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Abstract
e AIM: To investigate the effects of diquafosol sodium (DQS)

for dry eye model induced with povidone-iodine (PI) solution.
e METHODS: Ten Sprague Dawley rats as the control
group. Thirty Sprague Dawley rats were used to establish
the dry eye model with stimulation of 10 g/L PI for 14d,
then divided rats into three groups: dry eye group with no
treatment (DED group, n=10); phosphate buffer saline
treated group (PBS group, n=10); diquafosol treated
group (DQS group, n=10). Clinical changes were observed
by tear production test, fluorescein staining, tear break-
up time (TBUT) test, corneal confocal microscope and
ocular surface comprehensive analyzer. Eyeballs were
collected on day 10 of treatment for hematoxylin-eosin
(HE), periodic acid-Schiff (PAS), and alcian blue staining.
TUNEL assay, polymorphonuclear (PMN) and mucin 1
(MUC1) immunofluorescence were performed and corneal
ultrastructural changes were detected by electron microscopy.
e RESULTS: Compared with DED and PBS groups, tear
production (7.26+0.440 vs 4.07+0.474 mm; 7.26+0.440
vs 3.74+0.280 mm; all P<0.01) and TBUT (7.37+0.383s vs
1.49£0.260s; 7.37£0.383s vs 1.42+0.437s; all P<0.01)
were significantly increased in DQS group. HE, PAS, and
alcian blue staining and MUC1 immunofluorescence
showed mucins and conjunctival goblet cells density
(8.45+0.718 vs 5.21+0.813 cells/0.1 mm?; 8.45+0.718 vs

5.36+0.615 cells/0.1 mm?; all P<0.01) increased in DQS
group. Confocal microscopy, PMN immunofluorescence
and TUNEL staining showed inflammatory infiltration and
corneal epithelial cells apoptosis decreased in DQS group.
The increased number of microvilli in corneal epithelial and
the recovered cell junction were observed in DQS group.

e CONCLUSION: Pl instillation can induce goblet cells
and mucin loss, epithelial cell apoptosis and inflammation,
which are consistent with the pathological manifestations
of dry eye. Diquafosol can repair the ocular surface damage
caused by PI, reduce corneal inflammation, inhibit corneal
epithelial cell apoptosis, promote mucin secretion and
maintain tear film stability.
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INTRODUCTION

ry eye disease (DED) is a heterogeneous disorder of the

chronic ocular surface encompassing a range of signs
and symptoms associated with impaired ocular lubrication.
The abnormality in the quality, quantity, and dynamics of
tear may result in tear film instability or imbalance of the
ocular surface microenvironment, which may be accompanied
by inflammatory reactions, ocular surface destruction, and
abnormal distribution and function of the corneal nerve'" ™.
Tear film instability is the core pathogenic mechanism of
dry eye", the mucin layer covers the ocular surface and
sustains tear film stability. The destruction of ocular surface
integrity, including goblet cell loss and apoptosis, may
result in abnormality of mucins, which in turn leads to tear
film instability. Tear instability is related in increased tear
osmolarity, which results in ocular surface inflammation”,
Povidone-iodine (PI) is widely used for preoperative
disinfection of ophthalmic surgery with a broad spectrum of
microbicidal activity'®. Many studies established that PI was

toxic to cornea, with increasing exposure time of 5% PI. Kim

1919



Effects of diquafosol sodium for dry eye model

et al’ observed pathophysiological ocular surface changes,
such as loss of goblet cell density and damaged cornea
epithelium, which were similar to those observed with dry eye
disease.

In our previous studies, we observed ocular surface changes
of Sprague Dawley rats after topical instillation of PI (1%,
twice daily, 14d). Tear break-up time (TBUT; 0.87+0.307s,
8.15+0.564s; P<0.01) and tear production (1.47+0.374,
7.96+0.422 mm; P<0.01) of rats in experimental group
significantly decreased compared with rats in blank control
group. On day 14, we collected eyeballs for hematoxylin-
eosin (HE) and periodic acid-Schiff (PAS) staining, we
observed loss of goblet cells and inflammation of cornea and
conjunctiva in rats of experimental group. Clinical parameters
and histopathological changes in rats were comparable to those
with DED. In consequence, we successfully induced a dry eye
model by 1% PI (Figures 1A, 2).

Diquafosol, a P2Y2 receptor agonist, could activate P2Y2
receptors in ocular surface, which exists in conjunctival
epithelium, lacrimal gland and meibomian gland. It had been
demonstrated to improve secretion of mucin and fluid transport,

1% Many clinical trials

eventually maintain tear film stability"
reported encouraging clinical improvements with diquafosol
in dry eye treatment, including improvements of corneal
fluorescein staining score, TBUT and tear production'"”,

This study aimed to investigate the changes of ocular surface
with PI and therapeutic effects and mechanism of diquafosol in
dry eye rats.

MATERIALS AND METHODS

Ethical Approval All experiment procedures abided the
Association for Research in Vision and Ophthalmology
Statement for the Use of Animals in Ophthalmic and Vision
Research and were ratified by the Ethics Committee of Xuzhou
Medical University (Approval ID: 202110A336, Xuzhou,
China).

Experiment Animals Forty female Sprague Dawley rats
(160180 g, eight weeks old, provided by Xuzhou Medical
University Laboratory Animal Center, Xuzhou, China) were
selected. All rats were free of ocular disease with examining
the anterior segment via slit lamp microscope. Tear production,
fluorescein staining score and TBUT were measured to
confirm the rats were without DED. Rats lived in a standard
environment (room temperature 25°C+1°C, relative humidity
60%=*10%, alternating 12-hour light-dark cycles), ate and
drank at ease.

