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Abstract

Purpose: To compare the efficacy of green tea extract (epigallocatechin gallate — EGCG) and resveratrol with autologous
serum (AS) in a chemical eye injury.

Methods: A total of 17 New Zealand rabbits were divided into 5 groups (3 treatment groups, 1 sham, and 1 control group).
A membrane filter paper impregnated with 10% potassium hydroxide was placed over the right eyes of the rabbits under
sedation for 30 seconds to induce a chemical burn. Next, the ocular surfaces were washed with 0.9% saline for 10 minutes.
EGCG solution was applied to the rabbits in Group 1, resveratrol solution to Group 2, and 20% AS to Group 3 for 3 weeks. In all
groups, 0.9% saline was applied to the left eyes for 3 weeks (sham). Two corneas were left untreated after the chemical burn as
a control. All groups were photographed daily for 3 weeks. Afterwards, the rabbits were sacrificed, the corneas were excised,
and examined histopathologically with Hematoxylin & Eosin, Masson Trichrome, PAS staining, and immunohistochemically
for GFAP, Ki-67, NF-kB, and IL-17 expression.

Results: Clinically: AS was the only agent that clinically decreased the epithelial defect compared to the pre-treatment status.
Histologically: Neuronal regeneration was higher in Group 2. Innate immune and inflammatory responses, as well as
regeneration, were superior in Group 1.

Conclusion: EGCG and AS, but not resveratrol, could stimulate corneal healing in chemical eye injuries. More studies are
needed to determine the optimal dose of EGCG and obtain a clinical response.
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hemical corneal injuries are ophthalmological

emergencies that require rapid treatment and close
monitoring. They constitute 11-22% of all ocular traumas
and tend to be more prevalent in low socioeconomic
populations and in men.['-3The most common agents that
cause chemical injuries are alkaline compounds, followed
by acidic compounds and alcohol. Although both alkaline
and acidic compounds affect the ocular surface, the
damage resulting from exposure to alkaline compounds is
usually more severe.l-3]

Treatment for corneal injuries relies on the stimulation
of epithelialization of the ocular surface, decrease in
inflammation, and prevention of complications as much
as possible.’2l However, the agents that are currently
available do not provide an adequate level of treatment.
For this reason, a significant number of patients have to
continue their lives with visual acuity at legal blindness
levels despite undergoing treatments. Therefore, new
therapeutic agents and applications are still needed.

Epigallocatechin gallate (EGCG) is a polyphenolic natural
compound and belongs to the catechin family. EGCG has
been shown to decrease proliferation in both diseased and
normal cells and may protect from both genetic mutations
and inflammation.[*6! It is used as an additive in chemical
preservatives due to its antioxidant properties. EGCG was
reported to be beneficial for dry eye and corneal epithelium
damage.l’-]

Resveratrol is a natural polyphenolic compound that is
found in foods such as black grapes, blueberries, black
mulberries, sweet potatoes, and peanuts. One of the
mechanisms by which it prevents cell proliferation is by
inhibiting the histone deacetylase enzyme. Resveratrol
has anti-inflammatory, antioxidant, anti-angiogenic, and
neuroprotective effects.['%11] Resveratrol can also increase
epithelialization by stimulating the expression of NOTCH,
which is known to affect epithelial maturation.'2l Due to
these properties, resveratrol has been used as a treatment
option in uveitis, diabetic retinopathy, dry eye, and corneal
trauma.[13-15]

The present study aimed to evaluate the efficacy of EGCG
and resveratrol in a model of chemical corneal trauma;
autologous serum (AS) was used as the reference treatment
for comparison.

Materials and Methods

A total of 17 New Zealand rabbits were divided into 5
groups. The right ocular surfaces were exposed to 10%
potassium hydroxide to induce burn in rabbits assigned to
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Groups 1, 2, and 3 (n=5 for each group). Group 4 included
the left eyes of these rabbits, which were not exposed to
chemicals and were solely treated with saline. The control
group included the right eyes of two rabbits that were
exposed to chemical burn and treated with saline alone.
Each solution was administered in 50 pl doses three times
a day.

