
Abstract

Aims/hypothesis. Early stage leukocyte entrapment in
the retinal microcirculation (retinal leukostasis) is
considered to be one of the important pathogenetic
events in diabetic retinopathy. Gliclazide, a sulphonyl-
urea, was reported to reduce leukocyte adhesion to en-
dothelial cells in hyperglycaemia in vitro, thus sug-
gesting possible selective efficacy of this sulphonyl-
urea in preventing leukostasis in diabetic patients.
This study evaluated the effectiveness and selectivity
of gliclazide treatment on retinal leukostasis of diabet-
ic rats in vivo.
Methods. Streptozotocin (STZ) (65 mg/kg)-induced
diabetic rats were divided into three groups (n = 8
each): an untreated diabetic group, a gliclazide-treated
diabetic group, and a glibenclamide-treated diabetic
group. Gliclazide or glibenclamide was administered
orally during a 3-week period. Non-diabetic rats were
used as a control (n = 8). Retinal leukostasis was
quantitatively evaluated in vivo by acridine orange
leukocyte fluorography using a scanning laser oph-
thalmoscope.

Results. The number of leukocytes trapped in the area
around the optic disc in the untreated diabetic group
(36.9 ± 5.1 cells) increased significantly compared
with the non-diabetic control group (21.9 ± 2.9 cells;
p = 0.0007). The number of leukocytes trapped in the
gliclazide-treated diabetic group (23.5 ± 4.0 cells) de-
creased significantly compared with untreated diabetic
group (p = 0.0008). In contrast, no reduction of retinal
leukostasis was found in the glibenclamide-treated di-
abetic group (37.8 ± 5.8 cells; p = 0.7923).
Conclusion/interpretation. This suggests that glicl-
azide could directly improve abnormalities in the reti-
nal microcirculation independent of blood glucose
control and possibly have selective therapeutic bene-
fits in preventing early, critical events in diabetic reti-
nopathy compared with other sulphonylurea drugs.
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Diabetic retinopathy is a leading cause of adult vision
loss and blindness and early-stage, preventive strate-
gies are important research areas. Leukocyte adhesion

to the diabetic retinal vasculature is presumed to be
the critical early event in the pathogenesis of diabetic
retinopathy [1, 2, 3], resulting in a breakdown in the
blood-retinal barrier and in capillary nonperfusion [1,
4, 5, 6, 7, 8, 9, 10, 11, 12]. In a rat model of diabetic
retinopathy, investigators demonstrated retinal capil-
lary occlusion by neutrophils and monocytes in histo-
logic sections and found that areas of endothelial cell
damage, capillary loss, and leukocyte extravasation
existed adjacent to the static leukocytes [1]. In another
post mortem study of human subjects, increased num-
bers of neutrophils were observed in the choroid and
retina of patients with diabetes [2].



Gliclazide, a second generation sulphonylurea that
has free radical scavenging activity [13, 14, 15, 16], is
widely used for the treatment of Type II (non-insulin-
dependent) diabetes mellitus. It was shown that en-
hanced adhesion of diabetic patients’ monocytes to
cultured bovine aortic endothelial cells was normal-
ized after treating the patients with gliclazide [17]. In
an in vitro study using gliclazide, lower adhesion of
neutrophils to cultured endothelial cells was also
shown [18]. These studies of gliclazide on leukocyte
adhesion suggested a preventive effect of this drug on
diabetic retinopathy.

This study aimed to evaluate quantitatively the ef-
fectiveness of gliclazide treatment on leukocyte en-
trapment in the retinal microcirculation (retinal leuko-
stasis) in diabetes in vivo.

Materials and methods

Animals. All experiments followed the Association for Re-
search in Vision and Ophthalmology (ARVO) Statement for
the Use of Animals in Ophthalmic and Vision Research. Eight-
week-old male Brown Norway rats weighing approximately
170 g (n = 32) were used for this experiment. Rats (n = 24) re-
ceived a single 65 mg/kg intravenous injection of streptozoto-
cin (STZ; Sigma Chemical, St. Louis, Miss., USA) in
10 mmol/l sodium citrate buffer, pH 4.5, after an overnight
fast. Control, non diabetic rats (n = 8) received citrate buffer
alone. We confirmed that the blood glucose concentration in
each rat was over 350 mg/dl 48 h after injection by using a
blood glucose measuring device (Glucocard GT-1640, Arkray,
Kyoto, Kyoto, Japan). All rats had free access to water and
food in an air conditioned room for 3 weeks, after which acri-
dine orange leukocyte fluorography (AOLF) was done. STZ-
induced diabetic rats were divided into an untreated diabetic
group (n = 8), a gliclazide-treated diabetic group (n = 8), and a
glibenclamide-treated diabetic group (n = 8). Non-diabetic rats
were used as a control group (n = 8). Gliclazide was given
orally mixed with food at doses of about 150 mg/kg daily for 
3 weeks, and glibenclamide was given in the same manner at
doses of about 8.6 mg/kg daily for 3 weeks, starting 48 h after
STZ administration.