Experimental Procedures Ten female rats were used as
blank control group, and 30 female rats were used to establish
dry eye model with instillation of 20 uL 10 g/L PI solution
both eyes twice daily for 14d (Yuexing, Xinghua, China).
Tear production, fluorescein staining score and TBUT were
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measured to confirm the 30 rats were successfully induced
DED. According to different treatments, the 30 rats with
DED were divided into three groups: dry eye group with no
treatment (DED group, n=10); phosphate buffer saline treated
group (PBS group, n=10); diquafosol treated group (DQS
group, n=10). The rats in DED group were not treated, both
eyes of rats in PBS group were treated with 20 pL. PBS solution
and both eyes of rats in DQS group were treated with 20 puL.
diquafosol sodium eye drops (Santen, Osaka, Japan), both 6
times a day for 10d. It is necessary to be mentioned that the 3
animal groups were not installed with PI during the 10 day-
long treatment period after the first 14d of PI instillations. We
measured clinical parameters on days 3, 7, 10 after treatment,
then overdose anesthetic was injected to all rats to collect their
eye balls and adnexa for further histological analyses.

Ocular Surface Comprehensive Analyzer Ocular surface
comprehensive analyzer (Kanghua, Chongqing, China) was
used to detect the tear film stability and lipid film on rats by
observing the flowing lipids on the eye surface and Placido
ring. We recorded four to five consecutive blink cycles in
all. The placido ring collected by camera was a complete
concentric ring when tear film was intact, whereas the placido
ring was irregular or distorted'’. Because ocular surface
comprehensive analyzer examination is non-invasive, it was
conducted firstly.

Measurement of Tear Production Phenol red cotton
threads (Jingming, Tianjin, China) were used to evaluate tear
production on days 3, 7, 10 after treatment. After isoflurane
anesthesia, phenol cotton thread was immediately inserted
under the lower conjunctival fornix of rats for 20s"'*. The
length of the wet red thread which observed with microscope
in millimeters was measured to assess amount of tear
production. The procedure was repeated at least three times,
and the average values were calculated.

Corneal Fluorescein Staining and TBUT Slit lamp
microscope with cobalt blue filter (Shangbang, Chongqing,
China) was conducted to observe ocular surface. After
dropping 2 pL of 1% fluorescein sodium into the lower
conjunctival sac, the time(s) from the eyelid opening to the first
dry spot turning up was recorded three times in succession.
The average value was taken and recorded™”. The cornea
was separated into four quadrants: supranasal, infranasal,
supratemporal and infratemporal. Each quadrant was scored
separately. The fluorescein staining score was calculated as below:
0, non; 1, sparse staining less than 30 spots; 2, more than 30
staining spots, but not diffuse; 3, diffuse staining, but no plaque
was formed; 4, positive plaques appear, such as ulcers'.

In Vivo Confocal Microscopy Examination After rats
anesthetized, the examination of cornea was conducted by
Heidelberg Retina Tomograph II (HRT). The target area and
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Figure 1 The anterior segment photos and Fl staining in each group A: Representative anterior segment photos and FL score in model group

for application of PI for 14d, compared with control group; B: Representative anterior segment photos and FL score in control group, DED group,

PBS group and DQS group on day 10 of treatment; C: Corneal FL staining score on day 10 of treatment; D: FL staining at different time points of

treatment in each group. Each value represents the mean+SD, n=10. *P<0.001 vs control group, °P<0.001 vs DED group, “P<0.001 vs PBS group. DED:

Dry eye group with no treatment; PBS: Phosphate buffer saline treated group; DQS: Diquafosol treated group; FL: Fluorescein.

Figure 2 The histologic changes of each group A: The representative images of HE staining of cornea of control group and model group; B: The

representative images of PAS staining of conjunctiva of control group and model group. Scale bar: 100 um. HE: Hematoxylin-eosin; PAS: Periodic

acid Schiff.

depth were adjusted manually and images (400x400 pm’ in
size) were captured. Images of each layer (epithelium, stroma,
endothelium, and nerve fibers) were recorded for each eye. The
inflammatory cells were counted on the stromal images among
the four groups''”.

Histology Eyeballs and adnexa were fixed in 4%
paraformaldehyde overnight, dehydrated with gradient ethanol

successively, embedded with paraffin, then cut to 5-pm

thick sections with microtome (Leica, Nussloch, Germany).
HE staining were conducted to observe the corneal and
conjunctival epithelium. PAS staining was performed to
evaluate density of conjunctival goblet cells"*'”. Alcian blue
staining were executed to observed the number of mucins on

% Three sections of 300 pm intervals were

conjunctival sac
selected to stain. All stained sections were recorded with HD

digital camera (Nikon, Tokyo, Japan).
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Figure 3 The changes of TBUT and tear production A: TBUT on day 10 of treatment; B: TBUT at different time points of treatment in each

group; C: Tear production on day 10 of treatment; D: Tear production at different time points of treatment in each group. Each value represents

the mean#SD, n=10. °P<0.001 vs control group, ®p<0.001 vs DED group, ‘P<0.001 vs PBS group. DED: Dry eye group with no treatment; PBS:

Phosphate buffer saline treated group; DQS: Diquafosol treated group; TBUT: Tear break-up time.

Ultrastructural Analysis The cornea tissues were fixed in
2.5% glutaraldehyde for 2h and in 10 g/L osmium acid for
2h, dehydrated with gradient ethanol, immersed with epoxy
resin, then stained with lead citrate and uranium acetate®®". The
ultrastructural changes of corneal epithelium were evaluated
with transmission electron microscope (TEM). Images were
recorded with a camera (Hitachi, Tokyo, Japan).
Immunofluorescence Staining The 5-um thick paraffinic
sections of eyeballs and adnexa were prepared for
immunofluorescence staining. The sections were incubated
with 0.3% Triton X-100 for 20min, incubated with 1% bovine
serum albumin (BSA) for 1h, then incubated with primary
antibody mucin 1 (MUCI; 1:250, Santa, Dallas, USA)
or polyrmorphonuclear (PMN; 1:1000, Fitzgerald, USA)
overnight. Then sections were incubated with a secondary
antibody (1:500; abbkine, Wuhan, China) for 1h. At last
sections were counterstained with DAPI (Solarbio, Beijing,
China). Images were captured with a fluorescence microscope
(Leica, Wetzlar, Germany)"*”,

Examination of Cell Apoptosis with TUNEL Staining For
evaluating apoptosis in corneal epithelium, TUNEL assay was
performed in 5 pm-thick paraffinic sections of cornea using the
in situ cell death detection kit fluorescein system (Promega,
Wisconsin, USA). Sections were counterstained with DAPI'*.
Images were obtained using a fluorescence microscope (Leica,
Wetzlar, Germany).

