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Abstract Diabetic retinopathy is a progressive neurological complication of diabetes. Microvascular changes accompany
diabetic retinopathy and may result in blindness. Inflammation has been shown to underlie the pathogenesis of diabetic
retinopathy. We investigated the correlation between inflammatory markers and tissue pathology in diabetic rat eye. We also
tested the role of anti-inflammatory drugs (aspirin) in the prevention of diabetic retinopathy. Ninety male Wistar albino rats
were used in the present study. Rats were equally divided into 3 groups; control group, diabetic (streptozotocin, 50 mg/kg i.p),
and aspirin-treated (ASPIRIN PROTECT, 2 mg/kg/d) diabetic group. All animals were scarified 6 months after the induction
of diabetes. Histology and immunohistochemistry were conducted on the tissues of the rats’ eyes, while vitreous samples
were collected for the measurement of hsCRP, IL-6 and TNF-a. The levels of the measured inflammatory markers were
significantly higher in diabetic rats, and notably correlated to the histo-pathological changes. Treatment with aspirin lowered
the elevated levels of hsCRP, IL-6 and TNF-a with a considerable protective effect on the affected tissues. Our data suggest
the possibility that hsCRP, IL-6 and TNF-a may be a cause of diabetic retinopathy progression and not necessarily a result.
We also concluded that anti-inflammatory drugs which target hsCRP, IL-6 and TNF-a may play a crucial role in the

prevention of diabetic microvascular complications.
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1. Introduction

Diabetic retinopathy (DR) is the most common
microvascular complication of diabetes and the main cause
of blindness in the working-age adults [1]. DR is a
progressive neurological disease which is accompanied by
microvascular changes that may result in vision loss.
Diabetes-induced neuronal cell loss was evident in retinas of
experimental models of DR [2, 3]. The manifestations of DR
are such consequences of the underlying microangiopathy;
thickening of the basement membrane, accelerated apoptosis,
increased permeability, formation of microaneurysms and
transformation into acellular tubes [4, 5]. DR is a
multifactorial complication that may involve a number of
pathological pathways such as inflammation, oxidative stress,
production of advanced glycation products (AGPs) and
activation of protein kinase C (PKC). These pathways in turn
contribute in the production of several inflammatory
mediators and cytokines such as tumor necrosis factor
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(TNF)-a, interleukin (IL)-6, IL-1pB, vascular endothelial
growth factor (VEGF), pigment epithelium-derived or
(PEDF), P-selectin, vascular cellular adhesion molecule
(VCAM)-1 and intracellular adhesion molecule (ICAM)-1
[6-8].

Being inflammatory in nature, DR and chronic
inflammation share several similarities such as increased
pro-inflammatory cytokines and chemokines, cell infiltration,
tissue destruction, neovascularisation and altered vascular
permeability [9]. Inflammation has been shown to underlie
the pathogenesis of DR in experimental animals. However,
the correlation between inflammatory mediators and DR in
humans is quite conflicting [10, 11].

The inflammatory cytokines TNF-a, IL-6 and C-reactive
protein (CRP) has been associated with metabolic syndrome
[12]. TNF-a, a pro-inflammatory cytokine, has been
suggested to contribute to the pathogenesis of DR. TNF-a
has been found to be increased in vitreous of patients with
DR [13], however, others reported the contrary [14]. IL-6 is a
pleiotropic cytokine with a key impact on the pathogeneses
underlying obesity, insulin resistance, B-cell destruction,
type I and type II diabetes [15]. A vast number of
epidemiological, genetic, rodent, and human in vivo and in
vitro studies reported elevated levels of IL-6 in DR and
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highlighted the putative role of IL-6 in the progression of DR
[16-18]. C-reactive protein (CRP) is an inflammatory marker
that has been shown to be involved in atherogenesis,
endothelial dysfunction, macrovascular disorders as well as
non-ocular complications of diabetes [19]. The available

data on the correlation between CRP and DR are inconsistent.

The Hoorn Study reported that DR was associated with
higher CRP levels in diabetic subjects [20]. CRP was not
found to be associated with DR progression by several
researchers [10, 21]. Unexpectedly, DR was associated with
lower CRP levels in diabetic patients [22].

Non-steroidal anti-inflammatory drugs remain an
attractive tool for the prevention and/or treatment of DR.
Diabetic patients receiving high aspirin dose daily have been
shown to be less susceptible to DR [23]. Aspirin inhibited
platelet aggregation and caused retardation of
microaneurysm in patients with DR [24]. Results from the
Early Treatment of Diabetic Retinopathy Study (ETDRS)
and the Wisconsin Epidemiologic Study (WES)
demonstrated that low and intermediate doses of aspirin were
found ineffective in effective in DR [25]. Aspirin inhibited
the diabetes-dependent degeneration of retinal capillaries in
a S-year study of diabetes in dogs [26]. Aspirin inhibits
cyclooxygenase (COX)-1 and thromboxane-A2 at low doses,
while intermediate doses inhibit also (COX)-2 and
prostaglandins (PGs) especially PGE2 [27-29]. At high
doses aspirin exerts a potent anti-inflammatory effect that is
mediated through COX- and prostaglandin-independent
mechanisms involving nuclear factor (NF)-xB [30].