Acridine orange leukocyte fluorography. Retinal leukostasis
was quantitatively evaluated with AOLF using a scanning laser
ophthalmoscope (SLO; Rodenstock Instruments, Munich, Ba-
varia, Germany) according to the method previously described
[19, 20]. Acridine orange is a dye that emits a green fluores-
cence when it interacts with DNA. An argon blue laser was
used as the illumination source, with a regular emission filter
for fluorescein angiography. The spectral properties of leuko-
cytes stained with acridine orange are similar to those of sodi-
um fluorescein. Using this method, an increase in the density
of static leukocytes was shown in the retinas of STZ-induced
diabetic rats [3, 10]. Retinal leukostasis was evaluated in the
right eye of each rat in each group after a 3-week period of di-
abetes. Immediately before AOLF, the rats were anaesthetized
with pentobarbital (37.5 mg/kg) after aetherization. The pupil
of the right eye was dilated with 0.5% tropicamide and 2.5%
phenylephrine hydrochloride. A contact lens designed for rats
(Unicon, Osaka, Osaka, Japan) was placed on the cornea to
maintain transparency throughout the experiments. Acridine
orange (Wako Pure Chemicals, Osaka, Osaka, Japan) was dis-

solved in sterile saline (1.0 mg/ml), and 3 mg/kg was injected
through the tail vein at a rate of 1 ml/min. A focused image of
the peripapillary fundus of the right eye was obtained with the
SLO. We confirmed the staining of leukocytes with acridine
orange by direct observation of fluorescent leukocyte circula-
tion throughout the retina immediately after the injection. Thir-
ty minutes after the injection, the fundus was evaluated for ret-
inal leukostasis by counting the number of leukocytes adhering
on and extravasating from the endothelium of retinal capillar-
ies. Leukocytes trapped in the retinal microcirculation were
observed as fluorescent dots. The obtained images were stored
on S-VHS videotape in order to replay and evaluate retinal
leukostasis quantitatively. We digitized the video image to 640
horizontal and 480 vertical pixels with an intensity resolution
of 256 steps. To evaluate the extent of retinal leukostasis, we
produced a panoramic photograph from a digital image ob-
tained 30 min after acridine orange injection and counted the
number of leukocytes trapped in the area around the optic disc
measuring three disc diameters in radius (Fig. 1).

Statistical analysis. The data are expressed as means ± SD and
compared by analysis with the Mann-Whitney U test. Differ-
ences were considered statistically significant when p was less
than 0.05.
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Fig. 1A, B. To evaluate retinal leukostasis, we produced a pan-
oramic photograph from a digital image and counted the num-
ber of leukocytes trapped in the area around the optic disc 
(3 disc diameters in radius), 30 min after injection of acridine
orange (A). Retinal leukostasis is observed as fluorescent dots
30 min after acridine orange injection. The arrow indicates a
trapped leukocyte (B)



Results

The blood glucose concentrations of STZ-induced dia-
betic rats were higher than those of control rats 48 h
and 3 weeks after the STZ injection (p < 0.001). There
were no differences of blood glucose concentrations
among the three groups of STZ-induced diabetic rats
(p > 0.7) (Table 1 ).

Fluorescence of circulating leukocytes was ob-
served in the retinal circulation immediately after acri-

dine orange injection. However, the circulating fluo-
rescence disappeared within several minutes and only
the fluorescence of the trapped leukocytes remained in
the retina as distinct fluorescent dots after 30 min
when leukostasis was evaluated (Fig. 2).

Table 2 shows the number of leukocytes trapped in
the area around the optic disc in the four groups of
rats: the non-diabetic control group, the untreated dia-
betic group, the gliclazide-treated diabetic group, and
the glibenclamide-treated diabetic group. In the un-
treated diabetic group, the number of trapped leuko-
cytes (36.9 ± 5.1 cells; n = 8) was increased signifi-
cantly compared with the non-diabetic control group
(21.9 ± 2.9 cells; n = 8; p = 0.0007). Oral administra-
tion of gliclazide resulted in a significant reduction of
leukostasis in the diabetic retina (23.5 ± 4.0 cells; 
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Table 1. Blood glucose concentrations in peripheral blood

Control (n = 8) STZ-induced diabetic rats

No treatment Gliclazide Glibenclamide
(n = 8) (n = 8) (n = 8)

Blood glucose (mg/dl), 101.8 ± 11.0 429.4 ± 28.7a 424.5 ± 31.4a 429.1 ± 34.9a

48 h after STZ injection

Blood glucose (mg/dl), 122.0 ± 7.9 556.0 ± 65.0a 564.9 ± 39.2a 551.6 ± 66.2a

3 weeks after STZ injection

a p < 0.001 compared with control rats at the same time period
Values are means ± SD

Fig. 2A–D. A small number of leukocytes are seen in the con-
trol rats (A). Retinal leukostasis was remarkably increased af-
ter 3 weeks of diabetes in the untreated diabetic rats and glib-
enclamide-treated rats (B, C). Leukostasis decreased remark-
ably in rats treated with gliclazide (D)



n = 8) compared with the untreated diabetic group 
(p = 0.0008). In contrast, oral administration of glib-
enclamide did not reduce leukostasis in the retina sig-
nificantly (37.8 ± 5.8 cells; n = 8) compared with the
untreated diabetic group (p = 0.7923).

