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Abstract

Objective: Diosmin, a natural flavone glycoside, possesses antioxidant activity and has been used to alleviate
ischemia/reperfusion (I/R) injury. The aim of this study was to clarify whether the administration of diosmin
has a protective effect against I/R injury induced using the high intraocular pressure (IOP) model in rat retina,
and to determine the possible antioxidant mechanisms involved.
Methods: Retinal I/R injury was induced in the rats by elevating the IOP to 110 mmHg for 60 min. Diosmin
(100 mg/kg) or vehicle solution was administered intragastrically 30 min before the onset of ischemia and then
daily after I/R injury until the animals were sacrificed. The levels of malondialdehyde (MDA) and the activities
of total-superoxide dismutase (T-SOD), glutathione peroxidase (GSH-Px), and catalase (CAT) in the retinal
tissues were determined 24 h after I/R injury. At 7 days post-I/R injury, electroretinograms (ERGs) were
recorded, and the density of surviving retinal ganglion cells (RGCs) was estimated by counting retrograde
tracer-labeled cells in whole-mounted retinas. Retinal histological changes were also examined and quantified
using light microscopy.
Results: Diosmin significantly decreased the MDA levels and increased the activities of T-SOD, GSH-Px, and
CAT in the retina of rats compared with the ischemia group (P < 0.05), and suppressed the I/R-induced re-
duction in the a- and b-wave amplitudes of the ERG (P < 0.05). The thickness of the entire retina, inner nuclear
layer, inner plexiform layer, and outer retinal layer and the number of cells in the ganglion cell layer were
significantly less after I/R injury (P < 0.05), and diosmin remarkably ameliorated these changes on retinal
morphology. Diosmin also attenuated the I/R-induced loss of RGCs of the rat retina (P < 0.05).
Conclusion: Diosmin protected the retina from I/R injury, possibly via a mechanism involving the regulation of
oxidative parameters.

Introduction

A number of ocular diseases have been associated with
retinal ischemia/reperfusion (I/R) injury, including

retinal vascular occlusion, acute glaucoma, diabetic retinop-
athy, and retinopathy of prematurity.1 I/R injury leads to
energy-dependent dysfunction, tissue edema, and, eventu-
ally, to retinal cell death. Nevertheless, the exact mechanism
of cell death induced by retinal ischemia is not completely
understood. Endogenous excitatory amino acids (e.g., glu-
tamate), oxygen-free radicals, nitric oxide, and calcium im-
balances are involved in the pathogenesis of I/R injury.2,3 Of
these mechanisms, oxidative stress, which may occur be-
cause of an imbalance between the production and removal
of reactive oxygen species (ROS), is considered to be a critical
mediator of retinal ganglion cell (RGC) injury of various
etiologies and has been implicated in RGC death.4

The generation of excess ROS can affect subcellular
structures and functions, resulting in mitochondrial dys-
function, lipid peroxidation of polyunsaturated fatty acids in
membranes, and alterations in protein or DNA structure.5

There is an endogenous free-radical scavenging system6;
however, excess ROS can overwhelm this system and con-
tribute directly to cell damage. In ischemia followed by re-
oxygenation during reperfusion, ROS are overproduced at a
level that exceeds the clearance ability of the body. This
contributes to cell death directly via the damage of cellular
components and indirectly by modulating the signaling
pathways involved in the cell death process.7

A number of in vivo studies have reported a protective
effect of antioxidants in retinas after I/R-induced damage.4,8–10

A powerful free-radical scavenger,11 diosmin is a natural
flavone glycoside readily obtained by dehydrogenation of
the corresponding flavanone glycoside hesperidin; it is also

Department of Ophthalmology, Shanghai Jiaotong University Affiliated Shanghai First People’s Hospital, Shanghai, China.

JOURNAL OF OCULAR PHARMACOLOGY AND THERAPEUTICS
Volume 28, Number 5, 2012
ª Mary Ann Liebert, Inc.
DOI: 10.1089/jop.2011.0218

459459459



abundant in the pericarp of various citrus fruits.12,13 Diosmin
has been reported to be effective in the prevention of I/R-
induced intestinal injury, and in tissue damage in the kidney,
liver, intestine, cheek pouch, and brain.14–18 However, there
are few studies18 on the protective effect of diosmin against
retinal damage caused by I/R.