All rabbits were sedated with 35-50 mg/kg ketamine and
5-10 mg/kg xylazine applied subcutaneously. Next, filter
papers impregnated with 10% potassium hydroxide were
applied to the right eyes of the rabbits in all 5 groups for
30 seconds to model a chemical burn. Following this, the
ocular surface was washed with 0.9% physiological saline
for 10 minutes. The chemically injured right eyes in Group
1 animals received EGCG, Group 2 received resveratrol, and
Group 3 received AS solutions for 3 weeks. The uninjured
left eyes of these rabbits were taken as a sham group and
received 0.9% physiological saline for 3 weeks. The animals
in the control group received 0.9% physiological saline to
the right eyes 4 times a day for 3 weeks.

The clinical appearance of the corneas was documented
by photography on the 15t, 7th, 14th and 215t days in all
groups (12 MP, /1.6, 26 mm sides, 1/2.55", 1.4 um, dual pixel
with LIDAR scanner) with 5x magnification. Inflammation
was determined by considering the following parameters:

1. Conjunctival hyperemia (normal = absent; mild =
mild or sectoral engorgement of the conjunctival
vessels; moderate = diffuse engorgement of the
conjunctival vessels; severe = significant engorgement
of conjunctival vessels).

2. Corneal edema (normal = absent; mild = present with
visible iris details; moderate = present without iris
details; severe = present without visible pupil).

3. Corneal epithelial defect (normal = absent; mild = defect
involving less than one quarter of the corneal surface;
moderate = defect involving one quarter to one half
of the corneal surface; severe = defect involving more
than one half of the corneal surface).['4!

At the end of the experiment, all rabbits were sacrificed,
and the corneas were excised for histological examination.
The staging was applied by two ophthalmologists who
were blinded to the study groups.

Resveratrol and EGCG extracts were obtained from
Sigma-Aldrich® (Massachusetts, USA). The extracts
were individually added to 0.9% NaCl (physiological
serum) solution at a concentration of 5 uM and 10 mg/
ml, respectively, and filter sterilized. The solutions were
prepared with the support of the Pharmacognosy
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Department. The blood samples obtained from rabbits
were centrifuged at the Department of Ophthalmology
and diluted with sterile saline solution at a ratio of 1:5 to
obtain the AS solution.

Histopathological and immunopathological evaluation of
the corneal samples was carried out at the Department of
Histology and Embryology. Histopathological examinations
were carried out with Hematoxylin & Eosin, Masson
Trichrome, and PAS staining. Immunohistochemical
examinations were carried out with the markers GFAP, Ki-67,
NF-kB, and IL-17. The presence of every brown cytoplasmic
staining cell was scored as positive. The number of GFAP, IL-
17, NF-kB, or Ki-67 immune-stained stromal and epithelial
cells was assessed systematically by scoring at least 100
cells per 10 fields of tissue sections at 100x magnification
by two histologists who were blinded to the study groups.

The current study was conducted with the approval of the
Ege University Animal Experiments Ethics Committee. The
study adhered to the ARVO Animal Statement.

Statistical Analysis

The data were evaluated with SPSS 22° (IBM, New York, USA)
software. Since the data did not show normal distribution,
the Kruskal-Wallis test in independent multiple groups
and the Friedman test in dependent multiple groups were
used. Wilcoxon and Mann-Whitney U tests were used for
between-group comparisons, depending on whether they
were dependent or independent, respectively.

Results

1) Clinical Evaluation

After chemical damage was created, statistical evaluation
was made between the groups in terms of conjunctival
hyperemia, corneal edema, and corneal epithelial defect.
Although there were clinical differences between the
groups in corneal edema resulting from chemical damage,
the pre- and post-treatment conditions of each group were
statistically evaluated within themselves; therefore, their
effects on corneal edema were examined more precisely.

