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Purpose: Ultraviolet B (UVB) irradiation activates
nuclear factor-kappa B (NF-xB), COX-2 , Fas and MMP-
9 in the cornea, resulting in inflammatory responses
and polymorphonuclear leukocytes (PMN) accumulation
in the corneal stroma. This study aims to determine
the effect of ginkgo biloba leaf extract (Gk), a
potent ocular surfaces inflammation modulators, on
UVB-induced corneal damages in a mouse model.

Methods: ICR mice were randomly divided into five
groups. The mice were anaesthetized with their ocular
surfaces exposed to UVB light (0.72]J/cm2/daily),
followed by daily treatment with ginkgo biloba leaf
extract (Gk) at 0 mg/kg, 0.4 mg/kg, 2 mg/kg and 10



mg/kg of body weight. Mice without Gk supplements
were used as treatment controls and mice without UVB
irradiation as blank controls. Corneal surface
damages were graded according to smoothness, opacity,
and the extent of lissamine green staining.
Histopathological changes were also examined, along
with the expression of NF-x B-pbb, COX-2, and MMP-9.
PMN accumulation and the expression of CK-5, P63 and
Fas protein were also examined.

Results: UVB irradiation caused significant damages
to cornea, including sustained inflammation, apparent
corneal ulcer, and severe epithelial exfoliation,
leading to thinning of corneal epithelial layer and
infiltration of polymorphonuclear leukocytes (PMN).
NF- k B-pb5 expression was highly activated with
nuclear translocation. The expression of COX-2 and
Fas were increased. MMP-9 positive cells accumulation
was also increased in the stroma. With dietary ginkgo
biloba leaf extract (Gk), corneal damages were
ameliorated in a dose-dependent manner. NF-x B-p6b5
activation and its nuclear translocation were blocked
with decreased expression of COX-2 and Fas.
Infiltration of polymorphonuclear leukocytes (PMN)
was also blocked by dietary ginkgo biloba leaf
extract prior to UVB irradiation. Besides, MMP-9
positive cells accumulation was reduced in the stroma
with concomitant in a dose-dependent manner.

Conclusions: Results of this study suggest that
ginkgo biloba leaf extract (Gk) may be used as a
prophylactic agent against UVB-induced
photokeratitis.

Ginkgo Biloba extract, vision protection, vision
degenerative diseases
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Ginkgo biloba extract (GK) protects against UVB-induced corneal damages

The effects of UVB exposure on the cornea surface were first examined. Damages on
the corneal smoothness were seen in the UVB group, but not in the blank control group. As
an indication for damages to the corneal smoothness, the light circle seen on the corneal
surface became irregular after exposure to UVB (Fig. 2), in contrast to the regular circle seen
in the control group (Fig. 2). With Ginkgo biloba extract (GK) intake, the irregularity was
significantly ameliorated, particularly in the UVB/GK (2 mg/kg) group and UVB/GK (10
mg/kg) group (Fig. 2). Quantitative analysis showed that the mean scores of corneal
smoothness were significantly reduced in the UVB/GK (2 mg/kg) group (p<0.001) and the
UVB/GK (10 mg/kg) group (p<0.001) as compared with that in the UVB group (Fig. 2).
Besides, Ginkgo biloba extract (GK) intake helped to reduce the opacity in the cornea after
UVB exposure (Fig. 2). As shown in negative images, a broad area of opacity was routinely

seen in the eye from the UVB group (Fig. 2), which was not found in the blank control group



(Fig. 2), and Ginkgo biloba extract (GK) helped to reduce cornea opacity after UVB
exposure, particularly in the UVB/GK (2 mg/kg) group and UVB/GK (10 mg/kg) group. The
reduction of corneal opacity was also demonstrated by quantitative analysis (Fig. 2). Another
way to characterize the UVB-induced damages on the corneal surface was to detect the
devitalized epithelial areas after lissamine green staining. With UVB exposure, a large patch
of blue stain could be seen, as represented by Fig in Result 2. In contrast, no blue devitalized
epithelial area was found in the eyes from the blank control group (Fig. 2). Evident reduction
of blue stain area was found after Ginkgo biloba extract (GK) intake, particularly in their
corresponding negative images. Quantitatively, significant reduction of lissamine green
staining areas was also demonstrated in the UVB/GK (2 mg/kg) and the UVB/GK (10 mg/kg)
groups, when compared with the UVB group (Fig. 2).