Statistical Analysis Statistical analysis was performed using
GraphPad Prism version 8.0 (GraphPad Prism, San Diego, CA,
USA) and all data were expressed as meantstandard deviation
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(SD). Difference between groups were analyzed by one-way
ANOVA, and P<0.05 was defined as statistically significant.
RESULTS

Tear Production In comparison to control group, as it
turned out, tear production was significantly decreased after
application of PI for 14d (7.96+0.422 vs 1.47+0.374 mm;
P<0.01). Topical application of diquafosol for 10d significantly
increased tear production in rats compared with DED and
PBS groups (7.26+0.440 vs 4.07+0.474 mm; 7.26+0.440 vs
3.744+0.280 mm; P<0.01). Besides, there was no significant
difference between DED group and PBS group (4.07+0.474
vs 3.74+0.280 mm; P=0.33; Figure 3C, 3D), n=10 for each
group.

Corneal Fluorescein Staining and TBUT Compared with
control group (8.15+£0.564s), TBUT was significantly reduced
after application of PI for 14d (0.87+0.307s, P<0.01). After
10d of treatment, DQS group (7.37+£0.383s) demonstrated
a significant increase in tear film TBUT compared with
DED group (1.49+0.260s) and PBS groups (1.42+0.437s,
all P<0.01), whereas the PBS group showed no significant
improvement compared with the DED group (P=0.07; Figure
3A, 3B).

On day 10, the corneal fluorescein staining scores in the DED,
PBS, and DQS groups were 10.0+£0.943, 9.7+0.823, and
3.1£0.738, respectively. Treatment with topical diquafosol
resulted in a significant decrease in corneal staining scores
compared with DED and PBS groups (all P<0.01), indicating
a reduction of epithelial injury and restoration of epithelial
barrier function (Figure 1B-1D).
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Figure 4 Examination of corneal confocal microscopy A: Representative images of corneal epithelial cells, subepithelial nerve fibers, corneal

stroma, and corneal endothelial cells in each group for day 10 of treatment. Scale bar: 100 um. B: The number of corneal inflammatory cells of

each group. Each value represents the meanSD, n=3. °P<0.05 vs control group, °P<0.001 vs control group, “P<0.001 vs DED group, “P<0.001 vs

PBS group. DED: Dry eye group with no treatment; PBS: Phosphate buffer saline treated group; DQS: Diquafosol treated group.

Confocal Microscopy Confocal microscope was used to
observe the layers of cornea. In control group, the arrangement
of corneal epithelial cells was tight, the neural stems were clear
and straight, and endothelial cells were closely arranged. After
application of PI, there were bending of neural stem, branches
of rats and inflammatory cells infiltration (bright cells) in
corneal stroma, in DED (156.3+12.50) and PBS (147.9+£15.73)
groups, whereas the inflammatory cells in DQS group
(62.5£12.50) decreased significantly (P<0.01). The result
showed that PI could cause inflammatory reaction and destroy
corneal nerve fibers, whereas diquafosol could significantly
inhibit inflammation, but short-term use of diquafosol had no
effect on repairing corneal nerve (Figure 4).

Tear Film Stability Placido ring and lipid of rat ocular surface
were observed by ocular surface comprehensive analyzer.
Placido ring represents tear film stability. Placido rings were
smooth and complete in control and DQS groups, rough and
incomplete in PBS and DED groups (Figure 5B), lipid flowing
of ocular surface was observed in DQS and control groups, but
not in PBS and DED groups. The results showed that PI could
destroy tear film stability and inhibit ocular surface lipids
secretion, whereas diquafosol could repair tear film stability
and increase the secretion of lipid (Figure 5A).
Histopathologic Findings In control group, corneal
epithelium was intact and arranged orderly, with 4-6
layers, and endothelial cells arranged in a single layer.
Corneal epithelial layers increased in DED and PBS groups,
inflammatory cells infiltration and edema were seen in
subepithelial stroma. Corneal layers in DQS group were

roughly normal, there was no obvious inflammatory cells
infiltration in stroma, and corneal edema was slight. It showed
that PI could cause corneal epithelial injury and inflammation,
whereas diquafosol could inhibit inflammation and promote
corneal epithelial repair (Figure 6A).

Number of Conjunctival Goblet Cell After PAS staining,
the conjunctiva and goblet cells of rats in each group were
observed by microscope, and the goblet cells were counted by
Image J software. In control group, the conjunctival epithelial
cells of rats arranged in order, whereas those in DED and
PBS groups were irregular, disorganized, and the number of
epithelium layers increased. The conjunctival epithelial cells
of DQS group arranged orderly, and the number of layers was
approximately normal (Figure 6B). In comparison to control
group (11.74%1.346 cells/0.1 mm’), the density of conjunctival
goblet cells in DED group (5.21£0.813 cells/0.1 mm?)
and PBS group (5.36+0.615 cells/0.1 mm®) decreased
(P<0.01). Compared with DED and PBS groups, the density
of goblet cells in DQS group was significantly increased
(8.45+0.718 cells/0.1 mm®, P<0.01). It showed that PI could
cause goblet cells loss and epithelium destruction. Diquafosol
could promote the regeneration of goblet cells and repair
conjunctival epithelial cells (Figure 6D).