In the present study, we investigated the effect of the in-
tragastric administration of diosmin (standardized up to 95%
diosmin) on rat retina after injury using the high intraocular
pressure (IOP) model. We also examined the changes in
retinal tissues associated with oxidative stress, including
changes in the levels of malondialdehyde (MDA), total-
superoxide dismutase (T-SOD), glutathione peroxidase
(GSH-Px), and catalase (CAT), to elucidate the mechanism by
which diosmin protects retinal neurons. Our findings indi-
cate that diosmin protects retinal neurons from oxidative
stress, and that it can improve both morphological damage
and functional changes after retinal I/R injury.

Methods

Rat model of acute elevated IOP

Healthy male Wistar rats (n = 112) weighing 180–200 g
each were purchased from the Shanghai Laboratory Animal
Center of the Chinese Academy of Sciences. The animals
used in this study were treated in accordance with the As-
sociation for Research in Vision and Ophthalmology (ARVO)
Statement for the Use of Animals in Ophthalmic and Vision
Research. The animals were housed under controlled con-
ditions that included a 12-h light/dark cycle (8:00–20:00 h
light; 20:00–8:00 h dark), a temperature of 23�C–25�C, hu-
midity in the range of 55%–60%, and with free access to
standard food and drinking water.

All surgeries were performed under aseptic conditions.
The rats were anesthetized by an intraperitoneal (i.p.) injec-
tion of 1% pentobarbital sodium (10 mg/kg). Corneal anal-
gesia was achieved using 1 or 2 drops of 0.4% oxybuprocaine
hydrochloride, pupillary dilatation was maintained with
0.5% tropicamide and 0.5% phenylephrine, and the body
temperature was maintained at 36.5�C–37�C using a heating
blanket. After dilation of the pupil, the anterior chamber of
the right eye was cannulated with a 30-gauge needle con-
nected to a physiological saline reservoir. The IOP was raised
to 110 mmHg by keeping the reservoir at 150 cm above the
eye, and retinal ischemia was confirmed by examination of
the fundus. After 60 min, the IOP was returned to normal
pressure by removing the infusion needle from the anterior
chamber. Ofloxacin ophthalmic gel (0.3%) was applied to-
pically to the eye before and after the procedure. Only the
right eye was used in all experiments. The anterior chamber
of the right eye in the 2 sham-operated groups was similarly
cannulated without raising the IOP.

Group assignment and drug administration

For intragastric administration, diosmin (D3525; Sigma-
Aldrich, St. Louis, MO) was diluted in physiological saline, the
vehicle solution. Next, 5 mL of 2% diosmin per kilogram weight
of the rat, or the same volume of vehicle solution, was admin-
istered intragastrically 30 min before the onset of ischemia, and
then daily after I/R injury until the animals were sacrificed.

The animals were randomly assigned to the following 4
groups, which included combinations of the I/R injury model

or sham injury with the i.g. administration of diosmin or ve-
hicle solution: sham + vehicle (SV) group, sham + diosmin (SD)
group, model + vehicle (MV) group, and model + diosmin
(MD) group.

Using an overdose of anesthesia, 8 rats from each group
were sacrificed 24 h after I/R injury, and their eyeballs har-
vested for determination of the MDA level and the activities
of T-SOD, GSH-Px, and CAT. At 7 days post-I/R injury,
electroretinograms (ERGs) were recorded in 6 rats per group.
Meanwhile, 6 rats in each group were randomly chosen for
retrograde labeling of RGCs, and the remaining 8 rats from
each group were histopathologically examined.