Reduction of UVB-induced polymorphonuclear leukocyte infiltration and MMP-9
expression by Ginkgo biloba extract (GK)

To further characterize the protective effects of Ginkgo biloba extract (GK) against
UVB-induced corneal damages, histological analysis was performed. The results showed
significant thinner corneal epithelial layer with UVB exposure (Fig.3-A) than without UVB
exposure (Fig. 3-A). The epithelial cells generally exhibited some vacuoles after UVB
exposure, indicating occurrence of cell death. Ginkgo biloba extract (GK) helped to prevent
the reduction of corneal epithelial thickness. When compared with those in the UVB group
and UVB/DMSO-PEG400 group (Fig. 3-A), the tissue sections from the eyes of the
UVB/GK (0.4 mg/kg), UVB/GK (2 mg/kg) and UVB/GK (10 mg/kg) groups were found to
have thicker epithelial layer in the central cornea. After UVB irradiation, the corneal stroma
was extensively infiltrated by polymorphonuclear (PMN) leukocytes in the UVB group and
UVB/DMSO-PEG400 group (Fig. 3-A). In contrast, significant reduction of PMN leukocyte
infiltration was observed with dietary Ginkgo biloba extract (GK) intake at 2 mg/kg or at 10
mg/kg of body weight (Fig. 3-A). Quantitative analysis confirmed such reduction. The
number of infiltrative PMN leukocytes was significantly reduced in the UVB/GK (0.4 mg/kg)
group (p<0.001), UVB/GK (2 mg/kg) group (p<0.001) and the UVB/GK (10 mg/kg) group
(p<0.001) as compared with that in the UVB group and UVB/DMSO-PEG400 group (Fig.
3-D).

Significant increase of MMP-9+ polymorphonuclear leukocytes (PMN) in the cornea of
the UVB group and the UVB/DMSO-PEG400 group was detected as compared to that of the
blank control group (Fig. 4-A). The accumulation of MMP-9+ polymorphonuclear
leukocytes (PMN) in the corneal stroma as reflected by immunohistochemical analysis was
attenuated in a dose-related manner with Ginkgo biloba extract (GK) intake (Fig. 4-A).
Quantitative analysis confirmed such reduction. The number of infiltrative MMP-9+ PMN
leukocytes was significantly reduced in the UVB/GK (2 mg/kg) group (p<0.001) and the
UVB/GK (10 mg/kg) group (p<0.001) as compared with that in the UVB group and
UVB/DMSO-PEG400 group (Fig. 4-B).



Ginkgo biloba extract (GK) helps to maintain P63+ corneal basal cells with inhibition of

UVB-induced proinflammatory factors and Fas protein

UVB irradiation is the most critical factor in the pathogenesis of photokeratitis, since
most of its energy is absorbed by the cornea [15-18].When eyes are excessively exposed to
UVB, the oxidative stresses will be induced to a phototoxic level, leading to activation of
inflammatory factors such as NF-kB and COX-2 Excessive UVB exposure also poses a risk
to the conjunctival goblet cells. Therefore, shields to protect from UVB irradiation have to be

used to minimize UVB exposure.

