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Prevention of Visual Field

Defect Progression With
Angiotensin-Converting Enzyme
Inhibitor in Eyes With Normal-tension
Glaucoma

Kazuyuki Hirooka, MD, Tetsuya Baba, MD,
Takashi Fujimura, MD, and Fumio Shiraga, MD

PURPOSE: To report the effect of angiotensin-converting
enzyme (ACE) inhibitor on visual field changes in nor-
mal-tension glaucoma (NTG).

DESIGN: Retrospective observational case series.
METHODS: We retrospectively reviewed a total of 38
patients with NTG. Control subjects had no previous
history of hypertension. NTG hypertension patients
were divided into two groups, those receiving ACE
inhibitor and those receiving other antihypertensive drug
treatments. HfaFiles 5, an analytical program for the
Humphrey Field Analyzer, was used to calculate the
slope for the mean deviation (MD) change per year.
RESULTS: In the ACE inhibitor-treated group, the mean
MD change per year was 0.48 = 0.19 dB, in control
subjects was —0.38 * 0.23 dB, and in the other antihy-
pertensive drug-treated group was —0.50 *= 0.39 dB.
CONCLUSIONS: Although the present study is retrospec-
tive and the sample size is small, ACE inhibitor might
have a favorable effect on the visual field in patients with
NTG in this small study. (Am ] Ophthalmol 2006;
142:523-525. © 2006 by Elsevier Inc. All rights re-

served.)
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NGIOTENSIN-CONVERTING ENZYME (ACE) INHIBITORS
have been shown to lower intraocular pressure (IOP)
in patients with ocular hypertension or primary open-angle
glaucoma.! Additionally, ACE inhibitors may have a
protective role against some diseases such as diabetic
retinopathy? and the development of Alzheimer’s disease.’
Thus, we evaluated the effect of ACE inhibitors on visual
field defects that occur in normal-tension glaucoma (NTG).
We retrospectively reviewed data for 63 patients who
had been previously diagnosed with NTG at Kagawa
University Hospital. A diagnosis of NTG was made if
patients had any of the following conditions: glaucoma-
rous optic disk abnormalities and corresponding glauco-
matous visual field defects, normal open angle, and IOP
(measured using Goldmann applanation tonometry) of
21 mm Hg or lower without medication. Of these 63
patients, 38 patients met the following selection crite-
ria: follow-up periods that were longer than three years;
visual acuity equal to or better than 20/40; and reliable
perimetric examination with the Humphrey Field Analyzer
(Humphrey Instruments, Inc, San Leandro, California,
USA) (<20% fixation loss and <33% false-positive or
false-negative answers). Patients with a history of sudden
visual loss, hemodynamic crisis, any intraocular surgery, or
development of clinically significant cataract during fol-
low-up were excluded. All patients had no previous history
of surgery or laser. We divided the NTG patients into
three groups: (1) no previous history of hypertension
(control); (2) hypertensive patients treated with ACE
inhibitor; and (3) hypertensive patients treated with an-
other antihypertensive drug. We saw these patients at least
four times a year. At each visit, the IOP was measured
using a Goldmann applanation tonometer. The visual
fields were examined at least once a year using the central
30 to 2 program of the Humphrey Field Analyzer. The
change over time was evaluated using HfaFiles 5, an
analytical program of the Humphrey Field Analyzer, which
performs a liner regression analysis of the mean deviation
(MD) of the visual fields obtained during the follow-up
period for use in calculating a slope for the MD change per
year.

All statistical data were presented as means &= SEM and
analyzed using analysis of variance (ANOVA) with a
Tukey-Kramer correction. A level of P < .05 was consid-
ered to indicate statistical significance.

Mean MD changes per year were 0.48 = 0.19 dB in the
ACE inhibitor-treated group (n = 12), —0.38 = 0.23 dB
in the control subjects (n = 13), and —0.50 = 0.37 dB in
other antihypertensive drug-treated group (n = 13) (P =
.04) (Table 1). In the ACE inhibitor-treated group, MD
changes per year were positive in 10 subjects. Linear
regression analysis revealed no correlation between IOP
and MD change per year (Table 2).