Determination of the levels of MDA
and activities of T-SOD, GSH-Px, and CAT

The levels of MDA and the activities of T-SOD, GSH-Px,
and CAT were determined in each retina 24 h after the is-
chemic insult, as described previously.19 The retina samples
were prepared as a 10% homogenate in 0.9% saline using a
homogenizer on ice according to their respective weight.
Next, the homogenate was centrifuged at 2,000 rpm for
10 min, and the supernatant was collected and diluted. MDA
levels were determined using the double heating method.
Briefly, 2.5 mL of thiobarbituric acid (TBA) means thiobarbituric
acid solution (100 g/L) was added to 0.5 mL of homogenate
in each centrifuge tube, and the tubes were placed in boiling
water for 15 min. After cooling with flowing water, the tubes
were centrifuged at 1,000 rpm for 10 min, 2 mL of the su-
pernatant was added to 1 mL of the TBA solution (6.7 g/L),
and the tube was placed in boiling water for another 15 min.
After cooling, the amount of thiobarbituric acid-reactive
species was measured at 532 nm. The MDA concentration
was calculated from the absorbance coefficient of the MDA-
TBA complex. The data are expressed as nM/g of wet tissue.
T-SOD activity was determined through the inhibition of
nitrotetrazolium blue (NTB) reduction by the xanthine/
xanthine oxidase system as a superoxide generator. The ac-
tivity was assessed in the supernatant after the addition of
1.0 mL of ethanol/chloroform (5/3, v/v) to the same volume
of sample and centrifugation for 15 min at 3,000 rpm. The
production of formazan was determined at 560 nm. One unit
of SOD activity was defined as the amount of protein that
inhibited the rate of NTB reduction by 50%. The data are
expressed as U/g of protein. GSH-Px activity was measured
by the method of Paglia and Valentine.20 The enzymatic re-
action in the tube that contained reduced nicotinamide ad-
enine dinucleotide phosphate, reduced glutathione, sodium
azide, and glutathione reductase was initiated by the addi-
tion of H2O2, and the change in absorbance at 340 nm was
monitored by spectrophotometry. The data are expressed as
U/g of protein. CAT activity was measured by the method of
Cohen.21 The principle of the assay was based on the de-
termination of the rate constant (s - 1, k) of H2O2 decompo-
sition. The rate constant of the enzyme was determined by
measuring the absorbance change per minute. The data are
expressed as k/g of protein.

Electroretinography

At 7 days after I/R injury, the retinas of rats from each
group were assessed using ERGs (Tomey EP-1000, Erlangen,
Germany). After overnight dark adaptation, the rats were
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anesthetized under dim red illumination and their pupils
dilated with 0.5% tropicamide and 0.5% phenylephrine. The
rats were placed in a stereotaxic frame, lying on an electric
blanket to maintain the body temperature at 37�C, and facing
the stimulus at a distance of 20 cm. Stainless steel wire
(0.1 mm in diameter) loops were placed on the cornea to act
as the recording electrode after the topical application of
ofloxacin ophthalmic gel. A reference electrode was con-
nected to the middle of the lower eyelid together with a
grounding electrode near the tail. The responses to a light
flash (2.5 cd$s/m2) from a photic stimulator were amplified,
and the preamplifier bandwidth was set at 0.3–300 Hz. The
amplitude of the a-wave was measured from the baseline
to the trough of the a-wave, while that of the b-wave
was measured from the trough of the a-wave to the peak of
the b-wave.

Retrograde labeling of RGCs

We identified RGCs by retrograde labeling with fluor-
ogold (FG) dye (Biotium, Hayward, CA), using a slight
modification of the method of Peinado-Ramon et al.22

Briefly, 7 days before sacrifice, the animals were deeply
anesthetized by an i.p. injection of 1% pentobarbital sodium
and placed in stereotactic apparatus (Stoelting, Kiel, Ger-
many). The head was then immobilized and the scalp in-
cised. Located by the lambda and bregma sutures, 2 small
holes (1.5 · 1.5 mm) were drilled into the pericranium, and
the neuronal tracer FG was injected (8 mL of 4% FG in dis-
tilled water) into the bilateral superior colliculis (SC, 6.0 mm
posterior to the bregma, 1.2 mm lateral, and a depth of
3.7 mm), the main targets of rat RGC projections. To pre-
vent FG diffusion along the needle track, the injection
needle was not withdrawn from the brain until 2 min after
injection. After wound closure with a suture, the rats were
allowed to recover on a heating blanket that maintained
their body temperature at 37�C.