To further understand the protective effects of Ginkgo biloba extract (GK), we examined
P63+ corneal basal cells to see whether the corneal repair capacity had been maintained.
Decreased P63+ basal cell density was seen in the cornea exposed to UVB in the UVB group
and the UVB/DMSO-PEG400 group (Fig. 5-A); in contrast to the normal distribution of
P63+ basal cells in the blank control cornea. With Ginkgo biloba extract (GK) at 2 mg/kg and
10 mg/kg of body weight, the density of P63+ cells was close to that of the blank control
group (Fig. 5-A). Quantitatively, the mean P63+ cell number was significantly increased in
the UVB/GK (2 mg/kg) group and in the UVB/GK (10 mg/kg) group as compared with that
in the UVB group and the UVB/DMSO-PEG400 group (Fig. 5-A). Besides,
immunohistochemical staining was performed to examine the expression of two
proinflammatory factors, NF-kB-p65 and COX-2, and the cell death regulator protein, the
Fas protein to further explain the protective effects of Ginkgo biloba extract (GK). High level
of NF-kB-p65, COX-2 and Fas (Fig. 5-B) expression was seen in the cornea exposed to UVB
in the UVB group and the UVB/DMSO-PEG400 group, which was not observed in the blank
group (Fig. 5-B). The expression of NF-kB-p65, COX-2 and Fas protein was attenuated in a
dose-related manner with Ginkgo biloba extract (GK) intake (Fig. 5-B).

Ginkgo biloba extract (GK) maintains conjunctival goblet cell density under the

influence of UVB Exposure

The conjunctival epithelium was examined before and after UVB irradiation, and its
status with or without Ginkgo biloba extract (GK) treatment was compared. In the control
group, the conjunctival surface consists of a cuboidal basal cell covered by two layers of
epithelial cells flattened toward the free surface and not cornified. To confirm the protective
effect of dietary a-LA on conjunctiva, the conjunctival goblet cell density was examined after
PAS staining (Fig.6-A). The results showed that UVB irradiation caused degeneration of
PAS-positive goblet cells. The number of goblet cells in the fornix conjunctiva was
significantly lower in the UVB group and the UVB/DMSO-PEG400 group (Fig. 6-A) than
that in the control group (Fig.6-A). When Ginkgo biloba extract (GK) treatment was given at
2 mg/kg or at 10 mg/kg of body weight after UVB exposure, the number of conjunctiva
goblet cells was higher maintained (n = 5), respectively. Quantitative analysis showed that (1)
the number of conjunctiva goblet cells was significantly maintained in the groups of
UVB/GK (2 mg/kg) and UVB/GK (10 mg/kg); as compared with that of the UVB group and



the UVB/DMSO-PEG400 group. (2) The size of conjunctiva goblet cells was also
significantly maintained in the groups of UVB/GK (2 mg/kg) and UVB/GK (10 mg/kg). (Fig.
6-B)

We conclude that dietary Ginkgo biloba extract (GK), given sufficient dose, is effective
to protect against UVB-induced photokeratitis and subsequent corneal and conjunctival
degeneration, probably through multiple mechanisms other than anti-oxidative stresses.
Given that Ginkgo biloba extract (GK) has been used for years as a dietary supplement for
other purposes, the extra beneficial effects against UVB-induced ocular surface damages may
be considered [10].