We previously reported that NTG patients were more
sensitive to exogenous bradykinin than normal subjects.*
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: "by ACE {nhrbrtor treated Group,' Another
AntlhypertensweDrug-treated Group, and No Hrstory of Hypertensro (Control) ' :

ACE Inhibitor-treated

Another Antihypertensive

Control Group Drug-treated Group P Value
. B35%22 p98*29 . eB5+31 24
S R s
 Duration of follow-up (mos) - , . 498%30  424x22 . 468x28 A7
' History of diabetes mellrtus (no posrtwe/negatrve) o it Y 211 45
- History of cardiac diseases . - of3 Caml LAY 07
W‘Number of visual field tests performed 8204 56 =02 5502 18
. Antiglaucoma medications {no. receiving/not receiving) 03 A5 10/3 .50
~ Refraction (D) ' —39+15‘ T T 205 0710 S 09
. Visualacuity i S 1101 a0l 1.0 £0.1 75
- Im’ual Systemlc b‘ood pressure (mm Hg) s BEERL e e W20 L=01 ,
- Systolic o 120761  1430%109 1400 %7.2 .26
Diastolic 78.7 4.3 824 x4 6 . 80.9%50 .89
~ 1OP {fnm Hg) Lo , SR
Maximum 17.0 £ 0.5 15.8:0.7 - 17.3+ 0.5 24
. Minimum 11.5%04 11.0+ 0.6 10.9= 0.4 B2
Mean 1 14.0+0.3 132 %06 13803 .42
Initial MD (dB) L -59%05 -50+09 ~50%+09 £9
MD change/year (dB) - ~038%023 0.48 =019 —0.50 = 0.37 04"
. CPSD (dB) 8712 6011 60210 A7

ACE = angrotensm-convemng enzyme, M = male; F = female D = dropter {OP- = intraoccular pressure dB. = decible; MD = mean

devxatlon, CPSD = corrected-pattern standard deviation. E
*Statistically significant at P < .05 level. :

TABLE 2, Lmear Regressron Analysis ‘of Intraocular Pressure and Mean Devra’non Change

per Year '
Linear Regression R? P Value
 Cortrol y=4381-084x 0227 . .10
ACE-treated group y = 1.479 ~ 0.075x 0.048 .82
Anather antrhypertenswe drug—treated group y = —2.817 + 0.162x 0.021 .65

-y = MD change per year, X = IOP !OP = lntraocular pressure, MD = mean deviation; ACE-=

: anglotenswconvertmg enzyme.:

These data suggest that endogenous bradykinin levels may
be lower in NTG patients than in normal subjects.
Long-term treatments with ACE inhibitors have been
shown to increase plasma bradykinin levels.5 Yasuyoshi
and associates® recently reported that bradykinin had a
protective effect on neurotoxicity induced by glutamate
through the bradykinin-B, receptors in cultured retinal
neurons. The lower angiotensin Il levels during ACE
inhibitor treatments may have beneficial effects on the
outcome by lowering vascular superoxide anion produc-
tion.” Therefore, ACE inhibitor might have a favorable
effect on the visual fields in NTG patients. In our study,
there was no relationship between IOP and MD change
per year. This result suggests that visual field loss may not
correlate with IOPs in some patients with NTG.
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In conclusion, although the present study is retrospective
and the sample size is small, the long-term use of ACE in-
hibitors might have a favorable effect on the visual fields in a
subset of patients with NTG. A randomized controlled study
is needed to prove the effect for ACE inhibitors in the preven-
tion of visual field defect progression in patients with NTG.
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Neuroprotective Effects of p-Allose against Retinal

Ischemia—Reperfusion Injury

Kazuyuki Hirooka,' Osamu Miyamoto,” Pan Jinming,®> Yingbua Du,* Toshifumi Itano,?
Tetsuya Baba," Masaaki Tokuda,* and Fumio Shiraga'

Purrose. To investigate the effect of p-allose, a rare sugar,
against ischemia reperfusion injury in the rat retina.

Merops. Retinal ischemia was induced by increasing intraoc-
ular pressure to 130 mm Hg and maintaining that level for 45
minutes. Morphometric studies were performed to study the
effect of p-allose on the histologic changes induced by isch-
emia in the rat retina. Glutamate release from the rat retina and
intravitreal Po, profiles were monitored during and after isch-
emia with a microdialysis biosensor and oxygen-sensitive mi-
croelectrodes. The release of hydrogen peroxide stained with
diaminobenzidine hydrochloride was monitored by an in vitro
retinal ischemia model.