No significant difference in conjunctival hyperemia was
identified between the different groups of animals. A
significant difference in corneal edema between the
groups was found only on day 0. The stage of the AS group
was significantly lower than the stage of the EGCG group,
while there was no significant difference in the other
comparisons. No significant difference was detected in
epithelial defects between the groups (Tables 1-4; Fig. 1,
Columns: Day 0, 7, 14, and 21).
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Table 1. Conjunctival hyperemia (stages)

Rabbit Numbers Day 0 Day 7 Day 14 Day 21
Group 1
1 2 1 1 0
2 3 3 3 3
3 3 3 3 3
4% 3 2 1 1
5 1 1 1 0
Group 2
6 2 2 2 2
7 3 3 3 3
8** 3
9 3 3 3 3
10 3 3 3 3
Group 3
1 3 3 3 2
12 3 3 3 3
13 3 3 3 3
14 3 3 3 Phthisis
15 3 2 2 2

*Rabbit number 4 gave birth on the 11th day of the experiment and was
not sacrificed at the end of the experiment. **Rabbit number 8 died on
the 5th day of the experiment. (0: Normal, 1: Mild, 2: Moderate, 3: Severe).

Table 2. Corneal edema (stages)

Rabbit Numbers Day 0 Day 7 Day 14 Day 21
Group 1
1 1 0 0 0
2 3 3 3 3
3 2 2 2 2
4* 2 1 1 1
5 1 0 0 0
Group 2
6 2 2 2 2
7 3 3 3 3
8** 3
9 3 3 3 3
10 3 3 3 3
Group 3
1 3 3 3 3
12 3 3 3 3
13 3 3 3 3
14 3 3 3 Phthisis
15 3 3 3 3

(0: Normal, 1: Mild, 2: Moderate, 3: Severe).

No significant change in conjunctival hyperemia or corneal
edema was identified between the pre-treatment and the
post-treatment status (day O vs. day 21) in any of the groups
(Table 5). A significant change in corneal epithelial defect
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Table 3. Corneal epithelial defect (stages)

Rabbit Numbers Day 0 Day 7 Day 14 Day 21
Group 1
1 1 1 1 0
2 3 3 3 3
3 3 2 2 2
4* 2 2 1 1
5 1 1 0 0
Group 2
6 2 2 2 2
7 3 3 3 3
8** 3
9 3 3 3 3
10 3 3 3 3
Group 3
1 3 3 3 3
12 3 3 3 3
13 3 3 3 3
14 3 3 3 Phthisis
15 3 3 2 2

(0: Normal, 1: Mild, 2: Moderate, 3: Severe).

Table 4. Clinical comparison between groups according to

Fig. 1. Clinical examination samples of the different groups.

Table 5. Comparison of pre- and post-treatment clinical status

days according to agents. (p values)
Days Treatment Agents
Clinical status 0 7 14 21 Clinical status ECGA Resveratrol AS Control
(Group 1) (Group 2) (Group 3)
Conjunctival hyperemia 0.291 0.257 0.196  0.312
Corneal edema 0.022 0.25 0.25 0.037 Conjunctival hyperemia 0.157 1.0 0.102 1.0
Epithelial defect 0.087  0.029 0.059  0.08 Corneal edema 1.0 1.0 0.083 1.0
Epithelial defect 0317 1.0 0.046 1.0

Kruskal Wallis (p:0.025); * Difference between OS and ECGA on day 0: p=
0.032 z: -2.37 (Mann Whitney U; p=0.05).

was found only in the AS group when the pre-treatment
and the post-treatment status were compared (day O vs.
day 21) (Table 5). In conclusion, these clinical results can be
interpreted as follows:

« After chemical damage was created, there was
significantly less corneal edema in the AS group
compared to the EGCG group, while no significant
difference was identified in corneal edema between the
two groups after 21 days of treatment.

« ASwasthe only agent that reduced the epithelial defect
toaclinically meaningful extent when the pre-treatment
status was compared with the post-treatment status
within the groups.