At 7 days after I/R injury, the animals were sacrificed by
an overdose of 3% pentobarbital sodium. Immediately after
sacrifice, the eyes of each rat were enucleated and fixed in 4%
paraformaldehyde for 1 h. Then, the posterior segments were
prepared for flat mounts after removal of the lens and the
vitreous body. Retinal tissue was carefully placed on a ni-
trocellulose membrane, with the ganglion cell layer on top.
The density of FG-positive RGCs was determined by fluo-
rescence microscopy (Zeiss 510, Jena, Germany) in a masked
fashion, as described previously.23 Briefly, we photographed
3 standard rectangular areas (0.2 · 0.2 mm; 0.04 mm2) at 1, 2,
and 3 mm, respectively, from the optic disc in the central
region of each retinal quadrant (superotemporal, in-
ferotemporal, superonasal, and inferonasal). Thus, for each
retina, 12 rectangles were evaluated, for a total area of
0.48 mm2 (12 · 0.04 mm2), which is *1% of the total area of
the retina,24 assuming an average area of 50 mm.2 To deter-
mine the density of FG-positive RGCs as cells/mm,2 we
multiplied the number of cells per 0.04 mm2 by 25. The data
are given as the mean RGCs/mm2 – standard deviation.

Histopathologic examination

At 7 days postretinal I/R injury, the eyeballs were enu-
cleated and fixed in 4% paraformaldehyde at 4�C for 24 h.
After fixation, the anterior segment was removed, and the

posterior eyeball was dehydrated in a graded ethanol series
and embedded in paraffin. For hematoxylin and eosin (HE)
staining, samples were cut into 5-mm-thick retinal cross sec-
tions and observed under a light microscope (Leica, Hei-
delberg, Germany). To quantify the ischemic damage in the
retina, we measured different layer thicknesses to quantify
the degree of cell loss. The overall retinal thicknesses (from
the inner limiting membrane to the pigment epithelium), the
outer retinal layers (ORL, consisting of the outer nuclear and
outer plexiform layers), the inner nuclear layer (INL), and the
inner plexiform layer (IPL) were measured. All measure-
ments (400 · ) were made *2 to 3 disc diameters from the
optic disc. The number of cells in the ganglion cell layer
(GCL) was calculated using the linear cell density (cells per
200mm), and 3 sections per eye were averaged.

Statistical analysis

All of the results are expressed as the mean – standard
deviation. Statistical analyses were performed using SPSS for
Windows version 17.0 (SPSS, Inc., Chicago, IL). To identify
significant differences, an analysis of variance and the Stu-
dent-Newman-Keuls test were applied. P values less than
0.05 were considered to be statistically significant.

Results

Effect of diosmin on the MDA level and activity
of T-SOD, GSH-Px, and CAT

Twenty-four hours after retinal I/R injury, the MDA levels in
the MV group were significantly higher than that in the other 3
groups. However, compared with the MV group, diosmin
significantly reduced the MDA levels in the MD group
(21.27 – 3.16, 20.89 – 4.27, 33.17 – 5.14, and 24.29 – 6.08 nM/g of
wet tissue for the SV, SD, MV, and MD group, respectively;
n = 8) (P < 0.05, Fig. 1A). The activity levels of T-SOD
(0.914 – 0.127, 0.921 – 0.183, 0.549 – 0.154, and 0.819 – 0.172 U/g
of protein for the SV, SD, MV, and MD groups, respectively;
n = 8), GSH-Px (24.36 – 3.64, 23.77 – 4.05, 15.69 – 3.78, and
21.94 – 6.07 U/g of protein for the SV, SD, MV, and MD groups,
respectively; n = 8), and CAT (1.603 – 0.219, 1.498 – 0.321,
1.164 – 0.191, and 1.414 – 0.337 KU/g of protein for the SV, SD,
MV, and MD groups, respectively; n = 8) were similar between
the SV and SD groups (P > 0.05, Fig. 1B–D), and they were
significantly higher than those in the MV group (P < 0.05, Fig.
1B–D). Compared with the MV group, diosmin significantly
increased the activities of T-SOD, GSH-Px, and CAT in the MD
group (P < 0.05, Fig. 1B–D).

