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neuroprotective effect on retinal ganglion cells in a rat model of

chronic glaucoma
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Abstract

Purpose. To investigate the effect of Ginkgo biloba extract
(EGb 761) against neurotoxicity of retinal ganglion cells of rats
with chronic moderately elevated intraocular pressure (IOP).

Methods. Unilateral chronic moderately elevated IOP was pro-
duced in rats by cautery of three episcleral vessels. Secondary
degeneration was measured with and without EGb 761 for 5
months. At 5 months, retinal ganglion cells were labeled with
a fast blue tracer applied to both superior colliculi. Densities
of surviving retinal ganglion cells were estimated by counting
fast blue labeled cells in whole mounted retinas.

Results. When compared with their contralateral control
eyes with normal IOP, in the peripheral retina, retinal gan-
glion cell loss in eyes with chronic, moderately elevated IOP
was 29.8 £ 1.5% (n = 5) at 5 months in untreated animals
and 4.6 + 4.5% (n = 5) at 5 months in treated animals with
EGDb 761.

Conclusions. Pretreatment and early posttreatment with EGb
761 is an effective neuroprotectant in a rat model of chronic
glaucoma.

Keywords: ganglion cell; glaucoma; glaucoma pharmacol-
ogy; intraocular pressure; nitric oxide

Introduction

In Germany and France, Ginkgo biloba extract EGb 761 is
one of the most commonly prescribed drugs and is especially
used for ameliorating peripheral vascular diseases such as

intermittent claudication and cerebral insufficiency.! EGb
761 has been reported to prevent ischemic-induced oxida-
tion,> improve cerebral blood flow* and antagonize the
action of platelet-activating factor.” EGb 761 is a standard-
ized mixture of active substances, including 24% flavonoid
glycosides and 6% terpenoids,® obtained from green leaves
of the G. biloba tree. EGb 761 is a polyvalent agent capable
of scavenging free radicals such as nitric oxide (NO),™®
reducing Ca**-stimulated intracellular signal transduction
events,”'” and modulating intacellular signal transduction
events, including those involving phospholipases A and C'!
and PKC." All of these signal transduction molecules are
likely involved in neurodegenerative diseases.'

NO is an important mediator with diverse physiological
roles and certain pathologic roles in various tissues, includ-
ing the central nervous system (CNS) and the eye.'* '® In the
CNS, NO has been implicated in neurodegenerative diseases
such as stroke, Alzheimer disease, multiple sclerosis, and
amyotrophic lateral sclerosis. In animal models of neurode-
generation, NO can be both neuroprotective and neurode-
structive. More recently, it has been hypothesized that
glaucoma could be due to neurotoxic effects of NO at the
optic nerve head and retina which results in optic nerve head
degeneration and visual field loss.'”?* We previously demon-
strated that NO modulated retinal ganglion cell N-type Ca
channels by facilitating their voltage dependent activation via
a mechanism involving guanylyl cyclase/PKG dependent
phosphorylation.?'

Glaucoma, one of the world’s leading causes of blindness,
is characterized by progressive optic nerve damage with
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selective loss of retinal ganglion cells.”>** Since it has been
reported that EGb 761 is able to dose-dependently inhibit
synthesis of NO through inhibition of inducible NO synthase
(NOS),* we investigated the possible effects of EGb 761 in
a rat model of glaucoma in which there is chronic, moder-
ately elevated intraocular pressure (IOP) and a slow, pro-
gressive loss of retinal ganglion cells.

Materials and methods
Rat model of chronic, moderately elevated IOP

Adult, female Sprague-Dawley rats (SLC, Hamamatsu,
Japan) weighing approximately 200g at the beginning
of the experiment were used. Animals were fed ad
libitum and maintained in temperature-controlled rooms.
Experiments were carried out in accordance with the
Association for Research in Vision and Ophthalmology
Statement. All surgical procedures were performed under
general anesthesia by using Nembutal (40-50mg/kg),
given i.p.

Chronic, moderately elevated IOP was produced unilater-
ally in 10 rates by cautery of three episcleral vessels;” the
contralateral eye served as the comparative control. To
perform the cautery, sutures were placed in the lids to keep
the eye open and in the bulbar conjunctiva to manipulate
the glove. Three of the four to five major trunks formed by
limbal-derived veins were exposed at the equator of the eye
by incising the conjunctiva. Each vessel was lifted with small
muscle hook and cauterized by direct application of an oph-
thalmic cautery (Tagawa, Tokyo, Japan) against the muscle
hook. Immediate retraction and absence of bleeding of
the cauterized end of the vessels were noted as successful
cauterization. Eyes were treated topically with levofloxacin
(Santen, Osaka, Japan) for a few days after the surgery to
prevent infection.