« No statistically significant clinical improvement in
conjunctival hyperemia and corneal edema was
observed with any of the treatments.

Wilcoxon signed ranks (p:0.05).

Statistical power and sample size analysis were calculated
by G-power analysis (Heinrich Heine Universitat, Diisseldorf,
Germany). It was calculated that the effective sample size
could not be reached. Statistical power was 0.5.

2) Histological Examination (Figs. 2, 3):

Hematoxylin & Eosin (H&E)

Normal epithelial cell and stroma morphology were
observed in Group 4 (sham). Cell loss in the basal and
epithelial regions, occasional erosion of the epithelium,
deep stromal edema, inflammatory cell infiltration in the
stroma, and swelling in the stroma were observed in the
control group. A slight regeneration in the epithelium was
observed in Group 1 and Group 3 animals; the regeneration
in these groups was more obvious than in Group 2. Stromal
edema was found to decrease in all three study groups.
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Fig.2. Histopathological examinations of the study, sham, and control

groups with H&E, MT, and PAS.

Periodic Acid-Schiff (PAS) Staining

PAS staining revealed that the Bowman and Descemet
membranes were in the form of continuous and
homogeneous thick layers in Group 4 but were thinner,
albeit heterogeneously, in the control group. An
improvement in the thickness and homogeneity of the
Bowman and Descemet membranes was observed in all
three treatment groups, but was particularly evident in
Group 3. These findings were in good agreement with the
H&E staining data, supporting the healing of epithelium
and stroma in the study groups.

Masson Trichrome (MT)

MT staining indicated a thinning in the stromal collagen
fiber thickness in the control group compared to the
Group 4 (sham) animals. Although there was no significant
difference in collagen fiber thickness between the three
treatment groups (Group 1, Group 2, and Group 3), a
modest increase in collagen fiber thickness was seen in
those groups compared to Group 4.

GFAP Expression
GFAP expression in the stromal cells was determined to

Fig. 3. Histopathological examinations of the study, sham, and control

groups with markers such as GFAP, IL-17, Ki-67, and NF-«kB.

be strong in Group 4 and weak in the control group. The
level of expression was strong near the middle layers of the
cornea in Group 2, while it was moderate in Group 1 and
Group 3.

IL-17 Expression

IL-17 expression was observed to be strong in Group 4 and
weak in the control group. The expression was also strong
in Group 1 but was determined to be moderate in Group 2
and Group 3.

NF-kB Expression

A strong NF-kB expression was detected in Group 4, while
the control group had weak expression. Among the study
groups, NF-kB expression level was moderate in Group 2
and Group 3, and strong in Group 1.

Ki-67 Expression

Ki-67 expression was observed to be strong in Group 4 and
weak in the control group, while the expression was found
to be moderate in Group 1, Group 2, and Group 3.

Discussion

The effectiveness of EGCG and resveratrol in the healing
of chemical corneal trauma was evaluated in the current
study. AS was accepted as the reference treatment
for comparison. We report for the first time a role of
resveratrol in the stimulation of neuronal regeneration in
the cornea to a greater extent than AS and EGCG. Using
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immunohistochemical tools, we also report for the first
time a role of EGCG in the stimulation of epithelial healing
secondary to stromal damage, especially in eyes with
stromal edema.

Resveratrol is a hydrophobic compound but has
low bioavailability. It is rapidly metabolized if
not administered to the patient after peak serum
concentrations have been reached. Although its oral
and parenteral pharmacokinetics have been studied in
detail, its transconjunctival pharmacokinetics have not
been studied in detail. Although it is used in high doses
in in vitro experiments, it is unclear what benefit the use
of solutions above 5-10 uM would provide in in vivo
conditions.['5] Epigallocatechin is a hydrophilic molecule
with low bioavailability. Esterification, nanoparticle
approaches, and silica-based EGCG-NPs are being studied
to increase bioavailability. We have not come across any
study demonstrating the optimal transconjunctival dose
of EGCG. In various pharmacokinetic and corneal injury
model studies, it was observed that the effectiveness of
solutions containing pure EGCG extract didn't change
after the solution concentration increased above 0.1
mg/L and/or 550 mg/kg. However, there is no consensus
on the optimal concentration that should be used for eye
drop solutions that contain EGCG.['617] For these reasons,
we prepared the eye drop solutions at the concentrations
we specified above.