Although the manifestations of diabetes could be found
almost everywhere in the eye, previous work focused mainly
on DR. The aim of the present work was to explore the
effects of streptozotocin-induced diabetes on the rat retina,
choroid, sclera, lens, ciliary body, iris and cornea. We also
demonstrated the effects of aspirin administration on diabetic
eye with correlation to the levels of pro-inflammatory
markers in the rat vitreous body.

2. Materials and Methods

2.1. Animals

Ninety male Wistar albino rats, weighing approximately
200-250 g, were used in the present study. The animals were
fed standard laboratory chow and allowed free access to
water in an air-conditioned room with a 12 hours light-dark
cycle. Animals were kept for 10 days prior to the start of the
study to allow proper acclimatization. Animal care and use
was approved by the University Ethics Committee.

2.2. Induction of Diabetes

Sixty rats received a single intraperitoneal injection of
streptozotocin (50 mg/kg, Sigma, St. Louis, MO, USA) in 10
mM sodium citrate buffer, pH 4.5. Control (non-diabetic)
animals were injected with citrate buffer alone (vehicle). All

the treated animals were selected for the study. Animals with
blood glucose levels greater than 250 mg/dl 24 hours after
the induction were considered diabetic. Both body weight
and blood glucose level were checked regularly on weekly
bases. All animals were scarified 24 weeks after the
induction of diabetes and different parts of the eyes were
prepared for haematoxylin and eosin stain and
immunohistochemistry. Vitreous was collected for the
estimation of TNF-a, IL-6 and hsCRP.

2.3. Aspirin Treatment

Aspirin treatment was started 24 hours after the induction
of diabetes. Confirmed diabetic animals (60 rats) were
equally randomized into two treatment groups receiving
either 2 mg/kg/d aspirin (ASPIRIN PROTECT" 100, Bayer
HealthCare AG, Leverkusen, Germany), or equal volumes of
normal saline (vehicle) orally.

2.4. Haematoxylin and Eosin (Hx & E) Stain

Specimen from the retina, choroid, sclera, ciliary body,
iris, lens and cornea were taken and fixed in 10% formol
saline for 5-7 days. The specimens were washed in tap
water for 10 minutes dehydrated in graded ethanol solutions
(70%, 90% over night and 100% ethanol solution for three
changes one hour each). The specimens were then cleared in
xylene for 20-30 times according to the size of the specimen
(guided by inspection at five minutes intervals). The
specimens were impregnated in soft paraffin wax at
55-60°C for two hours then in hard paraffin wax at room
temperature in moulds. Finally tissue blocks were cut into
section of five microns thickness by using rotator
microtome. Tissue sections were dipped in a warm
water-bath, picked up on clean slides, and placed on hot
plate for two minutes. Finally, tissue sections were stained
with haematoxylin and eosin stain for general architecture
of the studied tissues.

2.5. Immunohistochemistry of Tissue Samples

After dissection of the eye, tissues from the retina,
choroid, sclera, ciliary body, iris, lens and cornea were
immersed in 0.1 M cacodylate buffer pH 7.4 containing 4%
paraformaldehyde and 5% glutaraldehyde for 10 minutes.
Tissues were washed in the same buffer supplemented with
25% sucrose for 5 to 10 minutes, transferred to the same
buffer supplemented with 2% glyoxylic acid and 25%
sucrose for 15 min and quick-frozen in liquid nitrogen.
Cryo-sectioning was performed at -30°C by adjusting the
microtome at 2 to 5 um. Three to five sections per tissue per
animal group were picked up on slides, mounted and fixed
for 20 minutes in 3.5% formaldehyde sodium in PBS (pH
7.2) and rinsed in PBS. Tissue sections were exposed to
CD34 antibodies (Santa Cruz Biotechnology, Santa Cruz,
California, USA) diluted 1:100 for 60 minutes, rinsed in
PBS and incubated with anti-mouse conjugated to
fluorescein diluted 1:300 for 30 minutes. All incubations
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were carried out at room temperature.

2.6. Vitreous Samples Collection

All rats were scarified at 6 months after induction of
diabetes. Immediately after killing both eyes from each rat
were enucleated and placed in ice-cold phosphate-buffered
saline (PBS; pH 7.4). Enucleation was performed with the
use of iris forceps and scissors for separation of the eyes
from the surrounding connective tissue, nerve, and muscles.
The eyes were dried on sterile gauze, and the vitreous fluid
was aspirated with a 0.5-mL insulin syringe and placed on
ice in sterile tubes (Eppendorf) and kept frozen at -80°C
(MAN) for further assessment of TNF-a, IL-6 and hsCRP.