Mucin Secretion in the Conjunctiva After alcian blue
staining, the conjunctival mucins of rats in each group
were observed by optical microscope, and the mucins
were counted by Image J software. Compared with control
group (13.45+1.18 cells/0.1 mm?), the number of mucins
in DED group (7.23+0.614 cells/0.1 mm®) decreased
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Figure 5 Examination of ocular surface comprehensive analyzer A: Lipid flowing on the ocular surface of each group; B: Placido ring of each

group. DED: Dry eye group with no treatment; PBS: Phosphate buffer saline treated group; DQS: Diquafosol treated group.

Figure 6 The histologic changes of each group A: The representative images of HE staining of cornea of each group; B: The representative

images of PAS staining of conjunctiva of each group; C: The representative images of alcian blue staining of conjunctiva of each group; D: The

number of goblet cells of each group; E: The number of mucins of each group. Each value represents the meanSD, n=5. *P<0.001 vs control

group, °P<0.001 vs DED group, “P<0.001 vs PBS group. Scale bar: 100 um. DED: Dry eye group with no treatment; PBS: Phosphate buffer saline

treated group; DQS: Diquafosol treated group; HE: Hematoxylin-eosin; PAS: Periodic acid Schiff.

significantly (P<0.01). Compared with DED and PBS groups
(7.17+0.968 cells/0.1 mm®), the number of mucins in DQS
group (11.83+0.828 cells/0.1 mm®) increased significantly
(P<0.01). The results showed that PI could inhibit secretion of
conjunctival mucin and diquafosol could significantly promote
mucin secretion and maintain tear film stability (Figure 6C, 6E).

After MUC1 immunofluorescence staining of the ocular

sections of rats in each group, the positive expression in cornea
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and conjunctiva was observed under fluorescence microscope.
Positive expression in cornea and conjunctiva could be
observed in control group, and only a little positive expression
could be observed in DED and PBS groups. Compared with
DED and PBS group, the positive expression of DQS group
increased. The results indicated that PI could inhibit MUCI
secretion in cornea and conjunctiva, while diquafosol could
promote MUCT secretion (Figure 7).



Int J Ophthalmol, Vol. 16, No. 12, Dec. 18, 2023
Tel: 8629-82245172 8629-82210956  Email: ijopress@163.com

www.ijo.cn

Figure 7 The MUC1 immunofluorescence staining of cornea and conjunctiva of each group A: The MUC1 immunofluorescence staining of cornea

of each group; B: The MUC1 immunofluorescence staining of conjunctiva of each group. Scale bar: 100 um. DED: Dry eye group with no treatment;

PBS: Phosphate buffer saline treated group; DQS: Diquafosol treated group; HE: Hematoxylin-eosin; PAS: Periodic acid Schiff; MUC1: Mucin 1.

Figure 8 The PMN immunofluorescence staining of cornea and conjunctiva of each group A: The PMN immunofluorescence staining of

cornea of each group; B: The PMN immunofluorescence staining of conjunctiva of each group. Scale bar: 100 um. DED: Dry eye group with no

treatment; PBS: Phosphate buffer saline treated group; DQS: Diquafosol treated group; PMN: Polymorphonuclear.

Inflammatory Cells Infiltration The positive expression of
PMN (polymorphonuclear) in cornea and conjunctiva of rats in
each group was observed under fluorescence microscope. No
positive expression was found in control group, a large amount
of expression was found in DED and PBS groups and positive
expression decreased significantly in DQS group. The results
indicated that PI could induce inflammation in the cornea
and conjunctiva, and diquafosol could significantly inhibit
inflammatory cells infiltration (Figure 8).

Apoptosis of Corneal Epithelium Cells After TUNEL
staining, positive apoptotic cells were evaluated using
fluorescence microscope. A few of apoptotic cells were
observed in corneal epithelium of control and DQS groups,
plenty of apoptotic cells were observed in the cornea of DED
and PBS groups. The results showed that PI could induce
corneal cell apoptosis, and diquafosol could effectively inhibit
corneal cell apoptosis (Figure 9).

Effect of DQS in Changing Ultra-Structure in Cornea
In control group, microvillus extended in finger shape and

arranged neatly on corneal epithelium, and intercellular

connection was tight. In DED and PBS groups, only a few
microvilli on the corneal epithelium, the desmosome structure
was destroyed, and the intercellular connection was interrupted.
The number of microvillus and desmosomes increased and
cell junction partially recovered in DQS group. The results
showed that PI could destroy the microvilli and desmosome
structure, and diquafosol could repair the ultrastructure of
cornea, promote formation of microvillus and desmosomes,
and restore corneal intercellular connection (Figure 10).
DISCUSSION

In ophthalmic surgery, the ultimate purpose of using
disinfectants is to prevent infectious endophthalmitis and PI
is the most commonly used disinfectant®”. However, there is
no standard on the optimal time, concentration and dose of
PI solution for ophthalmic surgery disinfection. PI is used in
ophthalmic surgery at a variety of concentrations (0.01%—-10%),
duration (30s—3min) and frequency (once or twice)”> >,
At present, exposure to 0.5% PI solution for Smin is considered
to be the choice of eye disinfection before corneal
transplantation””. The ocular surface damage caused by PI
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Figure 9 The TUNEL staining of cornea of each group Scale bra: 100 um.
DED: Dry eye group with no treatment; PBS: Phosphate buffer saline
treated group; DQS: Diquafosol treated group.

Figure 10 The transmission electron microscope of cornea of each
group Scale bar: 1 um. DED: Dry eye group with no treatment; PBS:
Phosphate buffer saline treated group; DQS: Diquafosol treated group.

infusion before cataract surgery, including goblet cell loss

and corneal epithelial damage, is comparable to that of dry
[28-29

eye

solution may be the pathogenic factor of dry eye in patients

!, Therefore, we hypothesized that povidone iodine

undergoing ophthalmic surgery.