EGCG is known to have anti-inflammatory, antioxidant,
antimutagenic, apoptotic, and anti-neovascular
effects.*>7:8] Due to these effects, the compound was
recommended for the treatment of both cancer and
epithelial damage. However, most reported studies rely
on in vitro cell culture rather than clinical research in
humans. The number of studies conducted under in vivo
conditions is also very few.[”816] Moreover, the studies
published to date have not directly compared the efficacy
of EGCG with an agent such as AS. In the present study,
the effects of both AS and resveratrol were compared with
EGCG in a rabbit model of corneal damage. A previous
study has reported the effect of EGCG by the extent of
corneal neovascularization, while the histological status
was investigated by VEGF expression, myeloperoxidase
enzyme (MPO), and the infiltration of polymorphonuclear
leukocytes.[®l Phosphate buffer was used in the control
group. Another study reported the levels of 8-isoprostane
and glutathione in the ocular fluid after intragastric
administration of green tea extract to mice.l'8] However,
these authors demonstrated increased oxidative stress in
the cornea, contrary to previous studies. In yet another
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study, EGCG was reported to decrease neovascularization
after mechanical stimulation of corneal neovascularization
in rabbits.[18] Tseng et al."9 reported that eye drops mixed
with green tea extract were more effective in reducing eye
dryness. In the current study, EGCG was found to increase
IL-17, NF-kB, and GFAP expression and decrease stromal
edema.

Several different markers for inflammation, proliferation,
and neuronal regeneration were used in the current
study. IL-17 and NF-kB are among the main inflammatory
cytokines of the innate immune system. IL-17 plays a crucial
role in the bridge between the innate immune system
and the activation of the adaptive immune system.[20-
22] Although IL-17 is generally expressed throughout the
body, it essentially executes an important role in epithelial
cells.201 NF-xB activation has been reported to induce
corneal regeneration.[23241 GFAP is produced extensively
in neuroglial cells and also functions as a marker for neural
stem cells.[2526] Therefore, GFAP has been used extensively
as a marker for the healing of the optic nerve, retina, as well
as corneal damage.27-29] Ki-67 is a proliferation marker
that reflects corneal epithelial and limbic proliferation, as
well as endothelial healing.[30-32]

Overall, the current study illuminated that AS was
superior to EGCG and resveratrol for clinical healing
of the cornea after chemical trauma. However, EGCG
showed a strong effect on stromal healing histologically,
while resveratrol could stimulate neuronal regeneration.
Previous studies have shown that resveratrol can
stimulate neural regeneration in ischemic neuronal
damage and neurodegenerative  diseases.[3334]
Additionally, it has been observed that resveratrol
causes a decrease in ischemic damage in the retina
and has neuroprotective effects on retinal ganglion cell
dendrites.[3536] |n our study, the histologically positive
effects of resveratrol on corneal neuronal regeneration
support those neuroprotective findings. Previous studies
have shown that EGCG causes a decrease in dry eye
symptoms and a decrease in corneal neovascularization
after corneal injury.[818] |n addition, our study has
shown that it causes a histological decrease in corneal
edema. In light of our findings, more studies are needed
to compare the efficacy of EGCG with treatments with
proven effectiveness. The current study meets this need,
albeit at a preliminary level.

In our study, a more up-to-date staging system that
evaluates acute chemical corneal damage was used, which
has not been used in other studies investigating the effects
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of EGCG. In addition, a wider variety of histological and
immunochemical markers were used in our study, especially
for neuronal regeneration and innate immune response,
than those used in other animal studies investigating the
effects of EGCG to date.