ResuLts. Seven days after the ischemia, significant reductions in
both the number of ganglion cells and the thickness of the
inner plexiform layer were observed. Pretreatment with p-
allose significantly inhibited the ischemic injury of the inner
retina. A large release of glutamate occurred during the isch-
emia. After the recirculation, glutamate levels were increased
again and reached a maximum in approximately 20 minutes.
The increases in extracellular glutamate during and after isch-
emia tend to be suppressed by administration of p-aliose. p-
Allose attenuated the increase in intravitreal Po, during reper-
fusion. After the ischemia, production of hydrogen peroxide
was detected within approximately 30 minutes. p-Allose sup-
pressed the production of hydrogen peroxide.

Concrusions. These results suggest that p-allose may protect
neurons by decreasing extracellular glutamate and attenuating
oxidative stress in ischemic insult. (fnvest Opbtbalmol Vis Sci.
2006;47:1653-1657) DOI:10.1167/i0vs.05-1018

rare aldo-hexose sugar, p-allose, is derived from p-psicose

by microorganisms and their enzymes.’ Rare sugars have
received increasing attention in recent years for a variety of
usages such as low-calorie carbohydrate sweeteners and bulk-
ing agents.® Arnold and Silady® have reported that p-allose
substantially inhibits segmented neutrophil production and
lowers platelet count without other detrimental clinical ef-
fects. Hossain et al.* has recently studied the immunosuppres-
sive effect of p-allose and compared it with that of FK506 on
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the basis of neutrophil count and animal survival in liver trans-
plantation experiments using rats. Their study showed that the
rate of allograft survival was significantly increased with less
tissue damage when low-dose FK506 was administered in com-
bination with p-allose compared with the administration of
each drug separately.* They also performed a series of exper-
iments using hepatic ischemia-reperfusion in a rat model to
evaluate the protective effect of pallose and found that the
ameliorative effect was achieved mainly by reducing the num-
ber of total neutrophils during or after reperfusion.”

Ischemic injury to the retina is a major cause of visual loss
and morbidity. Some studies have demonstrated that oxygen-
derived free radicals generated during ischemia and on reper-
fusion may trigger ischemic cell damage in various organs,
such as the brain, heart, kidney, liver, bowel, and retina.®~® In
the central nervous system, free radicals lead to the hyperse-
cretion of excitatory amino acids, such as glutamate and aspar-
tate,” which bind to receptor sites and augment cellular de-
struction by increasing membrane permeability to calcium and
sodium ions and water.'® Injured neurons release massive
amounts of glutamate, which induce neuronal cell death by
continuous overexcitation of postsynaptic receptors.’®!! In
this way, the initial trauma is amplified and causes the damage
to spread to neighboring cells. During or after ischemia, reac-
tive oxygen species can be produced in large quantity and act
as cytotoxic metabolites.'? The species of primary concern
include superoxide anion (O,77), hydrogen peroxide (H,O0,),
and hydroxyl radical (OH"). It appears that reactive oxygen
species can provoke cell death, either by reacting with cell
components, leading to necrosis, or by activating specific tar-
gets and triggering apoptosis.

The purpose of the present study was to investigate the
mechanism of the protective effects of p-allose on neuronal
death in retinal ischemia.

MarErIAL AND METHODS

Animals

Female Sprague-Dawley rats, weighing 200 to 250 g, were obtained
from Charles River Japan (Yokohama, Japan). Transient retinal isch-
emia was induced for 45 minutes in the right eye of each rat. Rats were
anesthetized by intraperitoneal injection of pentobarbital (40-50 mg/
kg). Animal care and experiments were approved by the standard
guidelines for animal experimentation of the Kagawa University Fac-
ulty of Medicine and adhered to the ARVO Statement for the Use of
Animals in Ophthalmic and Vision Research. p-Allose was administered
at a dose of 50, 100, 200, and 400 mg/kg. The animals were divided
into two groups according to treatment: a p-allose group and a control
group (saline instead of p-allose). In the p-allose group, intraperitoneal
injection of p-allose was administered 30 minutes before ischemia was
induced. In the control group, an intraperitoneal injection of 0.9%
normal saline was administered as a vehicle 30 minutes before isch-
emia was induced.