Effect of diosmin on RGC survival

Only surviving RGCs can be labeled with FG. As shown in
Fig. 2A, at 7 days after I/R injury, there was a remarkable
loss of RGCs in the MV group compared with the SV and SD
groups; however, diosmin significantly attenuated this re-
duction. The density of surviving RGCs was 1,801 – 103/
mm2 (n = 6) in the SV group and 1,763 – 88/mm2 (n = 6) in the
SD group (P > 0.05, Fig. 2B). The finding that the density of
surviving RGCs in the MV group was reduced by 43%
compared with that in the SV group (1,034 – 122 vs.
1,801 – 103/mm2; n = 6) (P < 0.05, Fig. 2B) reflects the fact that
I/R insult could result in RGC death. However, the density
of surviving RGCs in the MD group (1,597 – 69/mm2; n = 6)
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was significantly higher than that in the MV group (P < 0.05,
Fig. 2B) and recovered to 89% when compared with the SV
group, showing the preventive effect of diosmin on the loss
of RGCs after I/R insult.

Preventive effect of diosmin on the reduction
in amplitude of a- and b-waves

To evaluate the functional changes induced by I/R injury,
an ERG was recorded on day 7 after I/R injury. Figure 3A
shows typical ERGs for the 4 groups, 7 days after I/R injury.
The finding that the a- and b-wave amplitudes in the MV

group was reduced by 63% and 66%, respectively, compared
with that in the SV group (52.83 – 5.65 vs. 142.50 – 11.40mV
for a-wave and 178.34 – 6.74 vs. 517.86 – 7.31mV for b-wave;
n = 6) (P < 0.05, Fig. 3B) reflected the fact that the I/R insult
could result in retinal functional impairment. However, the a-
and b-wave amplitudes in the MD group (102.99 – 20.52mV
for a-wave and 344.36 – 15.73mV for b-wave; n = 6) were sig-
nificantly higher than those in the MV group (P < 0.05, Fig.
3B) and recovered to 72% and 66%, respectively, when
compared with the SV group, showing the preventive effect
of diosmin on the retinal functional impairment after I/R
insult.

FIG. 1. Changes in the level of MDA and
the activities of T-SOD, GSH-Px, and CAT
in the retina 24 h after I/R (n = 8). The level
of MDA in the MV group was significantly
higher than that in both SV and SD groups
(P < 0.05); the level of MDA in the MD
group was significantly lower than that in
the MV group (P < 0.05) (A). The activities
of T-SOD, GSH-Px, and CAT in the MV
group were significantly lower than those
in both SV and SD groups (P < 0.05); the
activities in the MD group was signifi-
cantly higher than those in the MV group
(P < 0.05) (B–D). *P < 0.05. I/R, ischemia/
reperfusion; MDA, malondialdehyde; T-
SOD, total-superoxide dismutase; GSH-Px,
glutathione peroxidase; CAT, catalase; SV,
sham + vehicle; MV, model + vehicle; MD,
model + diosmin; SD, sham + diosmin.

FIG. 2. Representative photographs of retrogradely labeled retinas in the 4 groups (A). The density of surviving RGCs in the
MV group was significantly lower than that in both SV and SD groups (P < 0.05) (n = 6) (B); the density of surviving RGCs in the
MD group was significantly higher than that in the MV group (P < 0.05) (n = 6) (B). *P < 0.05. RGCs, retinal ganglion cells.
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Effect of diosmin on retinal damage

At 7 days post-IR injury, the morphological changes were
evaluated. The retinas from the SV and SD groups were
normal in appearance (Fig. 4). Compared with the SV and SD
groups, the thickness of the retina in the MV group was
significantly decreased, and the reduction was primarily at-

tributed to significant degeneration of the cell bodies in the
GCL and thinning of the INL, IPL, and ORL (Fig. 4). The
overall retinal thickness in the MV group was reduced by
24% compared with that in the SV group (87.84 – 7.27 vs.
116.27 – 5.14 mm) (P < 0.05, Table 1). The retinal layers, in
order of reduced magnitude, were INL, IPL, and ORL, which
were reduced by 38, 32, and 18%, respectively; the GCL

FIG. 3. Representative photo-
graphs of ERG records in the 4
groups (A). The responses to a
light flash (2.5 cds/m2) from a
photic stimulator were amplified,
and the pre-amplifier bandwidth
was set at 0.3–300 Hz. The ERG
was recorded 7 days after I/R in-
jury, and the a- and b-wave am-
plitudes were measured. Data are
expressed as the mean – standard
deviation (n = 6) (B). *P < 0.05.
ERG, electroretinogram.