2.7. Determination of TNF-a, IL-6 and CRP

At the end of the study (24 weeks following induction of
diabetes), all the animals were sacrificed and vitreous
samples were collected using a 33-gauge needle for
determination of vitreal TNF-a, IL-6 and hsCRP levels.
ELISA kits (eBioscience, San Diego, California, USA) were
used for the estimation of TNF-a, IL-6 and hsCRP
(eBioscience, San Diego, California, USA) levels in vitreous
body. All measurements were performed with ELISA
automatic optical reader with optical absorbance value of
450 nm (SUNRISE Touchscreen, TECHAN, Salzburg,
Austria).

2.8. Statistical Analysis

Results are expressed as mean + standard error (SE).
Repeated-measures Analysis of Variances (ANOVA) was
used for statistical analysis of the different groups using
Origin® software and the probability of chance (p values). P
values < 0.05 were considered significant.

3. Results

The cornea of the control (C) group (figure 1, upper
panel) demonstrate normal architecture in the form of a
stratified squamous non-keratinized epithelial layer, with
Bowman's membrane underlying the lining epithelium.
Substantia propria (90% of the thickness of the cornea) lied
between Bowman’s membrane and the descement's
membrane (single layer of endothelial cells lying posterior
to the substantia propria. The cornea of diabetic (D) rats
showed abundant large fibroblasts in the substantia propria,
and marked thickening of the descement's membrane.
Several blood capillaries could be seen especially in the
superficial part of substantia propria. The cornea of diabetic
rats treated with aspirin (D+A) showed thickened and
irregular Bowman's membrane and thickened descement's
membrane.

Sections from the iris of the control (C) group (figure 1,
2" panel) showed the iris being covered anteriorly with
simple squamous epithelium, which was continuous with
the corneal epithelium. Posteriorly, the iris was lined by two
layers of epithelium called "pars iridis retina' which were in

continuation with the epithelium of the ciliary body. A layer
of poorly vascularized connective tissue layer separates the
anterior epithelium from a more vascularized layer. The iris
of diabetic (D) rats included a highly vascular connective
tissue stroma. The stroma contained many dilated and
congested blood capillaries, and some were of huge caliber.
The iris of diabetic rats treated with aspirin (D+A) appeared
similar to that of the control (C) rats to a great extent.

The ciliary body of the control (C) group (figure 1, 3™
panel) consisted of bundles of smooth muscle of different
orientation. The muscle groups were present in connective
tissue stroma containing blood vessels and connective tissue
cells. The ciliary body formed several processes covered
with double layers of cuboidal epithelial cells. The ciliary
body of the diabetic (D) group showed sub-epithelial
numerous dilated and congested blood vessels. The
connective tissue was markedly fibrous (type III collagen
fibers) when compared to the control group. The ciliary
body of the aspirin treated diabetic group (D+A) showed
fewer and less congested capillaries. The connective tissue
was less fibrous when compared to the diabetic group.

Specimens from the lens of the control (C) rats (figure 1,
lower panel) appeared of normal structure. A homogenous
structure-less membrane (lens capsule) enclosed the lens.
The anterior surface of the lens is thicker than the posterior
surface. Under the capsule there was a single layer of cells
on the interior surface, which was thicker at the equator of
the lens. At the sides of the lens the epithelium transformed
into lens fibers which formed the main substance of the lens.
No cells were present on the posterior pole of the lens. The
lens of the diabetic (D) rats showed degenerative changes in
the lens capsular cells which appeared pale with unclear
cytoplasm. The lens of the diabetic rats treated by aspirin
(D+A) showed more homogenous lens fibers with less
degenerative changes.

Histopatholocical study of the choroid and retina of the
control (C), diabetic (D) and aspirin treated diabetic (D+A)
rats, revealed beneficial effect of aspirin treatment. In the
control (C) group, the choroid is thin, highly vascular and
could be found immediately beneath the sclera (figure 2, C).
The choroid consists of 3 layers; epichoroid, vessel layer
(stroma containing one layer of blood vessels), and
chorio-capillaries (single layer of blood capillaries
underneath the retina). The choroid was separated from the
retina by the Bruch's (glassy) membrane. The retina
consisted of a single layer of cuboidal epithelial cells (the
pigmented epithelium), and several alternating layers of
fibers and nerve cells. All the retinal layers were avascular.
The choroid of the diabetic rat (figure 2, D) showed marked
increase in vascularity, especially in the chorio-capillaries
layer which contained abundant dilated congested
capillaries which sometimes appeared ballooned. The
pigmented epithelial cells appeared more flattened with
flattened few nuclei. The retina showed few dilated
capillaries especially within the deep layers. The choroids
and retina of the aspirin treated diabetic rats (D+A) (figure
2, D+A) revealed significant decrease in the vascularity
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when compared to the diabetic group. the cornea, iris and ciliary body of the aspirin treated
Immunohistochemical results supported the diabetic rats (D+A) showed substantially less positive

histopatholigical findings. Figure 3 shows specimen from staining with the CD34 antibody when compared to the

the cornea (upper panel) iris (middle panel) and ciliary body  diabetic (D) group.