Ischemia

After anesthesia, the anterior chamber of the right eye was cannulated
with a 27-gauge infusion needle connected to a reservoir containing
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normal saline. The intraocular pressure (IOP) was raised to 130 mm Hg
for 45 minutes by elevating the saline reservoir. Retinal ischemia was
confirmed by the whitening of the iris and fundus. Sham-treated con-
trol left eyes underwent a similar procedure, but without the elevation
of the saline bag, so that normal ocular tension was maintained. The
45-minute duration of ischemia was chosen on the basis of previous
studies.®!¥ Because body temperature may influence ischemia-in-
duced retinal ganglion cell death,’® rectal and tympanic temperatures
were maintained at approximately 37°C, using a feedback-controlled
heating pad (CMA, Stockholm, Sweden) during the operation. After
restoration of blood flow, temperature was still maintained at 37°C.

Histologic Examination

For histologic examination, rats were anesthetized by intraperitoneal
injection of pentobarbital (40~50 mg/kg) 1 week after ischemia and
perfused intracardially with phosphate-buffered saline (PBS), followed
by perfusion with 4% paraformaldehyde in PBS. The retinas were
removed and embedded in paraffin, and thin sections (5 pum thickness)
were cut with a microtome. Each retina was mounted on a silane-
coated glass slide and then stained with hematoxylin and eosin (HE).

Morphometric analysis was performed to quantify ischemic injury.
These sections were selected randomly in each eye. A light micro-
scopic examination was performed by a person with no prior knowl-
edge of the groups. A microscopic image of each section within 0.5 to
1 mm of the optic disc was scanned. In each computer image, the
number of cells in the ganglion cell layer (GCL) was counted. The
thickness of the inner plexiform layer (IPL), inner nuclear layer (INL),
and outer nuclear layer (ONL) at the entire frame were measured. The
number of cells in the GCL was normalized as linear cell density (cells
per millimeter). Finally, in each eye, the thicknesses of the IPL, INL,
and ONL were obtained as the mean values of the four measurements,
and the linear cell density in the GCL was defined as the mean value of
the four measurements. For each animal, these parameters in the right
eye were normalized to those in the intact left eye and shown as a
percentage.

Measurements of Glutamate in the Vitreous Body

The measurements were performed as described elsewhere.’® Briefly,
a dialysis electrode (Microdialysis Biosensor; Applied Neuroscience,
London, UK) was used.'” The electrode was composed of a platinum
wire located inside a hollow semipermeable dialysis membrane (500
Da) with an outside diameter of 230 um. Two additional electrodes, a
reference electrode (Ag/AgCl) and a counter electrode (Ag), comprised
the electrochemical cell, and these were collectively installed in a glass
capillary, away from the main sensing area. For the measurement of
glutamate, the probe was filled with 10 mM phosphate-buffered saline
(PBS; pH 7.4), with or without glutamate oxidase (100 U/mL; Yamasa
Co. Lid., Chiba, Japan), and perfused at a flow rate of 0.2 ul/min by
means of a microinfusion pump (IP-2 microinfusion pump; Bio Re-
search Center Co. Ltd., Nagoya, Japan). Each substance diffuses across
the dialysis membrane into the electrode, and the respective oxidase
produces hydrogen peroxide which is detected by the electrode. The
current detected by the electrode is sent to an amplifier and is re-
corded on a polygraph in real time. In each experiment before and
after in vivo measurements, glutamate and H,0, were determined with
and without glutamate oxidase solution in the test tube respectively
and a regression line was obtained from known concentration. The
current detected by the electrode was sent to the amplifier (EPS-800;
Eicom, Kyoto, Japan). The change of 1 nA was equivalent to 8 uM of
glutamate. p-Allose (200 mg/kg) or saline was administered 30 minutes
before ischemia, and glutamate was monitored in the p-allose and
control groups (n = 4 per group) before, during, and after ischemia.
Body temperature was maintained at approximately 37°C during mea-
surement. In each experiment, a regression line was obtained from the
known glutamate concentration. :
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Measurements of Po, in the Vitreous Body

Intravitreal oxygen was monitored with a Po, probe (Intermedical Co.
Ltd., Nagoya, Japan) of 0.1-mm diameter. After the fiber-optic probe
was dipped into the oxygen-saturated PBS solution, the value of the
amplifier was adjusted to 155 mm Hg. The probe was inserted into the
vitreous in the same manner as for glutamate measurement (z = 4 per
group).