We successfully induced the rat dry eye model in this study
by dropping 10 g/L PI solution twice a day for 14d. The
DED group had shorter tear film TBUT, higher fluorescein
staining score and less tear production. The rougher Placido
ring indicated the PI could disturb tear film stability. Based on
pathological findings, we demonstrated that PI could damage
corneal and conjunctival epithelium, induce inflammation
reaction in cornea and conjunctiva, inhibit mucin secretion,
destroy corneal ultrastructure and increase curvature and
branching of corneal nerve fibers.

All of these alterations showed that changes of rat’s ocular
surface were similar to symptoms of human dry eye syndrome.
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The inflammation, conjunctival mucin loss and epithelial
cell apoptosis caused by PI solution are very important in the
pathogenesis of DED. Our dry eye model provided a wealth
of information for investigating inflammatory, apoptosis, and
mucin reduction mechanisms of dry eye.

The major function of goblet cells is to generate and
secrete mucins. Mucins are linked to the microvillus of the
epithelial cells””, playing a critical function in maintaining
hydrophilicity of tear film. It maintains the integrity of the
tear film and decreases the surface tension, allowing a well-
distributed distribution of the aqueous layer over the ocular

surface™"

. The loss of mucin could accelerate tear evaporation,
contribute to tear hyperosmolarity, eventually lead to
inflammation. Thus, microvilli degradation and mucin loss
generated by PI could interfere the formation of mucosal layer
and increase tear evaporation.
By acting on P2Y2 receptors on ocular surface and increasing
intracellular Ca** concentrations, diquafosol promotes tear
and mucin production”". It also improves fluid transport,
eventually improve quantity and quality of tear film.
In DQS group, TBUT and tear production increased and
corneal fluorescein staining score decreased. We observed lipid
flowing on ocular surface, indicating that diquafosol could
promote lipid secretion and stabilize tear film. Meanwhile,
corneal and conjunctival inflammation cells infiltration
significantly decresed, indicating that diquafosol could inhibit
stromal inflammatory infiltration. Last but not least, diquafoslo
could inhibit corneal epithelium apoptosis and goblet cells loss,
promote mucin secretion, repair damaged corneal epithelium
and maintain tear film stability.
In conclusion, our study demonstrated PI could induce clinical
symptoms and histopathological changes of dry eye. In our
previous study, 10% PI solution instillation of Sprague Dawley
rats once could cause corneal edema and exfoliation of the
corneal epithelium right away. The toxicity of PI in cornea
should be attach impotrance by ophthalmologists. The results
showed that diquafosol could alleviate symptoms in the PI-
induced rat dry eye model. Furthermore, diquafosol has the
potential to reduce inflammation, inhibit corneal epithelial
apoptosis, increase goblet cell density, and restore mucin
secretion.
ACKNOWLEDGEMENTS
Conflicts of Interest: Zhang C, None; Wang H, None; Chen
DY, None; Zhao K, None; Wang W, None; Li MX, None.
REFERENCES
1 Walter K. What is dry eye disease? JAMA 2022;328(1):84.
2 Hakim FE, Farooq AV. Dry eye disease: an update in 2022. JAMA
2022;327(5):478-479.
3 Kojima T, Dogru M, Kawashima M, Nakamura S, Tsubota K. Advances in
the diagnosis and treatment of dry eye. Prog Retin Eye Res 2020:100842.



Int J Ophthalmol, Vol. 16, No. 12, Dec. 18, 2023
Tel: 8629-82245172  8629-82210956

www.ijo.cn
Email: ijopress@163.com

4 Baudouin C, Rolando M, Benitez Del et al. Reconsidering the central
role of mucins in dry eye and ocular surface diseases. Prog Retin Eye
Res 2019;71:68-87.

5 Baudouin C, Irke¢ M, Messmer EM, et al. Clinical impact of
inflammation in dry eye disease: proceedings of the ODISSEY group
meeting. Acta Ophthalmol 2018;96(2):111-119.

6 Gonzalez Martin-Moro J, Zarallo-Gallardo J, Guzman-Almagro E,
Antén Rodriguez C. A systematic review and meta-analysis on the
efficacy of topical povidone iodine in adenoviral conjunctivitis. Cont
Lens Anterior Eye 2023;46(5):101873.

7 Kim S, Ahn'Y, Lee Y, Kim H. Toxicity of Povidone-iodine to the ocular
surface of rabbits. BMC Ophthalmol 2020;20(1):359.

8 Nakamura M, Imanaka T, Sakamoto A. Diquafosol ophthalmic solution
for dry eye treatment. Adv Ther 2012;29(7):579-589.

9 Eom Y, Kim HM. Clinical effectiveness of diquafosol ophthalmic
solution 3% in Korean patients with dry eye disease: a multicenter
prospective observational study. Int J Ophthalmol 2021;14(10):
1518-1526.

10 Kang DH, Lee YW, Hwang KY, et al. Changes of tear film lipid layer
thickness by 3% diquafosol ophthalmic solutions in patients with dry
eye syndrome. Int J Ophthalmol 2019;12(10):1555-1560.

11 Matsumoto Y, Ohashi Y, Watanabe H, Tsubota K. Efficacy and safety
of diquafosol ophthalmic solution in patients with dry eye syndrome: a
Japanese phase 2 clinical trial. Ophthalmology 2012;119(10):1954-1960.

12 Ohashi Y, Munesue M, Shimazaki J, et al. Long-term safety and
effectiveness of diquafosol for the treatment of dry eye in a real-world
setting: a prospective observational study. Adv Ther 2020;37(2):707-717.

13 Mu N, Wang H, Chen DY, Wang F, Ji L, Zhang C, Li MX, Lu PR. A
novel rat model of dry eye induced by aerosol exposure of particulate
matter. Invest Ophthalmol Vis Sci 2022;63(1):39.