(lower panel), stained with CD34 antibody. Sections from
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Figure 1. Aspirin improves diabetes-induced ocular tissue changes. Photomicrograph of sections from the cornea (upper panel), iris (2" panel), ciliary
body (3" panel) and lens (lower panel) from control (C), diabetic (D) and aspirin treated diabetic (D+A) rats. (Hx & E X 200, number of rats 30/group)
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Figure 2. Aspirin decreases vascularity of the choroid and retina of diabetic rat. Photomicrograph of a section of the choroid and retina of control (C),
diabetic (D) and aspirin treated diabetic (D+A) rats. (Hx & E X 400, number of rats 30/group)
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In the present study, the vitreal level of hsCRP (high
sensitive C reactive protein) was significantly higher (p <
0.05) in the diabetic (D) group when compared to the
control (C) group (82.4 £ 9.14 and 6.92 + 1.25 ng/ml
respectively). The hsCRP level in the vitreous of the aspirin

eauJlod
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treated diabetic (D+A) group (62.3 + 4.1 ng/ml), was
significantly lower (p < 0.05) when compared to the
diabetic (D) group, however, it was still significantly higher
(p < 0.05) when compared to the control (C) group (figure 4

Figure 3. Aspirin attenuates diabetes-induced neovascularisation. Photomicrograph of sections from the cornea (upper panel), iris (middle panel) and
ciliary body (lower panel) from diabetic (D) and aspirin treated diabetic (D+A) rats stained with CD34 antibody. Sections from aspirin treated rats showed

less positive staining with CD34 antibody. (X 200, number of rats 30/group)
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Figure 4. Aspirin reduces vitreal levels of hsCRP, IL-6 and TNF-a in diabetic rats.
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A hs(high sensitive)CRP level in the vitreous of control (white

column), diabetic (black column) and aspirin treated diabetic (grey column) groups. B IL-6 level in the vitreous of control (white column), diabetic (black
column) and aspirin treated diabetic (grey column) groups. C TNF-a level in the vitreous of control (white column), diabetic (black column) and aspirin
treated diabetic (grey column) groups * Significant when compared to the control group, ® Significant when compared to the diabetic group. (Significant =

p < 0.05, number of rats 30/group)

It was also demonstrated in this work that the vitreal level
of IL-6 was significantly higher (p < 0.05) in the diabetic (D)
group when compared to the control (C) group (1003 =+
75.19 and 95.42 + 12.72 pg/ml respectively). The IL-6 level
in the vitreous of the aspirin treated diabetic (D+A) group
(140.8 + 34.35 pg/ml), was significantly lower (p < 0.05)
when compared to the diabetic (D) group, while it was
insignificant when compared to the control (C) group
(figure 4 B).

Similar to the IL-6 results, the vitreal level of TNF-o was
significantly higher (p < 0.05) in the diabetic (D) group
when compared to the control (C) group (25.1 £ 6.65 and
8.24 + 1.16 pg/ml respectively). Vitreal level of TNF-a in
the aspirin treated diabetic (D+A) group (10.7 + 1.77 pg/ml),
was significantly lower (p < 0.05) when compared to the
diabetic (D) group, while it was altered insignificantly when
compared to the control (C) group (figure 4 C).

4. Discussion

The prevalence of adult-onset diabetes mellitus is
expected to rise from 171 million in 2000 to 366 million in
2030. This will dramatically oblige a human and economic

cost on societies [31]. Diabetic retinopathy is the leading
cause of vision loss in working age adults, with
vision-threatening incidence of 10% of people with diabetes
[32]. The cost of diabetic care in the USA in 2010 was
estimated to be $116 billion direct and $85 billion indirect
costs, while in 2012 the estimated cost in the UK was £9.8
billion direct and £13.8 billion indirect costs [31, 33]. The
major risk factor the progression of DR is the duration of
diabetes. Microvascular changes precede DR progression.
The earliest recognizable changes include death of pericytes,
thickening of basement membrane, capillary occlusion and
neovascularisation. Later changes result from the
involvement of large vessels with subsequent release of
vasoactive cytokines [34].