[Figure-1] Experimental groups and study design.
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[Figure-2] Corneal surface evaluation among the experimental groups. The corneal
smoothness (A-F), corneal topography (G-L), corneal opacity (M-R), and lissamine green
staining (S-X) among the five study groups were assessed. Quantitative analysis of the
corneal smoothness, corneal topography, opacity, and lissamine green staining among these
study groups. After UVB irradiation in the UVB groups and the UVB/DMSO-PEG400
groups, showed disordered corneal smoothness and corneal topography, more corneal opacity
degeneration, and more staining. The results showed that all the scores of corneal smoothness,
corneal opacity, corneal opacity, and fluorescein staining were reduced by Ginkgo biloba
extract (GK) in a dose-related manner. The results showed that the scores were more
significant reduced in the groups with Ginkgo biloba extract (GK) at 2mg/kg and 10mg/kg.
All p values were determined by the Kruskal Wallis test as compared to the UVB group.
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[Figure-3] UVB-induce reduction of central corneal epithelial thickness. (A)
Hematoxylin-Eosin (HE) staining showed disordered stroma, thinner epithelium layer, more
apoptotic vacuoles in the epithelium layer, more infiltration of polymorphonuclear leukocytes
(PMN) after UVB irradiation in the UVB groups and the UVB/DMSO-PEG400 groups.
These UVB-induced effects were reduced by Ginkgo biloba extract (GK) in a dose-related
manner. (B) Quantitative analysis of central corneal epithelial thickness. (C) Quantitative
analysis of corneal stroma thickness. (D) Quantitative analysis of infiltration of
polymorphonuclear leukocytes (PMN). The p values were determined by the
Wilcoxon-Mann-Whitney test as compared to each group.
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[Figure-4] Ginkgo biloba extract (GK) helps to inhibit UVB-induced infiltration of
polymorphonuclear leukocytes in the cornea. Immunohistochemical analysis showed more
infiltration of MMP-9+ polymorphonuclear leukocytes (PMN) in the corneal stroma after
UVB irradiation in the UVB groups and the UVB/DMSO-PEG400 groups. (A) These
UVB-induced effects were reduced by Ginkgo biloba extract (GK) in a dose-related manner.
Staining analyses revealed the protective effects in corneal thickness and reduction of
MMP-9+ polymorphonuclear leukocytes (PMN) in the groups with Ginkgo biloba extract
(GK) at 0.4mg/kg, 2mg/kg and 10mg/kg. (B) Quantitative analysis of infiltration of MMP-9+
polymorphonuclear leukocytes (PMN). The p values were determined by the
Wilcoxon-Mann-Whitney test as compared to each group.
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[Figure-5] Ginkgo biloba extract (GK) helps to maintain P63+ corneal basal cells, maintain
CK5+ corneal cells, maintain PCNA+ corneal cells and inhibit UVB-induced
proinflammatory factor and cell death protein expression. In (A), immunohistochemical
analysis showed severe loss of P63+ basal cells, loss of CK-5+ corneal cells, and loss of
PCNA+ corneal cells after UVB irradiation in the UVB groups and the
UVB/DMSO-PEG400 groups. These UVB-induced effects were reduced by Ginkgo biloba
extract (GK) in a dose-related manner. In (B), immunohistochemical analysis showed
increased expression of NF- £ B, COX-2 and Fas protein after UVB irradiation in the UVB
groups and the UVB/DMSO-PEG400 groups. These UVB-induced effects were reduced by
Ginkgo biloba extract (GK) in a dose-related manner. In (C), quantitative analysis of P63+
basal cells in the corneal epithelium among the study groups. Ginkgo biloba extract (GK)
helped to maintain P63+ basal cells after UVB exposure in a dose-related manner. The p
values were determined by the Wilcoxon-Mann-Whitney test as compared to each group.
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[Figure-6] Ginkgo biloba extract (GK) maintains conjunctival goblet cell density under the
influence of UVB exposure In (A), typical squamous metaplasia was found in the fornix
conjunctiva after UVB irradiation, which was prevented by Ginkgo biloba extract (GK).
Conjunctival goblet cells as indicated by the pink PAS positive stain were significantly
reduced in the UVB group, but were maintained by Ginkgo biloba extract (GK) in a
dose-related manner even after UVB irradiation. In (B), quantitative analysis of goblet cell
density among the study groups (n=5). The p values were determined by the
Wilcoxon-Mann-Whitney test as compared to the UVB group.
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Study groups, ultraviolet B irradiation, and Ginkgo biloba extract (GK) treatment: The mice
were randomly split into 6 groups, including (1) Blank control (no UVB exposure, no a-LA
treatment), (2) UVB (exposure to UVB, no GK treatment), (3) UVB/ UVB/DMSO-PEG400
(exposure to UVB, no GK treatment, with DMSO-PEG400 treatment),(4) UVB/ GK
(0.4mg/kg) (exposure to UVB with GK treatment at 0.4 mg/kg body weight), (5) UVB/ GK
(2mg/kg) (exposure to UVB with GK treatment at 2 mg/kg body weight), and (6) UVB/ GK
(10 mg/kg) (exposure to UVB with GK treatment at 10 mg/kg body weight). To expose the
corneas to UVB irradiation, the mice were anaesthetized with, with both of their eyes
exposed to daily UVB light (CN-6, Vilber Lourmat, Germany) in a darkroom. Each daily
UVB exposure was performed to reach a total amount of 0.72 J/cm2 within 10 min, with the
entire UVB exposure course completed in a consecutive 7-day period. The peak wavelength
of UVB light was 312 nm. For the groups with GK treatments, starting from day 0 (one day
before UVB exposure) and terminated on day 7. The mouse body weight was readily
maintained between 25 g — 27 g during the 8 day-period of experiment. All mice were
sacrificed on day 8 for analysis. All experiment protocols were reviewed and approved by the
Animal Care and Use Committee of Chung Shan Medical University and were performed in
agreement with the Association for Research in Vision and Ophthalmology (ARVO)