14 Liu JY, Chu HS, Wei YH, et al. Review, analysis, and education of
antiseptic related ocular injury in the surgical settings. Ocul Surf
2021;22:60-71.

15 Xiao XY, He H, Lin ZR, Luo PP, He H, Zhou T, Zhou YP, Liu ZG.
Therapeutic effects of epidermal growth factor on benzalkonium
chloride-induced dry eye in a mouse model. Invest Ophthalmol Vis Sci
2012;53(1):191.

16 Lee H, Shim W, Kim CE, Choi SY, Lee H, Yang J. Therapeutic
efficacy of nano complex of poly(ethylene glycol) and catechin
for dry eye disease in a mouse model. Invest Ophthalmol Vis Sci
2017;58(3):1682.

17 Matsumoto Y, Ibrahim OMA. Application of in vivo confocal
microscopy in dry eye disease. Invest Ophthalmol Vis Sci 2018;59(14):
DES41-DES47.

18 Bhattacharya D, Ning Y, Zhao FK, Stevenson W, Chen RJ, Zhang
JS, Wang MW. Tear production after bilateral main lacrimal gland
resection in rabbits. Invest Ophthalmol Vis Sci 2015;56(13):7774.

19 Chen XM, Kuang JB, Yu HY, Wu ZN, Wang SY, Zhou SY. A novel
rabbit dry eye model induced by a controlled drying system. Trans Vis
Sci Tech 2021;10(4):32.

20 Kim CE, Kim YJ, Hwang MW, Park YJ, Yang J. Cevimeline-induced
anti-inflammatory effect through upregulations of mucins in the
ocular surface of a dry eye mouse model. Biomed Pharmacother
2021;139:111571.

21 Lee H, Jeon S, Kim CE, Park YJ, Yang J. A new ophthalmic
pharmaceutical formulation, topical sulglycotide, enhances the ocular
mucin secretion in desiccation stress-mediated dry eye disease. Invest
Ophthalmol Vis Sci 2019;60(4):1076.

22 Li CY, Song YY, Luan SH, ef al. Research on the stability of a rabbit
dry eye model induced by topical application of the preservative
benzalkonium chloride. PLoS One 2012;7(3):¢33688.

23 Lin ZR, Liu XC, Zhou T, Wang YH, Bai L, He H, Liu ZG. A mouse
dry eye model induced by topical administration of benzalkonium
chloride. Mol Vis 2011;17:257-264.

24 Friedman DA, Mason JO, Emond T, Mcgwin G. Povidone-iodine
contact time and lid speculum use during intravitreal injection. Retina
2013;33(5):975-981.

25 Grzybowski A, Kanclerz P, Myers WG. The use of povidone-iodine in
ophthalmology. Curr Opin Ophthalmol 2018;29(1):19-32.

26 Kramer A, Below H, Behrens-Baumann W, Miiller G, Rudolph P,
Reimer K. New aspects of the tolerance of the antiseptic povidone-
iodine in different ex vivo models. Dermatology 2002;204(Suppl. 1):
86-91.

27 Fahmy AM, Hardten DR. Treating ocular surface disease: new agents
in development. Clin Ophthalmol 2011;5:465-472.

28 Chen WT, Chen YY, Hung MC. Dry eye following femtosecond
laser-assisted cataract surgery: a meta-analysis. J Clin Med
2022;11(21):6228.

29 Kanclerz P, Grzybowski A. The use of povidone-iodine in
ophthalmology and particularly cataract surgery. Surv Ophthalmol
2019;64(3):441-442.

30 Li XZ, Kang B, Woo IH, Eom Y, Lee HK, Kim HM, Song JS. Effects
of topical mucolytic agents on the tears and ocular surface: a plausible
animal model of mucin-deficient dry eye. Invest Ophthalmol Vis Sci
2018;59(7):3104-3114.

31 Wang WY, Sun XN, Zhao JY, et al. 3% diquafosol sodium eye
drops in Chinese patients with dry eye: a phase IV study. Front Med
(Lausanne) 2023;10:1089613.