Discussion

A number of previous reports have indicated the im-
portance of leukocyte entrapment in the pathogenesis
of diabetic retinopathy [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12] making leukocyte entrapment a therapeutic target
for the prevention of this serious complication of dia-
betes. To date, only in vitro or ex vivo studies have
been done that showed the inhibitory effects of glicl-
azide, a sulphonylurea hypoglycaemic drug, on en-
hanced adhesion of leukocytes to endothelial cells in
high glucose conditions [16, 17, 18]. In this study, we
clearly demonstrated the inhibition of leukostasis in
the diabetic retina in vivo by gliclazide, but not by an-
other sulphonylurea drug, glibenclamide, supporting
these previous in vitro and ex vivo studies [16, 17, 18]
and explaining the observation in the previous clinical
studies [21, 22] in which gliclazide actually showed a
preventive effect on progression of diabetic retinopa-
thy compared with other sulphonylurea drugs in dia-
betic patients.

AOLF used in this study was a simple, newly-es-
tablished technique that is useful for the study of mi-
crocirculation in the retina [3, 7, 10, 19, 20, 23, 24,
25, 26, 27, 28]. Under the SLO, we observed directly
the behaviour of circulating leukocytes in the retina.
After a few minutes, the majority of circulating fluo-
rescent leukocytes disappeared, and rolling cells on
the endothelium also disappeared within the following
20 min. By 30 min after dye injection, when retinal
leukostasis was evaluated in this study, only cells ad-
hering to endothelial cells and extravasating cells
could be visualised. During the preparation of this
manuscript, a similar study on gliclazide employing
the same technique was reported from other laborato-
ry in a meeting abstract [29].

Gliclazide is a member of the class of oral sulpho-
nylurea drugs which lower blood glucose concentra-
tions by stimulating insulin secretion from beta cells

in the pancreas [30]. However, the effect of gliclazide
on leukostasis shown in this study is not attributable
to this principal mechanism of action of the agent, be-
cause the pancreas of STZ-induced diabetic rats is se-
verely damaged and does not respond to any sulpho-
nylurea agent [31] as is shown by the unchanged
blood glucose concentrations of the three groups of
STZ-diabetic rats after treatment with gliclazide or
glibenclamide.

Gliclazide could have certain non-metabolic effects
specifically related to vascular function, which other
sulphonylurea agents might not have [13, 14, 15, 16,
17, 18, 32, 33, 34]. For example, gliclazide was re-
ported to have free-radical scavenging activity [13,
14, 15, 16]. It was shown that gliclazide reduced oxi-
dized low-density lipoprotein (LDL)-induced mono-
cyte adhesion to cultured endothelial cells as well as
vascular cell-mediated LDL oxidation in vitro [16]
and that gliclazide given to patients with Type II dia-
betes inhibits the increased adhesiveness of diabetic
monocytes to cultured endothelial cells [17]. This rad-
ical-scavenging activity could be one of the mecha-
nism of the inhibition of leukostasis observed in this
study, because leukocytes in diabetic animals have
been reported to be more activated [1, 4] and produce
more oxygen-derived free radicals [5, 6], which in-
duce vascular endothelial dysfunction [7, 8, 9]. Recent
studies demonstrated the increased expression of ad-
hesion molecules under diabetic conditions [2, 7, 10,
26, 35]. The interference by gliclazide with the in-
crease in adhesion molecule expression could be an-
other possibility, although it has not been examined in
this study.

In conclusion, we showed that gliclazide attenuated
retinal leukostasis irrespective of hyperglycaemia in
the diabetic rat, whereas glibenclamide did not. This
indicates that gliclazide, among other sulphonylurea
drugs, might be selectively beneficial in preventing
the development of diabetic retinopathy.
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Table 2. Numbers of leukocytes trapped in the area around the optic disc measuring three disc diameters in radius. n = 8 rats per
group

Control STZ-induced diabetic rats

Untreated Gliclazide Glibenclamide

Fluorescent dots 21.9 ± 2.9 36.9 ± 5.1 23.5 ± 4.0 37.8 ± 5.8
(means ± SD)

Statistical p = 0.0007 vs p = 0.0008 vs p = 0.7923 vs 
comparison untreated group untreated group untreated group
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