving keratoconjunctival epithelial 

damage after topical application of VApal. However, it is 

unclear whether VApal has the same beneficial effects in 

human eyes without any side effects. It is necessary to 

conduct further studies at the protein or gene expression 

levels to elucidate the mechanisms underlying the increased 

production of mucin and healing of keratoconjunctival 

epithelial damage by VApal.
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