Experiments in humans have a strong ethical burden.
Nonetheless, pharmacologically effective drug forms can
be developed with studies including a larger number of
cases. Based on the findings of the current study, EGCG and
resveratrol can be considered as supplement agents to the
agents that are already in use for ocular surface chemical
injuries, especially for corneal edema and corneal neuronal
damage, respectively.

Limitations

The limitations of the present study are the relatively small
sample size, limited number of markers evaluated with
immunohistochemical staining, and the relatively short
follow-up period. Additionally, frequently used drugs such
as anti-VEGF agents, curcumin, apigenin, etc., could also be
evaluated in a comparative study of potential treatment
agents. Many of these limitations have arisen primarily due
to budgetary constraints.

Conclusion

Resveratrol could stimulate neuronal regeneration
histologically in the cornea to a greater extent than AS and
EGCG after chemical trauma. EGCG can heal corneal edema
when tissues are examined histologically.

Acknowledgements: The authors would like to thank to Ege
University Scientific Research Projects Coordination for providing
financial support. This study received the 2nd best study award
at the 56th National Congress of the Turkish Ophthalmological
Association (November 2022, Antalya, Turkiye).

Ethics Committee Approval: The Ege University Animal
Experiments Ethics Committee granted approval for this study
(date: 19.06.2019, number: 2018/130).

Peer-review: Externally peer-reviewed.

Author Contributions: Concept: 0.B.S., M.P; Design: Y.C.,, M.P;
Supervision: O.B.S., M.P; Resource: F.O., E.H.G,; Materials: Y.C,
S.Y., AB, FO., EH.G,; Data Collection and/or Processing: Y.C.,, S.Y.;
Analysis and/or Interpretation: Y.C,, C.D., A.B., EH.G,; Literature
Search: Y.C,; Writing: Y.C,; Critical Reviews: M.P.

Conflict of Interest: None declared

Use of Al for Writing Assistance: Not declared.

Financial Disclosure: This study was conducted with the support

of Ege University Scientific Research Projects Coordination
(Project ID: 20952).

References

1. Singh P, Tyagi M, Kumar Y, Gupta KK, Sharma PD. Ocular
chemical injuries and their management. Oman J Ophthalmol
2013;6:83-6. [CrossRef]

2. Wagoner MD. Chemical injuries of the eye: Current conceptsin
pathophysiology and therapy. Surv Ophthalmol 1997;41:275-
313. [CrossRef]

3. Sharma N, Kaur M, Agarwal T, Sangwan VS, Vajpayee RB.
Treatment of acute ocular chemical burns. Surv Ophthalmol
2018;63:214-35. [CrossRef]

4. Balasubramanian S, Eckert RL. Keratinocyte proliferation,
differentiation, and apoptosis--differential mechanisms of
regulation by curcumin, EGCG and apigenin. Toxicol Appl
Pharmacol 2007;224:214-9. [CrossRef]

5. Du GJ, Zhang Z, Wen XD, Yu C, Calway T, Yuan CS, et al.
Epigallocatechin Gallate (EGCG) is the most effective cancer
chemopreventive polyphenol in green tea. Nutrients
2012;4:1679-91. [CrossRef]

6. Thangapazham RL, Singh AK, Sharma A, Warren J, Gaddipati
JP, Maheshwari RK. Green tea polyphenols and its constituent
epigallocatechin gallate inhibits proliferation of human breast
cancer cells in vitro and in vivo. Cancer Lett 2007;245:232-41.
[CrossRef]

7. Gulias-Cafhizo R, Lagunes-Guillén A, Gonzélez-Robles
A, Sanchez-Guzmaén E, Castro-Mufozledo F.
(-)-Epigallocatechin-3-gallate, reduces corneal damage
secondary from experimental grade Il alkali burns in mice.
Burns 2019;45:398-412. [CrossRef]