EGDb 761 and measurements taken during treatment

One group of five animals was treated with EGb 761 (a gift
from Japan Green Wave, Tokyo, Japan) in the drinking water
for 5 months; a second group of five animals was untreated.
At the time of cauterization, the rats were divided randomly
into two groups (drug-treated and untreated). 100 mg/kg per
day EGb 761 was dissolved in their drinking water, which
was made up and provided fresh twice per week. The control
group was not treated but received fresh drinking water, from
the same source, on the same schedule. Once a month, the
IOP measurements were made using a handheld electronic
tonometer (TonoPen XL; Bio-Rad, Glendale, CA). On all
given eyes, three to five tonometer readings were taken and
averaged. On a given day, mean = SD was derived for all
control and surgical eyes. Significant differences between
surgical and control eyes were determined by 1-way
analysis-of variance (ANOVA) for each day on which mea-
surements were performed.

Retrograde labeling of retinal ganglion cells

Five days before sacrifice, fast blue (Polysciences Inc.,
Warrington, PA) was injected bilaterally into the superior
colliculi of anesthetized rats.?® Five days after fast blue appli-
cation, animals were sacrificed by overdose of Nembutal and
whole, flat-mounted retinas were assayed for retinal ganglion
cell density. Rat eyes were enucleated and fixed in 4%
paraformaldehyde for 1 hour. Eyes were bisected at the
equator, the lens was removed, and the posterior segments
were prepared for flat mounts. Retinas were dissected
from the underlying sclera, flattened by six radial cuts, and
mounted vitreal side up on gelatin-coated slides.

Labeled retinal ganglion cells were counted by using
fluorescence microscopy. Noting the retinal topography, six
fields in regional areas, approximately 4.0 (peripheral) mm
from the optic disc, were counted. Cell counts were con-
ducted by the same investigator in a masked fashion; the
identity of the retinas that led to the micrographs was
unknown until cell counts from different groups were
complete. Changes in retinal ganglion cell densities were
expressed as the percent loss of retinal ganglion cells com-
paring surgical and contralateral, control eyes from the same
animal in the different retinal regions. All statistical data are
presented as means + SD, and analyzed using an independent
Student’s ¢ test where appropriate. Statistical significance was
considered with p < 0.05.

Results
Relationship between EGb 761 and IOP

There was no significant difference in the consumed volumes
of water of the two groups. On a per day basis, the group that
was not treated pharmacologically drank 23.4 + 1.8 ml/day
(n = 5), whereas the group that was treated with EGb 761
drank 22.6 = 1.4ml/day (n=5) (p =0.71). Given this volume
of drinking, we calculate that the treated group received
30mg EGb 761 per day.

Figure 1 shows that IOP was elevated in all eyes for 5
months after receiving three-vessel cautery compared with
the contralateral, control eyes. Comparing animals that were
not treated pharmacologically with animals treated with EGb
761, the elevated IOPs in the three vessel cautery eyes were
similar. The IOPs in the contralateral eyes of two groups were
also similar. Thus, EGb 761 did not effect IOP. Our success
rate was five out of ten animals. Animals, in which elevated
IOP were not maintained for more than 4 weeks, were
excluded from the subjects.

Relation between EGb 761 protection and RGC
distribution in the retina

In retinas, the only cells that appeared to be labeled with fast
blue were retinal ganglion cells. These were identified by the
typical punctate fluorescence present in the somata as well
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as within the initial segments of primary dendritic processes
(Fig. 2). All quadrants of all retinas were successfully
labeled.

Figure 3 shows the loss of retinal ganglion cells by com-
paring the eye with elevated IOP to the contralateral, control
eye in animals not treated pharmacologically and in animals
treated with EGb 761. In the peripheral retina, retinal gan-
glion cell loss in eyes with chronic, moderately elevated IOP
was 29.8 £ 1.5% (n = 5) at 5 months in untreated animals
and 4.6 £ 4.5% (n = 5) at 5 months in treated animals with
EGb 761 (Fig. 3B) (p < 0.05). The number of surviving
retinal ganglion cells per square millimeter was 1482 + 85 in
untreated animals and 2021 + 214 in treated animals with
EGD 761 (Fig. 3A). The loss of retinal ganglion cells in eyes
with chronic, moderately elevated IOP of animals treated
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Figure 1. Moderately elevated IOP in rat eyes that had three epis-
cleral vessels cauterized, unilaterally (Operated), vs. the opposite
eye (Control). IOP was measured on anesthetized animals with a
tonopen. In one group (n = 5), EGb 761 was added to the drinking
water. In the control group (n = 5), nothing was added to the drink-
ing water. Throughout the 5-month follow-up, IOP was elevated in
all Operated eyes compared with Control eyes (p < 0.05). Elevated
IOP was not different in the group treated with EGb 761 vs. the
group not treated EGb 761.

with EGb 761 was not significantly different to that in normal
eyes (p = 0.33).