Ample effort has been done to identify drugs that can
prevent DR, aspirin has been investigated a number of times
in this context. Data available may appear inconsistent albeit
aspirin remains worthy of study within growing information.

Manifestations of diabetes in the eye could be
demonstrated in almost every part of the anterior or posterior
segments. However, most available data have stressed
mainly on retinal affection. Diabetes can influence virtually
all eye tissues with subsequent deterioration of sightedness.
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The corneal changes in diabetes include keratitis, corneal
erosions and epithelial defects. Most importantly, other
significant changes, such as increased corneal thickening and
corneal oedema, are not correlated to epithelial damage and
suggest corneal endothelial dysfunctioning [35]. Iris atrophy,
rubiosis iridis, uveitis and glucaoma are exacerbated in
diabetic patients [36]. We have shown that aspirin had
insignificant effect on the diabetes-induced corneal changes,
i.e. thickened Descmet’s and Bowman’s membranes, and
dilated subepithelial capillaries (figure 1, upper panel).
Nevertheless, aspirin  administration  averted  the
diabetes-dependent histological changes in the iris. Those
included the increased stromal vascularity and the dilatation
and congestion of the blood capillaries (figure 1, 2™ panel).
Aspirin had also attenuated the pathological change in the rat
eye ciliary body which included decreasing the number of
dilated congested subepithelial capillaries, and reducing the
connective tissue fibrous component (figure 1, 3 panel).

In the present study, we showed that diabetes caused
degenerative changes in the rat lens (figure 1, lower panel).
The use of aspirin, however, rescued the rat lens from
diabetes-induced lens changes. When taken altogether,
aspirin could be considered to prevent or at least attenuate
the alteration of the refractive state of the eye that
accompanies diabetes. In this work aspirin reduced the
thickening of the corneal and lens membranes (and thus
curvature), attenuated the vascular changes in the iris and
ciliary body, and inhibited fibroblasts infiltration. These
findings are quite promising in the context of delaying the
onset of visual acuity affection commonly seen in diabetic
patients.

Our findings from the sections in the choroid and the
retina were consistent with those seen in the anterior segment
of the eye. In the diabetic rat eye, the choroid showed marked
increase in the vascularity especially in the chorio-capillaries
layer. Numerous and markedly dilated capillaries could be
seen. Increased vascularity was also evident in the deep
layers of the retina. The pigmented epithelial cell layer of the
retina shoed flattened cells. Interestingly, aspirin decreased
the vascularity of the choroid and the deep layers of the
retina (figure 2). Our findings were further assessed by
immunohistochemical studies using rat CD34 monoclonal
antibody (figure 3). Diabetes induced neovascularisation and
affection of endothelial cells and blood capillaries (were
attenuated by aspirin treatment.

Inflammation is a nonspecific response to injury that
includes a plethora of functional and molecular
intermediaries. Typically, on an acute basis inflammation
has favourable effects. However, inflammation comprises
undesirable effects if  persisting chronically.
Proinflammatory proteins such as COX-2, interleukin-1,
TNF-a, can contribute to cell damage and death in different
tissues including the retina [37, 38]. Increased levels of
inflammatory and angiogenic factors in the vitreous of
diabetic patients could be a result of the breakdown of the
blood-retinal barrier leading to raised levels of inflammatory
and angiogenic factors [39]. A second possibility is the

expression of inflammatory intermediaries by cells within
the vitreous fluid, such as macrophages, monocytes, glial
cells, and retinal pigment epithelial cells [40]. Retinal
ischemia may cause hypoxia which in turn increases the
expression of inflammatory mediators as shown in
ischemia-reperfusion model [41].

Considerable data support the role of C-reactive protein
(CRP) as risk factor for diabetes and macrovascular diseases
including cardiovascular disorders. CRP has also been
associated with polypoidal vascular vasculopathy,
age-related macular oedema and microvascular diabetic
complications including DR [22]. CRP was proposed to be a
possible direct mediator of the disease process, because of its
numerous proatherogenic effects on vascular cells [42]. In
the present work the level of CRP in the vitreous of the
diabetic rat eye was elevated significantly when compared to
the corresponding values in the control and diabetic rats
receiving aspirin (figure 4A). Our results were in agreement
with several studies which reported elevated CRP levels in
the serum of type I (T1DM) and type II (T2DM) diabetic
patients [43].

IL-6 is a pro- as well as anti-inflammatory cytokine. We
have shown here that IL-6 level in the vitreous fluid of
diabetic rats was significantly increase when compared to the
control as well as the diabetic group treated with aspirin
(figure 4B). Elevated serum levels [44], as well as
intravetreal levels [45] of IL-6 have been reported in diabetic
patients with retinopathy compared with those without
retinopathy. The IL-6 vitreous/serum ratio in diabetic
patients was high suggesting intraocular increased
production of the inflammatory cytokine [14]. IL-6
expression was increased in diabetic rat retinas [46].