In Vitro Histologic Detection of Released H,0,

Rats were killed after 200 mg/kg p-allose or saline was administered.
For in vitro detection of released hydrogen peroxide, the retina was
quickly removed and immersed in ice-cold artificial cerebrospinal fluid
(ACSF) with 10 mM glucose bubbled in a gaseous mixture of 95% O,
and 5% CO,. The composition of ACSF was as follows: 124 mM NaCl,
4.4 mM KCl, 2.5 mM CaCl,, 1.3 mM MgSOy, 1 mM NaH,PO,, and 26
mM NaHCO,. The retina was incubated in an interface-recording cham-
ber maintained at 37°C for at least 30 minutes before the experiment
and constantly infused with gas-saturated ACSF with 10 mM glucose at
1.2 ml/min. The retina was then put in an observation chamber and
continuously bathed in a circulating fluid of ACSF with 10 mM glucose
bubbled in a gaseous mixture of 95% O, and 5% CO,. In vitro detection
was performed by applied immunohistochemical staining with horse-
radish peroxidase (HRP) (anti-mouse IgG, peroxidase-linked species-
specific F(ab’)2 fragment from sheep; GE Healthcare, Piscataway, NJ)
and diaminobenzidine (DAB) solution (1 mg/ml; Vector Laboratories
Inc., Burlingame, CA). A colorized solution was made by adding equal
amounts of HRP and DAB solution. Ten microliters of this solution was
added to the retina, followed by observation under a stereoscopic
microscope for the development of brown color as an indicator of the
release of H,O, The DAB solution, on binding to H,0,, undergoes a
polymerization reaction to yield a brown color.*® For ischemia induc-
tion, the circulating solution was changed to ACSF bubbled with 100%
N, gas. After circulating for 45 minutes, the solution was changed back
to the original solution. A stereoscopic microscope (MZ FL II; Leica
Microsystems, Tokyo, Japan) was used with acharge-coupled device
digital camera (DP70; Olympus, Inc., Tokyo, Japan) and analytical
software (DP70-WPCP; Olympus, Inc.).

Appearance of p-Allose in Vitreous

D—[l-“‘C] allose was obtained from GE Healthcare Biosciences (Bucking-
hamshire, UK). Four female Sprague-Dawley rats were used. p-[1-
'4Clallose (100 mg/1.11 MBq/2.0 mL PBS/kg body weight) was intra-
peritoneally injected 30 minutes before enucleation of the eye. Rats
were deeply anesthetized with pentobarbital. To minimize contamina-
tion of the intraocular tissue and blood, enucleation, and dissection of
the eye were performed by the following procedure. A cut was made
along the edge of the orbit. After enucleation with surrounding tissue,
the eye was immersed immediately in PBS for 5 minutes. Vitreous was
exfoliated from the vitreous side of the posterior cup. Radioactivity
was measured by a liquid scintillation counter (Tri-Carb Liquid Scintil-
lation Analyzer 2500TR; PerkinElmer, Meriden, CT).

Statistical Analysis

All statistical values are presented as the mean * SEM. Data were
analyzed using an independent Student’s #-test where appropriate. P <
0.05 was considered statistically significant.

REesurts

Histologic Change in the Retina after Ischemia
with and without p-Allose

Figure 1A shows a normal retina. Light microscopic photo-
graphs were taken 7 days after ischemia and treatment with
saline (Fig. 1B) or p-allose (Figs. 1C-F). In animals pretreated
with the saline control, significant reductions in the number of
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Ficure 1. Light micrographs of a
cross-section through normal rat ret-
ina (A) and 7 days after ischemia and
treatment without p-allose (B) or
with 50 (C), 100 (D), 200 (E), or 400
(¥ mg/kg p-allose. Bar, 10 pum. A B

cells in the GCL and the thickness of the IPL were observed.
The number of cells in the GCL was reduced to 52.5% * 1.4%
of the control (P < 0.01) and the thicknesses of the IPL was
reduced to 71.5% * 8.4% (P = 0.02), of the INL to 93.0% =
9.6% (P = 0.5), and of the ONL to 95.0% = 4.5% (P = 0.3; n
= 4) of the control (Fig. 2). In animals pretreated with 200
mg/kg p-allose, the number of cells in the GCL was 95.0% =
2.0% of the control (P = 0.05) and the thickness of the IPL was
95.8% = 2.3% (P = 0.7), of the INL was 100.4% = 3.0% (P =
0.9), and of the ONL was 102.4% = 5.0% (P = 0.7, n = 4) of
the control (Fig. 2). The co-injection of glucose (200 mg/kg)
with p-allose had no protective effect against retinal ischemia
reperfusion injury (data not shown).