Discussion

The present study indicates that EGb 761, acting principally
via its flavonoid constituents, is able to protect retinal gan-
glion cells. Bastianetto ef al. recently reported that EGb 761
protected and rescued hipocampal neuronal cells against NO-
induced toxicity.” NO is a highly diffusible gas, synthesized
from L-arginine by the enzyme NOS. The three major iso-
forms of NOS contain a carboxy-terminal reductase and an
amino-terminal oxygenase domain.”’

The actions of NO in the retina are still only partially
understood. A low concentration of NO may play a
protective role in glutamate neurotoxicity by closing the
NMDA -receptor-gated ion channel.®® However, elevated con-
centrations of NO, interacting with oxygen radicals, become
toxic and mediate glutamate-induced neurotoxicity in the
cultured retinal neurons.?® In addition, the most consistent
action of NO on many cell types is to stimulate the produc-
tion of cGMP. We have previously shown that NO is trans-
duced by a soluble guanylate cyclase to produce an increase
in ¢cGMP that in turn acts via cGMP-dependent protein
kinase to enhance Ca channel activity.!

NOS-2 is the inducible form of the enzyme and is not
usually found in cells under normal conditions. Nitric oxide
synthesized by NOS-2 is implicated in neurodegeneration in
several human diseases” and may drive progressive neu-
ropathy such as glaucoma.*® Recent work on acute retinal
ischemia in rats has demonstrated that NOS-2 participates in
retinal destruction.’’ Clusters of NOS-2-positive cells have
been found in human glaucomatous optic nerve heads.*
Shareef et al. recently reported that NOS-2 appeared in
astrocytes in the optic nerve heads with chronic, moderately
elevated IOP*

Figure 2. Retrogradely labelled retinas with normal IOP and chronic, moderately elevated IOP, with and without treatment with EGb 761
for 5 months. A: Control; B: EGb 761-treated; C: vehicle-treated. Scale bar: 30 m.
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Figure 3. Retinal ganglion cells lost at 5 months in rat eyes with
chronic, moderately elevated IOP. Ganglion cell density in retinas
with chronic, moderately elevated IOP. Retinal ganglion cells
(RGC) were counted in the peripheral retina, approximately 4.0 mm
from the optic disc. The graph depicts the mean + SD of five animals
treated with EGb 761 and five animals treated with vehicle. A sig-
nificant difference between retinal ganglion cell densities in eyes
with elevated IOP that were treated with EGb 761 and vehicle was
evident (p = 0.0007). A: Density; B: % Lost.

EGD 761 contains two major groups of active substances
namely flavonoids (24%), which are nearly exclusively
flavonol-O-glycosides, and terpenoids (6%), including
ginkgolides and bilobalides.** It has been suggested that the
combined activity and a certain interdependency of several
active constituents of the extract are responsible for its ben-
eficial effects.” Since Bastianetto et al. recently reported that
the flavonoid fraction (CP 205) strongly inhibited both the
toxicity and the free radical accumulation induced by SNP
(sodium nitroprusside) and/or SIN-1 (3-morpholinosydnon-
imine),* it is most likely that the protective and rescuing
effects of EGb 761 against NO-induced toxicity are attribut-
able to its flavonoid constituents.

The doses used in the present study were chosen accord-
ing to other studies showing that doses of EGb 761 between
50 and 100mg/kg chronically administered produce inhibi-
tion of brain monoamine oxidase in the mouse,”’ protecting
effect on ischemia-reperfusion damage in the rat retina.*®

In glaucoma treatment, patients often experience progres-
sion of disease, even after maximum reduction of IOP. Also,

in patients with normal-tension glaucoma, we cannot entirely
depend on IOP reduction, because substantial further reduc-
tion of IOP is often difficult. As we know that the final
common pathway of glaucoma is retinal ganglion cell death,
an approach to protect retinal ganglion cells can widen the
field of glaucoma treatment. In summary, the results of the
present study suggest that EGb 761 is able to protect and
rescue rat retinal ganglion cells in a rat model of chronic
glaucoma. These results demonstrate that pharmacological
neuroprotection, using EGb 761, may be a viable approach
to treat glaucoma. This approach may be effective with or
without a pharmacological agent to lower IOP. However,
further studies using other models of optic nerve damage
should be conducted to confirm the neuroprotective effect of
EGb 761.
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