TNF-a is implicated in the early inflammatory changes
seen in the diabetic retina. Astrocytes and Muller cells are
potential source of TNF-a [47]. TNF-a is a pro-inflammatory
cytokine that is involved in the breakdown of the blood
retinal barrier (BRB) breakdown by opening of the tight
junctions between retinal vascular endothelial, and therefore,
participating in the pathogenesis of diabetes [48]. Our results
demonstrated a significant increase in vitreous level of
TNF-a in vitreous of diabetic rats when compared to the
corresponding values in the control group. Asprin treatment
lowered the elevated TNF-a level (figure 4C). Our results are
in agreement with other reports indicating that the level of
TNF-a is increased in patients with DR [49].

5. Conclusions

In conclusion we report that IL-6, TNF-a and hsCRP
levels were increased in the vitreous of diabetic rats. We also
report a correlation between the pathological finding in the
tissues from the retina, ciliary body, iris, cornea and the lens
and the levels of IL-6, TNF-a and CRP. Our data suggest the
possibility that IL-6, TNF-o and CRP may be a cause of DR
progression and not necessarily a result, thus drugs that
target IL-6, TNF-a and CRP including aspirin may play a
crucial role in the prevention of diabetic microvascular
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complications.

AKNOWLEGMENTS

Authors wish to thank Alazhar-Assiut Branch and
Menoufia universities for providing all required facilities.

REFRENCES

(1]

(2]

(3]

[10]

(1]

[12]

[13]

Robinson, R., Barathi, V.A., Chaurasia, S.S., Wong, T.Y. &
Kern, T.S. (2012). Update on animal models of diabetic
retinopathy: from molecular approaches to mice and higher
mammals. Dis Model Mech, 5, 444-56.

Ozawa, Y., Kurihara, T., Sasaki, M., Ban, N., Yuki, K.,
Kubota, S. & Tsubota, K (2011). Neural degeneration in the
retina of the streptozotocin-induced type 1 diabetes model.
Exp Diabetes Res, 2011, 108328.

Yang, Y., Mao, D., Chen, X., Zhao, L., Tian, Q., Liu, C. &
Zhou, B.L. Decrease in retinal neuronal cells in
streptozotocin-induced diabetic mice. Mol Vis, 18, 1411-20.

Mizutani, M., Kern, T.S. & Lorenzi, M. (1996). Accelerated
death of retinal microvascular cells in human and
experimental diabetic retinopathy. J Clin Invest, 97, 2883-90.

Roy, S., Maiello, M. & Lorenzi, M. (1994). Increased
expression of basement membrane collagen in human
diabetic retinopathy. J Clin Invest, 93, 438-42.

Barber, A.J., Gardner, T.W. & Abcouwer, S.F. (2011). The
significance of vascular and neural apoptosis to the pathology
of diabetic retinopathy. Invest Ophthalmol Vis Sci, 52,
1156-63.

Cheung, N., Mitchell, P. & Wong, T.Y. (2010). Diabetic
retinopathy. Lancet, 376, 124-36.

Mohamed, I.N., Soliman, S.A., Alhusban, A., Matragoon, S.,
Pillai, B.A., Elmarkaby, A.A. & El-Remessy, A.B. (2012).
Diabetes exacerbates retinal oxidative stress, inflammation,
and microvascular  degeneration in  spontaneously
hypertensive rats. Mol Vis, 18, 1457-66.

Wirostko, B., Wong, T.Y. & Simo, R. (2008). Vascular
endothelial growth factor and diabetic complications. Prog
Retin Eye Res, 27, 608-21.

Nguyen, T.T., Alibrahim, E., Islam, F.M., Klein, R., Klein,
B.E., Cotch, M.F., Shea, S. & Wong, T.Y. (2009).
Inflammatory, hemostatic, and other novel biomarkers for
diabetic retinopathy: the multi-ethnic study of atherosclerosis.
Diabetes Care, 32, 1704-9.

Tang, J. & Kern, T.S. (2011). Inflammation in diabetic
retinopathy. Prog Retin Eye Res, 30, 343-58.

Zubair, M., Malik, A. & Ahmad, J. (2012). Plasma
adiponectin, IL-6, hsCRP, and TNF-alpha levels in subject
with diabetic foot and their correlation with clinical variables
in a North Indian tertiary care hospital. Indian J Endocrinol
Metab, 16, 769-76.

Limb, G.A., Soomro, H., Janikoun, S., Hollifield, R.D. &

[14]

(18]

[19]

(20]

(21]

(22]

Shilling, J. (1999). Evidence for control of tumour necrosis
factor-alpha (TNF-alpha) activity by TNF receptors in
patients with proliferative diabetic retinopathy. Clin Exp
Immunol, 115, 409-14.