Resolution on the Use of Animals in Research [6-10].
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(a) Corneal smoothness scores - Based on the digital images, the corneal smoothness scores
were determined by using a 5-point scale based on the number of distorted quadrants in the
reflected ring: 0, no distortion; 1, distortion in 1 quadrant of the ring (3 clock hours); 2,
distortion in 2 quadrants (6 clock hours); 3, distortion in 3 quadrants (9 clock hours); 4,
distortion in all 4 quadrants (12 clock hours); and 5, severe distortion, in which no ring could

be recognized.



(b) Corneal opacity scores : images were taken and graded from 0 (normal) to 4 (severe) in all
corneas through a stereoscopic zoom microscope (SMZ 1500; Nikon). An opacity lesion
score system was used: 0, normal cornea; 0.5, mild haze only under dissection microscope; 1,
mild haze; 2, moderate haze with visible iris; 3, severe haze with invisible iris; 4, severe haze

with corneal ulceration.

(c) Staining scores were determined according to a grading system based on area of stain in
the cornea. The total area of punctuate staining was designated as grade 0; grade 1, less than
25% of cornea stained with scattered punctuate staining; grade 2, 25%-50% of cornea
stained with diffuse punctuate staining; grade 3, 50%—75% of cornea stained with punctuate
staining and apparent epithelial defects; grade 4, more than 75% of cornea stained with

abundant punctuate staining and large epithelial defects.

(3) Statistical analysis:

All data were obtained from triple repeats and are presented as the means =+ standard error of
the means (SEMs) and were compared among groups. Corneal smoothness scores » Corneal
opacity scores ~ Staining scores ~ the retinal thickness and the means of labeled retinal cells
were compared and analyzed by Mann Whitney test. All statistical analyses were performed
by using the Prism program (GraphPad Software, San Diego, CA, USA). [6-10]

(4) Histopathological analysis and immunohistochemistry:

Following assessment of corneal damages, the mice were sacrificed by cervical dislocation.
One of the two eyes from each mouse was randomly selected and extracted. The extracted
eyes, including the eye lids, were processed for Hematoxylin-Eosin (HE) stain following
conventional procedures.10, 31-33 For immunohistochemistry, the tissue sections were
boiled in citrate buffer (pH 6.0) for 20 min for antigen retrieval and then incubated
respectively with one of the following antibodies: mouse anti-P63 (1/50, cat. no. sc-8431;
Santa Cruz Biotechnology, Santa Cruz, CA. USA), or rabbit anti-NF-kB-p65 (1/200, cat. no.
E379; Epitomics, PA. USA), or rabbit anti-COX-2 (1/100, cat. no. ab15191; Abcam, PA.
USA), or rabbit anti-Fas antibody (1/100, Abcam, PA. USA) or rabbit anti-MMP9 (1/100, cat.
no. ab38898; Abcam, Cambridge, MA. USA) The preparations were then incubated with a
horseradish peroxidase-conjugated secondary antibody (1/200), either anti-mouse or
anti-rabbit IgG (Jackson ImmunoResearch Laboratories, Inc., PA. USA), followed by washes
and incubation in diaminobenzidine tetrahydrochloride solution for color detection, and

counterstain with hematoxylin [8].

(5) Goblet Cell Density assay:

Periodic acid-Schiff (PAS) stain was performed to evaluate conjunctival epithelial
morphology and the number of goblet cells in the inferior conjunctiva was counted. The
counting of goblet cells was performed under a microscope (ECLIPSE E100; Nikon,
Melville, NY), with a 20x objective. Five different sections were randomly selected for

counting and an average was calculated. All scorings were performed by 2 observers without



prior knowledge of the UVB exposure and study groups [8].
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