Effect of p-Allose on Extracellular Glutamate
by Ischemia

The time course of glutamate efflux in the vitreous body during
the 45-minute ischemia and reperfusion in the control and
p-allose groups is shown in Figure 3. A remarkable increase in
glutamate was observed during ischemia. After recirculation,
glutamate levels were increased again and reached a maximum
in approximately 20 minutes. p-Allose suppressed increased
extracellular glutamate by ischemia. The increase in glutamate
efflux in the vitreous body during reperfusion tended to be
suppressed by the administration of p-allose.

Effect of p-Allose on Po, in the Vitreous Body
after Ischemia

The time course of Po, in the vitreous body during the 45-
minute ischemia and reperfusion in the control and p-allose

120

100

80

60

% of control

40

20

GCL IPL INL ONL

FIGURE 2. Percentage of change relative to control values in the
number of GCL cells and the thicknesses of the IPL, INL, and ONL 7
days after ischemia without p-ailose (8) or with 200 mg/kg p-allose ().
Results are expressed as the mean = SEM (*P < 0.05).
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groups is shown in Figure 4. After recirculation, Po, levels
were increased and, in approximately 10 minutes, reached the
same levels as before ischemia. During reperfusion, p-allose
enhanced Po, levels and reached a maximum in approximately
15 minutes.

Effect of p-Allose on Released H,0,

Figure SA shows a normal flat-mounted retina. Light-micro-
scopic photographs were taken of treatment without p-allose
(Fig. 5B) and with p-allose (Fig. 5C). Without p-allose treat-
ment, brown color was first observed 30 minutes after isch-
emia and was stronger 75 minutes later (Fig. 5B). However, in
the presence of p-allose, a brown color was first observed 60
minutes after ischemia (15 minutes after recirculation). De-
creased brown staining was observed compared with the isch-
emic retina (Fig. 5C).

The specificity for H,O, was determined by DAB solution
without hydrogen peroxide. No specific color development
was observed (data not shown). This observation does not
exclude the possibility of other reactive oxygen species such as
superoxide, nitric oxide, peroxinitrite. However, at least the
color development must be dependent on the release of H,0,.

Appearance of p-Allose in Vitreous

When 555 Bq/pL p-[1-'*C]allose was intraperitoneally injected,
it appeared in the vitreous and blood at 46.4 * 5.2 Bq/pL and
42.8 + 3.0 Bg/pL, respectively, at 30 minutes (n = 4; Table 1).
The concentration of p-allose in vitreous was shown to be
almost same as that in blood.

[schemia Reperfusion

Glutamate (M)

-5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

Time (min)

FiGURE 3. Effect of p-allose on the release of glutamate from rat retina.
(®) Control; (A) p-allose. Ischemia was induced by elevating the
intraocular pressure for 45 minutes. p-Allose (200 mg/kg, intraperito-
neally) was administered 30 minutes before ischemia in the p-allose
group, and glutamate was measured by an electroenzymatic method of
microdialysis. Glutamate was significantly increased by ischemia. Glu-
tamate during both ischemia and reperfusion was suppressed by b-
allose. Data represent the mean = SEM.
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Ischemia Reperfusion

Po, (mm Hg)

-5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Time (min)

FIGURe 4. Effect of pallose on Po, levels. (@) Control; (A) pallose.
Ischemia was produced by elevating intraocular pressure for 45 min-
utes p-allose (200 mg/kg, intraperitoneally) was administered 30 min-
utes before ischemia in the p-allose group and Po, was measured by a
Po, probe. The Po, levels were significantly increased after ischemia.
The Po, levels during reperfusion were enhanced by p-allose. Data
represent the mean * SEM.