8. Wu LQ, Lu M. [Efficacy of epigallocatechin gallate in treatment
of alkali burn injury of murine cornea]. Zhejiang Da Xue Xue
Bao Yi Xue Ban 2015;44:15-23. [In Chinese]

9. Huang HY, Wang MC, Chen ZY, Chiu WY, Chen KH, Lin IC,
et al. Gelatin-epigallocatechin gallate nanoparticles with
hyaluronic acid decoration as eye drops can treat rabbit
dry-eye syndrome effectively via inflammatory relief. Int J
Nanomedicine 2018;13:7251-73. [CrossRef]

10. Subramani M, Ponnalagu M, Krishna L, Jeyabalan N, Chevour
P, Sharma A, et al. Resveratrol reverses the adverse effects of
bevacizumab on cultured ARPE-19 cells. Sci Rep 2017;7:12242.
[CrossRef]

11. RicherS, Stiles W, Ulanski L, Carroll D, Podella C. Observation of
human retinal remodeling in octogenarians with a resveratrol
based nutritional supplement. Nutrients 2013;5:1989-2005.
[CrossRef]

12. Kubota§, KuriharaT, MochimaruH, Satofuka S, Noda K, Ozawa,
et al. Prevention of ocular inflammation in endotoxin-induced
uveitis with resveratrol by inhibiting oxidative damage and
nuclear factor-kappaB activation. Invest Ophthalmol Vis Sci
2009;50:3512-9. [CrossRef]

13. Bola C, Bartlett H, Eperjesi F. Resveratrol and the eye: activity
and molecular mechanisms. Graefes Arch Clin Exp Ophthalmol
2014;252:699-713. [CrossRef]

14. Shetty R, Joshi PD, Mahendran K, Jayadev C, Das D. Resveratrol
for dry eye disease - Hope or Hype? Indian J Ophthalmol



204

2023;71:1270-5. [CrossRef]

15. Abu-Amero KK, Kondkar AA, Chalam KV. Resveratrol and
ophthalmic diseases. Nutrients 2016;8:200. [CrossRef]

16. Chu KO, Chan KP, Yang YP, Qin YJ, Li WY, Chan SO, et al. Effects
of EGCG content in green tea extract on pharmacokinetics,
oxidative status and expression of inflammatory and
apoptotic genes in the rat ocular tissues. J Nutr Biochem
2015;26:1357-67. [CrossRef]

17. Miyagawa T, Chen ZY, Chang CY, Chen KH, Wang YK, Liu GS, et
al. Topical Application of Hyaluronic Acid-RGD Peptide-Coated
Gelatin/Epigallocatechin-3 Gallate (EGCG) Nanoparticles
Inhibits Corneal Neovascularization Via Inhibition of VEGF
Production. Pharmaceutics 2020;12:404. [CrossRef]

18. Koh CH, Lee HS, Chung SK. Effect of topical epigallocatechin
gallate on corneal neovascularization in rabbits. Cornea
2014;33:527-32. [CrossRef]

19. Tseng CL, Hung YJ, Chen ZY, Fang HW, Chen KH. Synergistic
effect of artificial tears containing epigallocatechin gallate
and hyaluronic acid for the treatment of rabbits with dry eye
syndrome. PLoS One 2016;11:e0157982. [CrossRef]

20. Ho AW, Gaffen SL. IL-17RC: a partner in IL-17 signaling and
beyond. Semin Immunopathol 2010;32:33-42. [CrossRef]

21. Aggarwal S, Gurney AL. IL-17: prototype member of an
emerging cytokine family. J Leukoc Biol 2002;71:1-8. [CrossRef]

22. Miossec P, Kolls JK. Targeting IL-17 and TH17 cells in chronic
inflammation. Nat Rev Drug Discov 2012;11:763-76. [CrossRef]

23.Wang L, Wu X, Shi T, Lu L. Epidermal growth factor
(EGF)-induced corneal epithelial wound healing through
nuclear factor kB subtype-regulated CCCTC binding factor
(CTCF) activation. J Biol Chem 2013;288:24363-71. [CrossRef]