FIG. 4. Representative photographs of the rat retinas in the 4 groups 7 days after I/R (n = 8). In both SV and SD groups, the
GCL and INL were obvious and well organized. Seven days after I/R, the INL in the MV group was obviously thinner, and
the number of GCL cells was significantly decreased, whereas in the MD group, the retina was more normal in structure, with
a thicker INL than in the MV group. GCL, ganglion cell layer; INL, inner nuclear layer; IPL, inner plexiform layer; OPL, outer
plexiform layer; ONL, outer nuclear layer. Scale bar = 20 mm.
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density was reduced by 55% in the SV group (Fig. 4 and
Table 1). In contrast, diosmin clearly protected against the
retinal ischemic damage in the MD group, with normal
patterns of organization in the outer nuclear and plexiform
layers, except for a slight misalignment of the photoreceptors
(Fig. 4). The thicknesses of the inner and outer retina and the
GCL density in the MD group were significantly greater than
those in the MV group (P < 0.05, Table 1), confirming the
protective effect of diosmin.

Discussion

This study evaluated the protective effect of diosmin on
retinal damage caused by I/R injury in a rat model. Our
results demonstrated a reduction in both morphological
damage and functional changes in the MD group in com-
parison with the MV group. In the MD group, diosmin
markedly protected the retina from I/R-induced injury by
preventing the loss of retinal neurons and improving the
oxidative parameters of the tissue, as evidenced by reduced
levels of MDA and increased activity levels of T-SOD, GSH-
Px, and CAT, suggesting that the mechanism of protection by
diosmin in the retina includes a reduction in oxidative stress.

In this study, the IOP was elevated above the systolic
blood pressure for 60 min, and during this period the blood
supply to the retina was drastically reduced, as indicated by
whitening of the fundus. Acutely raising the IOP of a rat eye,
followed by reperfusion, is known to cause physiologic
dysfunction.25 Therefore, we measured the ERG a- and b-
wave amplitudes to evaluate the extent of functional retinal
damage and to observe the morphological changes to de-
termine the histopathological insult after I/R injury. Elec-
troretinography is a sensitive physiological measure of
retinal health: the a-wave provides information about the
photoreceptors, representing the outer layer of the retina,
while the b-wave provides information about the physiology
of the ON bipolar and Müller cells, representing the inner
layer of the retina.1,26 Therefore, the results of this study
demonstrate the protective effect of diosmin on retinal cells
during I/R injury. Furthermore, a good correlation was
noted between the ERG for both a- and b-waves and the
histological changes. After I/R injury, the reduction in the
b-wave was greater than that in the a-wave, and consistent
with the morphological changes shown by HE staining, the
decrease in thickness of the inner layer exceeded that of the
outer layer.

It has been suggested that both apoptosis and necrosis are
involved in I/R-induced neuronal damage.27–29 RGCs are
vulnerable to retinal I/R injury, and the numbers of sur-
viving RGCs and their axons are important determinants of
the extent of visual impairment in patients with ischemic
ocular disorders, including glaucoma, diabetic retinopathy,
retinal vein occlusion, and retinopathy of prematurity.
Therefore, to investigate whether diosmin can prevent the
loss of RGCs, we used the retrograde labeling of RGCs to
quantitatively determine the number of surviving RGCs after
retinal I/R injury. Consistent with some previous stud-
ies,23,30 our results show that the I/R injury induced by the
acutely elevated IOP caused the loss of RGCs, and that the
intragastric administration of diosmin protected the RGCs.