Discussion

In the present study, the release of glutamate from the rat
retina was observed during the ischemic period, and a larger
increase occurred during reperfusion. Similar observations
were reported in rabbit’® and feline® retinas. A delayed in-
crease in the efflux of glutamate was observed during the
recirculation period in the CA1l field of the hippocampus
where most presynaptic fibers were eliminated, and the extra-
cellular glutamate level returned very gradually to the baseline
range in the setting.? Mitani et al.** suggested that presynaptic
terminals in the CAl field play a major role in the uptake of
glutamate after ischemia. The prolonged release of glutamate
after ischemia in the retina may reflect such a defective gluta-
mate uptake system in the retinal neurons, because retinal
neurons did not show a significant affinity for glutamate up-
take.?’ Glutamate receptors have been subdivided into iono-
tropic and metabotropic receptors.** Although the details of

0 min 30 min 45 min

60 min
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TaBie 1. Distribution of p-Allose in Vitreous and Blood

Vitreous
Blood

46452
428+ 3.0

B.4*+1.0
7705

o-[1-"*C)Allose (555 Bq/ul) was intraperitoneally injected, and
radioactivity in vitreous and blood were measured at 30 minutes after
injection. Data are mean Bg/ul £ SEM (% of distribution) of four
preparations.

the pathway are not clear, there is compelling evidence to
suggest that neurons that contain ionotropic glutamate recep-
tors are particularly susceptible to ischemia-reperfusion. The
neurons in the retina that express such receptors are the
ganglion cells and a subset of amacrine cells.?® In ischemia-
reperfusion, neurotransmitters are related, and they overacti-
vate their appropriate receptors. Such overstimulation, partic-
ularly of ionotropic glutamate receptors, generally leads to cell
death.?*~?" In this study, p-allose prevented retinal damage by
reducing extracellular glutamate levels.

To clarify the role of p-aliose as an antioxidant, a research
group at Kagawa University Faculty of Medicine and the Nation
Agriculture Research Center for Western Region, Kagawa, has
examined the scavenging activities of p-allose and other sugars
using electron spin resonance. They found scavenging activi-
ties in rare sugars, although the activities were much weaker
than those of other common scavengers such as superoxide
dismutase and carotinoids.”® Significant inhibition of reactive
oxygen species production was detected only when p-aliose
was added, although the inhibition was found to be dose
dependent.?® The ameliorative effect of p-aliose has been ob-
served after liver transplantation® and ischemia-reperfusion
injury of the liver.®

A considerable amount of reactive oxygen species is pro-
duced in ischemia, especially during reperfusion, due to the
increase in oxygen supply and metabolism, and this exacer-
bates neuronal cell damage (reperfusion injury).?” In a recent
study, using a technique based on electron spin resonance
trapping analysis of the signals obtained in microdialysates of
the retina, Muller et al.?® directly showed that OH' radicals
were generated during the ischemic episode itself and re-
mained elevated at reperfusion. This OH' production was in-

75 min

FIGURE 5. Effect of p-allose on the
release of H,0,. The brown color
indicates the release of H,0,. Isch-
emia induction was for 45 minutes.
Color photographs were taken be-
fore ischemia induction and at 30,
45, 60, and 75 minutes after starting
ischemia induction. (A) There was
no brown staining in a control flat-
mounted retina. Rats were killed 30
minutes after the instillation of saline
M) or pallose (C). With p-allose
treatment, the retina became brown
60 minutes after ischemia and was
lighter stained than the retina with-
out p-allose treatment at every time
point. Bar, 500 pm.
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hibited by superoxide dismutase/catalase and deferoxamine,
suggesting that H,0, is an intermediate in radical formation.
Molecular oxygen (O,) can be reduced by various enzymatic
reactions, mainly by oxidases and an oxygenase cascade.®!
Superoxide is dismutated to H,O,. Ullrey and Kalckar’? previ-
ously reported that p-allose may inhibit hexose transport. p-
Allose could reduce the production of H,O, by modulating the
glycolytic response. In the present study, p-allose affected
increased Po, levels in the vitreous body by reperfusion. p-
Allose may enhance Po, levels in the vitreous body after isch-
emia due to a decrease in the production of H,0,, conse-
quently preventing reperfusion injury.

In conclusion, preischemic administration of p-allose sup-
pressed glutamate release during and after ischemia. Further-
more, p-allose reduced the production of H,O, during recircu-
lation. The present study suggests that p-allose may protect
neurons by decreasing extracellular glutamate and attenuating
oxidative stress in ischemic insult.
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