Gustavsson, C., Agardh, C.D. & Agardh, E. (2012). Profile of
intraocular tumour necrosis factor-alpha and interleukin-6 in
diabetic subjects with different degrees of diabetic
retinopathy. Acta Ophthalmol.

Kristiansen, O.P. & Mandrup-Poulsen, T. (2005).
Interleukin-6 and diabetes: the good, the bad, or the
indifferent? Diabetes, 54 Suppl 2, S114-24.

Koskela, U.E., Kuusisto, S.M., Nissinen, A.E., Savolainen,
M.J. & Liinamaa, M.J. (2012). High Vitreous Concentration
of IL-6 and IL-8, but Not of Adhesion Molecules in Relation
to Plasma Concentrations in Proliferative Diabetic
Retinopathy. Ophthalmic Res, 49, 108-114.

Pfister, M., Koch, F.H., Cinatl, J., Rothweiler, F., Schubert,
R., Singh, P., Ackermann, H. & Koss, M.J. (2013). Cytokine
determination from vitreous samples in retinal vascular
diseases. Ophthalmologe, 110, 746-54.

Zhou, J., Wang, S. & Xia, X. (2012). Role of intravitreal
inflammatory cytokines and angiogenic factors in
proliferative diabetic retinopathy. Curr Eye Res, 37, 416-20.

Jager, A., van Hinsbergh, V.W., Kostense, P.J., Emeis, J.J.,
Nijpels, G., Dekker, J.M., Heine, R.J., Bouter, LM. &
Stehouwer, C.D. (2002). C-reactive protein and soluble
vascular cell adhesion molecule-1 are associated with
elevated urinary albumin excretion but do not explain its link
with cardiovascular risk. Arterioscler Thromb Vasc Biol, 22,
593-8.

van Hecke, M.V., Dekker, J.M., Nijpels, G., Moll, A.C.,
Heine, R.J., Bouter, L.M., Polak, B.C. & Stehouwer, C.D.
(2005). Inflammation and endothelial dysfunction are
associated with retinopathy: the Hoorn Study. Diabetologia,
48, 1300-6.

Le, D.S., Miles, R., Savage, P.J., Cornell, E., Tracy, R.P.,
Knowler, W.C. & Krakoff, J. (2008). The association of
plasma fibrinogen concentration with diabetic microvascular
complications in young adults with early-onset of type 2
diabetes. Diabetes Res Clin Pract, 82, 317-23.

Lim, L.S., Tai, E.S., Mitchell, P., Wang, J.J., Tay, W.T.,
Lamoureux, E. & Wong, T.Y. (2010). C-reactive protein,
body mass index, and diabetic retinopathy. Invest Ophthalmol
Vis Sci, 51, 4458-63.

Powell, E.D. & Field, R.A. (1964). Diabetic Retinopathy and
Rheumatoid Arthritis. Lancet, 2, 17-8.

Khosla, P.K., Seth, V., Tiwari, H.K. & Saraya, A.K. (1982).
Effect of aspirin on platelet aggregation in diabetes mellitus.
Diabetologia, 23, 104-7.

Weissmann, G. (1991). Aspirin. Sci Am, 264, 84-90.

Kern, T.S. & Engerman, R.L. (2001). Pharmacological
inhibition of diabetic retinopathy: aminoguanidine and
aspirin. Diabetes, 50, 1636-42.

Lecomte, M., Laneuville, O., Ji, C., DeWitt, D.L. & Smith,
W.L. (1994). Acetylation of human prostaglandin
endoperoxide synthase-2 (cyclooxygenase-2) by aspirin. J
Biol Chem, 269, 13207-15.



[34]

[35]

[36]

[37]

[38]

[39]

[40]

International Journal of Diabetes Research 2014, 3(4): 56-65

Smith, W.L., DeWitt, D.L. & Shimokawa, T. (1991). The
aspirin and heme binding sites of PGG/H synthase. Adv
Prostaglandin Thromboxane Leukot Res, 21A, 77-80.

Wells, I. & Marnett, L.J. (1992). Acetylation of prostaglandin
endoperoxide synthase by N-acetylimidazole: comparison to
acetylation by aspirin. Biochemistry, 31, 9520-5.

Tegeder, 1., Pfeilschifter, J. & Geisslinger, G. (2001).
Cyclooxygenase-independent actions of cyclooxygenase
inhibitors. Faseb J, 15, 2057-72.

Rayman, G. & Kilvert, A. (2012). The crisis in diabetes care
in England. Bmj, 345, e5446.

Wild, S., Roglic, G., Green, A., Sicree, R. & King, H. (2004).
Global prevalence of diabetes: estimates for the year 2000 and
projections for 2030. Diabetes Care, 27, 1047-53.