24. Zhou X, Backman LJ, Danielson P. Activation of NF-kB signaling
via cytosolic mitochondrial RNA sensing in kerotocytes with
mitochondrial DNA common deletion. Sci Rep 2021;11:7360.
[CrossRef]

25. Hainfellner JA, Voigtlander T, Strébel T, Mazal PR, Maddalena
AS, Aguzzi A, et al. Fibroblasts can express glial fibrillary acidic
protein (GFAP) in vivo. J Neuropathol Exp Neurol 2001;60:449-
61. [CrossRef]

26. Noh JW, Kim JJ, Hyon JY, Chung ES, Chung TY, Yi K, et al.
Stemness characteristics of human corneal endothelial cells
cultured in various media. Eye Contact Lens 2015;41:190-6.
[CrossRef]

27. Pushchina EV, Varaksin AA, Obukhov DK, Prudnikov IM. GFAP

28.

29.

30.

31.

32,

33.

34.

35.

36.

European Eye Research

expression in the optic nerve and increased H2S generation
in the integration centers of the rainbow trout (Oncorhynchus
mykiss) brain after unilateral eye injury. Neural Regen Res
2020;15:1867-86. [CrossRef]

Chaudhary P, Stowell C, Reynaud J, Gardiner SK, Yang H,
Williams G, et al. Optic nerve head myelin-related protein,
GFAP, and IBA1 alterations in non-human primates with early
to moderate experimental glaucoma. Invest Ophthalmol Vis
Sci 2022;63:9. [CrossRef]

Fakih D, Zhao Z, Nicolle P, Reboussin E, Joubert F, Luzu J,
et al. Chronic dry eye induced corneal hypersensitivity,
neuroinflammatory responses, and synaptic plasticity in
the mouse trigeminal brainstem. J Neuroinflammation
2019;16:268. [CrossRef]

McCulley JP. Chemical injuries of the eye. In: Leibowitz
HM, Waring GO. Corneal Disorders: Clinical Diagnosis and
Management. 2nd ed. Philadelphia: W.B. Saunders; 1998:770-
90.

Smeringaiova |, Reinstein Merjava S, Stranak Z, Studeny
P, Bednar J, Jirsova K. Endothelial wound repair of the
organ-cultured porcine corneas. Curr Eye Res 2018;43:856-65.
[CrossRef]

McLaughlin PJ, Sassani JW, Diaz D, Zagon IS. Elevated opioid
growth factor alters the limbus in type 1 diabetic rats. J
Diabetes Clin Res 2023;5:1-10. [CrossRef]

Della-Morte D, Dave KR, DeFazio RA, Bao YC, Raval AP,
Perez-Pinzon MA. Resveratrol pretreatment protects rat brain
from cerebral ischemic damage via a sirtuin 1-uncoupling
protein 2 pathway. Neuroscience 2009;159:993-1002.
[CrossRef]

Mudd G, Makela J, Di Liberto V, Tselykh TV, Olivieri M,
Piepponen P, et al. Transgenic expression and activation of
PGC-1a protect dopaminergic neurons in the MPTP mouse
model of Parkinson’s disease. Cell Mol Life Sci 2012;69:1153-
65. [CrossRef]

Liu XQ, Wu BJ, Pan WH, Zhang XM, Liu JH, Chen MM, et al.
Resveratrol mitigates rat retinal ischemic injury: the roles of
matrix metalloproteinase-9, inducible nitric oxide, and heme
oxygenase-1. J Ocul Pharmacol Ther 2013;29:33-40. [CrossRef]
Pirhan D, Yuksel N, Emre E, Cengiz A, Kirsat Yildiz D. Riluzole-
and resveratrol-induced delay of retinal ganglion cell death in
an experimental model of glaucoma. Curr Eye Res 2016;41:59—
69. [CrossRef]