I/R injury involves many mechanisms that ultimately re-
sult in necrotic and apoptotic cell death.31 When the IOP is
increased, glutamate is released from the retina during and
after ischemia.2,32,33 The major causes of cell death after ac-
tivation of the N-methyl-D-aspartate subtype of glutamate
receptors are related to an influx of calcium and the gener-
ation of free radicals.34 In living organisms, free radicals are
considered to be a double-edged sword. At ordinary con-
centrations, free radicals are essential participants in cell
signaling and regulation; however, an imbalance between
the production and removal of free radicals can lead to oxi-
dative stress and subsequent cellular toxicity.35 In particular,
the cellular damage that occurs secondarily to ischemia may
be exacerbated by the sudden reintroduction of oxygen into
tissues during reperfusion, triggering free-radical cascades
that overwhelm endogenous free-radical scavengers.36 Nu-
merous studies of retinal tissue have suggested that oxida-
tive stress is an essential factor in cellular damage during I/R
injury.4,37,38 MDA is a naturally occurring product of lipid
peroxidation, a process in which unsaturated fatty acids are
oxidized to form radicals. Compared with lipid peroxidation,
MDA has a longer life span and is more favorable for the
evaluation of the severity of tissue damage.39 Therefore, in
the present study, we determined the level of MDA to assess
oxidative tissue damage after I/R injury. Free radicals pro-
duced in living organisms can be scavenged by intrinsic
antioxidant enzymes, including SOD, CAT, and GSH-Px. In
addition, previous studies have proven that SOD and CAT
administration can protect the retina from I/R injury.9,40

Therefore, the activities of these enzymes may reflect the
antioxidative ability of the body. In this study, as shown in
our previous reports,19,41 I/R injury resulted in a significant

Table 1. Thickness of the Retinal Layers and GCL Cell Count at 7 Days

After Ischemia/Reperfusion (Mean – Standard Deviation, n = 8)

Thickness (mm)
Group
(each n = 8) Overall INL IPL ORL

Density of the survival
of RGCs (n/200mm)

SV 116.27 – 5.14 23.79 – 1.64 31.94 – 2.01 36.27 – 2.19 18.79 – 0.92
SD 113.75 – 5.37 23.86 – 1.57 30.67 – 2.17 34.59 – 2.87 19.02 – 1.03
MV 87.84 – 7.27a,b 14.65 – 1.71a,b 21.58 – 3.31a,b 29.87 – 3.01a,b 8.47 – 0.89a,b

MD 109.34 – 6.93b,c 20.96 – 1.98b,c 27.64 – 4.07b,c 33.54 – 2.95b,c 13.27 – 1.78b,c

aCompared with the SV group.
bP < 0.05.
cCompared with the MV group.
INL, inner nuclear layer; IPL, inner plexiform layer; ORL, outer retinal layers; RGCs, retinal ganglion cells; SV, sham + vehicle; MV,

model + vehicle; MD, model + diosmin; SD, sham + diosmin.
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increase in the MDA level and decrease in the activities of T-
SOD, CAT, and GSH-Px in the retina. However, in this
study, we found that diosmin significantly decreased the
MDA level and enhanced the antioxidant enzyme activity in
retinal tissue, implying that diosmin ameliorated the injury,
as assessed by the morphology and function of the retina, by
attenuating the oxidative stress induced by I/R injury.

Diosmin, a naturally occurring flavonoid glycoside that
can be isolated from various plant sources or derived from
the flavonoid hesperidin, is a vascular-protective agent used
to treat chronic venous insufficiency, hemorrhoids, lymphe-
dema, and varicose veins. Like other flavonoids, diosmin is
capable of scavenging free radicals. In the present study, we
showed the protective effect of diosmin against morpholog-
ical and functional damage to the retina after I/R insult,
possibly based on its ability to regulate oxidative parameters.

As noted in previous studies, the antioxidative stress effect
of diosmin may not be its sole protective mechanism. Var-
ious other mechanisms, including anti-inflammatory activity,
which have been demonstrated in other tissues and or-
gans,42,43 could also play a role in the protective effects ob-
served in this study. Additional investigations are needed to
clarify this issue.

In conclusion, our present study demonstrates that dios-
min is effective at protecting retinal neurons during retinal I/
R and improving I/R-induced retinal dysfunction. The pro-
tective effect of diosmin seems to be at least partly due to
regulating the oxidative parameters. Diosmin may be a po-
tential neuroprotective drug for retinal diseases associated
with I/R injury.
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