Dallmeier, D., Larson, M.G., Wang, N., Fontes, J.D.,
Benjamin, E.J. & Fox, C.S. (2012). Addition of inflammatory
biomarkers did not improve diabetes prediction in the
community: the framingham heart study. J Am Heart Assoc, 1,
¢000869.

Kohner, E.M. (2003). Aspirin for diabetic retinopathy. Bmyj,
327, 1060-1.

Inoue, K., Kato, S., Inoue, Y., Amano, S. & Oshika, T. (2002).
The corneal endothelium and thickness in type II diabetes
mellitus. Jpn J Ophthalmol, 46, 65-9.

Mitchell, P., Smith, W., Chey, T. & Healey, P.R. (1997).
Open-angle glaucoma and diabetes: the Blue Mountains eye
study, Australia. Ophthalmology, 104, 712-8.

Kern, T.S. (2007). Contributions of inflammatory processes
to the development of the early stages of diabetic retinopathy.
Exp Diabetes Res, 2007, 95103.

Kowluru, R.A., Mohammad, G., Santos, J.M., Tewari, S. &
Zhong, Q. (2011). Interleukin-lbeta and mitochondria
damage, and the development of diabetic retinopathy. J Ocul
Biol Dis Infor, 4, 3-9.

Yoshida, S., Yoshida, A. & Ishibashi, T. (2004). Induction of
IL-8, MCP-1, and bFGF by TNF-alpha in retinal glial cells:
implications  for retinal neovascularization during
post-ischemic inflammation. Graefes Arch Clin Exp
Ophthalmol, 242, 409-13.

Malecaze, F., Clamens, S., Simorre-Pinatel, V., Mathis, A.,

[42]

[44]

[47]

(48]

65

Chollet, P., Favard, C., Bayard, F. & Plouet, J. (1994).
Detection of vascular endothelial growth factor messenger
RNA and vascular endothelial growth factor-like activity in
proliferative diabetic retinopathy. Arch Ophthalmol, 112,
1476-82.

Meleth, A.D., Agron, E., Chan, C.C., Reed, G.F., Arora, K.,
Byrnes, G., Csaky, K.G., Ferris, F.L., 3rd & Chew, E.Y.
(2005). Serum inflammatory markers in diabetic retinopathy.
Invest Ophthalmol Vis Sci, 46, 4295-301.

Devaraj, S., Kumaresan, P.R. & Jialal, I. (2011). C-reactive
protein induces release of both endothelial microparticles and
circulating endothelial cells in vitro and in vivo: further
evidence of endothelial dysfunction. Clin Chem, 57, 1757-61.

Sarangi, R., Padhi, S., Mohapatra, S., Swain, S., Padhy, R.K.,
Mandal, M.K., Patro, S.K. & Kumar, S. (2012). Serum high
sensitivity C-reactive protein, nitric oxide metabolites,
plasma fibrinogen, and lipid parameters in Indian type 2
diabetic males. Diabetes Metab Syndr, 6, 9-14.

Lee, J.H., Lee, W., Kwon, O.H., Kim, J.H., Kwon, O.W., Kim,
K.H. & Lim, J.B. (2008). Cytokine profile of peripheral blood
in type 2 diabetes mellitus patients with diabetic retinopathy.
Ann Clin Lab Sci, 38, 361-7.

Funatsu, H., Noma, H., Mimura, T., Eguchi, S. & Hori, S.
(2009). Association of vitreous inflammatory factors with
diabetic macular edema. Ophthalmology, 116, 73-9.

Gustavsson, C., Agardh, C.D., Hagert, P. & Agardh, E.
(2008). Inflammatory markers in nondiabetic and diabetic rat
retinas exposed to ischemia followed by reperfusion. Retina,
28, 645-52.

Wang, J., Xu, X., Elliott, M.H., Zhu, M. & Le, Y.Z. (2010).
Muller cell-derived VEGF is essential for diabetes-induced
retinal inflammation and vascular leakage. Diabetes, 59,
2297-305.

Joussen, A.M., Poulaki, V., Mitsiades, N., Kirchhof, B.,
Koizumi, K., Dohmen, S. & Adamis, A.P. (2002).
Nonsteroidal anti-inflammatory drugs prevent early diabetic
retinopathy via TNF-alpha suppression. Faseb J, 16, 438-40.

Zykova, S.N., Svartberg, J., Seljelid, R., Iversen, H., Lund, A.,
Svistounov, D.N. & Jenssen, T.G. (2004). Release of
TNF-alpha from in vitro-stimulated monocytes is negatively
associated with serum levels of apolipoprotein B in patients
with type 2 diabetes. Scand J Immunol, 60, 535-42.



	1. Introduction
	2. Materials and Methods
	3. Results
	4. Discussion
	5. Conclusions
	AKNOWLEGMENTS