1927



	_Hlk138842481
	OLE_LINK119
	OLE_LINK120
	_Hlk141994889
	_Hlk149212659
	_Hlk85751328
	_Hlk149464922
	_Hlk141035055
	_Hlk141035072
	OLE_LINK3
	_Hlk149230317
	_GoBack
	OLE_LINK55
	_Hlk91268773
	_Hlk91268756
	_Hlk90061687
	_Hlk90061740
	_Hlk91271193
	_Hlk91277122
	_Hlk91277098
	_Hlk103511401
	_Hlk103509971
	_Hlk91530374
	OLE_LINK36
	OLE_LINK40
	_Hlk125143863
	_Hlk147149598
	_Hlk149230317
	OLE_LINK2
	_Hlk125124798
	_Hlk124369820
	OLE_LINK7
	_Hlk125183722
	_Hlk125190237
	_Hlk125189680
	_Hlk125190148
	OLE_LINK3
	_Hlk147147616
	_Hlk147400311
	_Hlk147400528
	_Hlk149837571
	_Hlk10105297
	OLE_LINK67
	OLE_LINK69
	_Hlk142899008
	OLE_LINK43
	OLE_LINK54
	OLE_LINK19
	_Hlk32259577
	_Hlk32259610
	_Hlk32259623
	OLE_LINK20
	OLE_LINK45
	OLE_LINK51
	OLE_LINK46
	OLE_LINK41
	OLE_LINK12
	OLE_LINK24
	OLE_LINK37
	_Hlk149230317
	OLE_LINK48
	OLE_LINK4
	OLE_LINK1
	OLE_LINK2
	OLE_LINK65
	_Hlk535998111
	OLE_LINK6
	OLE_LINK7
	OLE_LINK9
	OLE_LINK10
	OLE_LINK17
	OLE_LINK8
	_Hlk536000257
	OLE_LINK13
	OLE_LINK14
	OLE_LINK39
	OLE_LINK40
	OLE_LINK15
	OLE_LINK16
	translation_sen_id-4
	translation_sen_id-1
	translation_sen_id-3
	OLE_LINK21
	OLE_LINK35
	OLE_LINK52
	OLE_LINK56
	OLE_LINK59
	OLE_LINK62
	OLE_LINK31
	OLE_LINK3
	OLE_LINK29
	OLE_LINK32
	OLE_LINK33
	OLE_LINK34
	_Hlk148605665
	PositionBeforeFormat
	OLE_LINK1
	OLE_LINK46
	OLE_LINK13
	OLE_LINK20
	OLE_LINK23
	OLE_LINK24
	OLE_LINK10
	OLE_LINK14
	OLE_LINK16
	OLE_LINK15
	OLE_LINK17
	OLE_LINK27
	OLE_LINK19
	OLE_LINK30
	OLE_LINK32
	OLE_LINK29
	OLE_LINK3
	OLE_LINK26
	OLE_LINK9
	OLE_LINK34
	OLE_LINK35
	OLE_LINK36
	OLE_LINK4
	OLE_LINK21
	OLE_LINK5
	_Hlk137221880
	OLE_LINK6
	OLE_LINK12
	OLE_LINK11
	OLE_LINK37
	OLE_LINK7
	OLE_LINK28
	OLE_LINK84
	OLE_LINK39
	OLE_LINK38
	OLE_LINK47
	OLE_LINK64
	OLE_LINK61
	OLE_LINK8
	OLE_LINK65
	OLE_LINK74
	OLE_LINK71
	OLE_LINK72
	OLE_LINK85
	OLE_LINK70
	OLE_LINK73
	OLE_LINK77
	OLE_LINK42
	OLE_LINK44
	OLE_LINK76
	OLE_LINK89
	OLE_LINK91
	OLE_LINK92
	_Hlk142676516
	_Hlk142676531
	OLE_LINK100
	OLE_LINK97
	OLE_LINK101
	OLE_LINK81
	OLE_LINK102
	OLE_LINK103
	OLE_LINK43
	OLE_LINK45
	OLE_LINK48
	OLE_LINK63
	OLE_LINK58
	OLE_LINK55
	OLE_LINK56
	OLE_LINK53
	OLE_LINK59
	OLE_LINK52
	OLE_LINK98
	OLE_LINK99
	OLE_LINK68
	OLE_LINK69
	_Hlk137221912
	_Hlk124004506
	_Hlk124004279
	_Hlk149055863
	_Hlk124016688
	OLE_LINK16
	OLE_LINK13
	_Hlk16518107
	_Hlk97195352
	_Hlk67576982
	OLE_LINK1
	_Hlk88747580
	_Hlk150440374
	_Hlk108183234
	OLE_LINK3
	OLE_LINK2
	OLE_LINK4
	_Hlk88748841
	OLE_LINK18
	OLE_LINK21
	_Hlk83730683
	_Hlk133177996
	OLE_LINK19
	_Hlk88748625
	OLE_LINK20
	OLE_LINK22
	OLE_LINK23
	OLE_LINK24
	OLE_LINK5
	Dynamic tear meniscus parameters in complete blinking: insights into dry eye assessment
	Ying-Huai Zhang1,2, Jun Feng3, Chen-Yuan Yi1,2, Xian-Yu Deng1,2, Yong-Jin Zhou1,2, Lei Tian3, Ying Jie3

	Effects of diquafosol sodium in povidone iodine-induced dry eye model
	Can Zhang1, He Wang2, Dong-Yan Chen3, Kai Zhao1, Wei Wang2, Ming-Xin Li2

	Morroniside ameliorates lipopolysaccharide-induced inflammatory damage in iris pigment epithelial cells through inhibition of TLR4/JAK2/STAT3 pathway 
	Wen-Jie Li1,2, Lin Liu2, Hong Lu1,3 

	Role of reactive oxygen species in epithelial­—mesenchymal transition and apoptosis of human lens epithelial cells
	Rui-Hua Jing1, Cong-Hui Hu2, Tian-Tian Qi2, Bo Ma2

	Electroacupuncture alleviates ciliary muscle cell apoptosis in lens-induced myopic guinea pigs through inhibiting the mitochondrial signaling pathway
	Zhao-Hui Yang1, Jia-Wen Hao1, Jin-Peng Liu1, Bo Bao1, Tu-Ling Li1, Qiu-Xin Wu2, Ming-Guang He3, Hong-Sheng Bi2,4, Da-Dong Guo4

	De novel heterozygous copy number deletion on 7q31.31-7q31.32 involving TSPAN12 gene with familial exudative vitreoretinopathy in a Chinese family
	Shuang Zhang, Hai-Ming Yong, Gang Zou, Mei-Jiao Ma, Xue Rui, Shang-Ying Yang, Xun-Lun Sheng

	A pedigree with retinitis pigmentosa and its concomitant ophthalmic diseases
	Hong-Dou Luo, Shao-Nan Pei, Ai-Jia Wang, Xue-Qing Yu, Hai-Jian Hu, Ling Zeng, Fei-Fei Wang, Ming Jin, Xu Zhang 

	Clinical significance of episcleral venous fluid wave in gonioscopy-assisted transluminal trabeculotomy
	Liu-Zhi Zeng1, Yu He1, Xiao-Qin Wang1, Yi-Ping Xian1, Han-Ying Fan1, Lin Jing1, Jing Shu1, Qin Li1, Ning-Li Wang2

	Retinal microvascular and microstructural alterations in the diagnosis of meibomian gland dysfunction in severely obese population: a new approach
	Hai Huang1, Xiao-Yu Wang2,3, Hong Wei4,5, Min Kang4,5, Jie Zou4,5, Qian Ling4,5, San-Hua Xu4,5, Hui Huang4,5, Xu Chen6, Yi-Xin Wang7, Yi Shao4,5, Yao Yu2

	Ocular surface microbiota in patients with varying degrees of dry eye severity
	Xin-Rong Zou1,2, Pei Zhang3,4, Yuan Zhou1,2, Yao Yin1,2

	Symmetrical femtosecond laser arc incision in correcting corneal astigmatism in cataract patients
	Zun-Xia Hu1, Jing Sima1, Jia-Guo Cao1, Yan Ke1, Ying-Ying Zhang1, Qiong-Tian Guo1, Yu-Ping He1, Hong-Xia Liao1, Xiao Tan1, Bo Qin1, Li Li1,2

	Surgical outcome comparisons of multifocal IOLs of Lentis Comfort LS-313 MF15 and Tecnis Eyhance DIB00V
	Kyohei Sugawara, Ryosuke Ito, Hiroshi Horiguchi, Kei Mizobuchi, Satoshi Katagiri, Hisato Gunji, Tadashi Nakano

	Effect of low dose laser cycloplasty on deepening anterior chamber in chronic angle-closure glaucoma
	Xuan-Li Zheng1, Hai-Shuang Lin1, Xiao-Jie Wang1, Jia-Qian Li1, Yan-Qian Xie2,3, Shao-Dan Zhang2,3, Yuan-Bo Liang2,3

	Peripapillary and macular vascular densities in healthy, ocular hypertensive, and different stages of glaucomatous eyes
	Caner Öztürk1, Sirel Gür Güngör2, Ümit Ekşioğlu2, Almila Sarıgül Sezenöz2, Meriç Çolak3

	Optical coherence tomography angiography characteristics of exudative and non-exudative treatment-naïve pachychoroid neovasculopathy
	Chun Yang, Zu-Hua Sun, Ting-Ye Zhou, Wei-Wei Zheng, Xiao-Ling Liu, Bing Lin

	Risk factors and prognosis of pediatric rhegmatogenous retinal detachment in Egypt: a university hospital based study
	Mohamed Gaber Eissa, Mohamad Amr Salah Eddin Abdelhakim, Tamer Ahmed Macky, Hassan Aly Mortada

	Retinal laser photocoagulation and intravitreal injection of anti-VEGF for hemorrhagic retinal arterial microaneurysm
	Ying Huang, Wei-Wei Zheng, Ying-Zi Li, Zu-Hua Sun, Bing Lin

	Optical coherence tomography angiography for macular microvessels in ischemic branch retinal vein occlusion treated with conbercept: predictive factors for the prognosis
	Li Tang, Guang-Li Sun, Yue Zhao, Ting-Ting Yang, Jin Yao 

	How long does the recovery of corneal sensitivity in different corneal regions take after LASEK?
	Ali Mirzajani1, Aria Bouyeh1, Fatemeh Khezri1, Ebrahim Jafarzadehpur1, Farid Karimian2 

	Peripapillary intrachoroidal cavitation at the crossroads of peripapillary myopic changes
	Adèle Ehongo1, Zaki Hasnaoui1, Nacima Kisma1, Yassir Alaoui Mhammedi1, Artemise Dugauquier1, Kevin Coppens2, Eloïse Wellens3, Viviane de Maertelaere4, Françoise Bremer1, Karelle Leroy5

	Quality of life and depression among patients with high myopia in Nigeria–a cross sectional study
	Uchechukwu Levi Osuagwu1,2, Kelechukwu Enyinnaya Ahaiwe3, Nnaemeka Meribe4, Elizabeth Dennis Nkanga5, Bernadine Nsa Ekpenyong6, Affiong Andem Ibanga5, Piwuna Christopher Goson7, Dennis George Nkanga5

	Observation of peripheral refraction in myopic anisometropia in young adults
	Yu-Qin Du1,2, Yue-Hua Zhou1,2, Ming-Wei Ding1,2, Ming-Xu Zhang1,2, Yu-Juan Guo1,2, Shan-Shan Ge1,2

	Evaluation of macular choroidal and microvascular network changes by activity scores and serum antibodies in thyroid eye patients and healthy subjects
	Mehmet Erkan Dogan1, Ibrahim Basol2, Hatice Deniz Ilhan1, Yusuf Ayaz1, Olgar Ocal3 

	Agreements’ profile of Scheimpflug-based optical biometer with gold standard partial coherence interferometry
	Sara Sardari1,2, Akbar Fotouhi3, Ebrahim Jafarzadehpur4, Mehdi Khabazkhoob5

	Different approaches for treating myopic choroidal neovascularization: a network Meta-analysis
	Ya-Jun Wu1,2,3, Yu-Liang Feng1,2,3, Jia-Song Yang1,2,3, Hua Fan2,3, Wen-Sheng Li1,2,3

	Visualized analysis of research on myopic traction maculopathy based on CiteSpace
	Heng-Di Zhang1, Ling Zhang2, Fei Han1, Ning Lin1, Wei Jiang1

	Glaucoma among Saudi Arabian population: a scoping review
	Ismail Abuallut1, Mohammed Khalid Arishi2, Ahmed Mustafa Albarnawi2, Sumayyah Ali Jafar2, Abdullah Mohammed Alamer2, Tahani Hassan Altubayqi2, Mohammed Ahmed Hadadi2, Mohand Abdullah Alasiri2

	Three siblings with gyrate atrophy of the choroid and retina: a case report
	Maamouri Rym1,4, Ferchichi Molka1,4, Ben Chehida Amel2,4, Hadj-Taieb Sameh3,4, Cheour Monia1,4

	Endoscopic transnasal optic canal decompression for pediatric traumatic optic neuropathy with no light perception
	Yuan Ning1, Chun-Xia Wang1, Zi-Yan Yu1, Yong Wang2


