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Abstract Diabetic retinopathy (DR) is one of the major

causes of blindness all over the world. According to the

previous studies, impaired glucose tolerance (IGT) has

been linked to retinal dysfunction/vascular damage.

Decreased retinal function is an initial event of early DR.

Although the biochemical and molecular events are not

fully understood, glial activation, angiogenesis and oxida-

tive stress are some of the pathways associated with early

retinal abnormalities. Since IGT is associated with devel-

opment of retinal dysfunction/vascular damage; as a pre-

ventive strategy, we have studied beneficial effect of

Cinnamon as a hypoglycaemic agent on long-term IGT

induced retinal abnormalities using neonatal streptozotocin

(nSTZ) rat model. Control, IGT rats were maintained on

AIN-93M diet alone and another set of IGT rats were

maintained on AIN-93M diet with 3% Cinnamon for

8 months. At the end of the study, untreated IGT rats

developed retinal functional abnormalities as assessed by

electroretinogram (ERG) and the retinal structure did not

alter as assessed by H&E staining. Further, increase in

expressions of GFAP, VEGF and decreased expression of

rhodopsin in untreated IGT rat retinas. 4-HNE, a marker of

oxidative stress was also elevated in IGT state. Supple-

mentation of Cinnamon to IGT rats had lowered fasting

and postprandial glucose levels and also prevented retinal

functional abnormalities. Further, Cinnamon protected

photoreceptor cell damage, suppressed glial activation,

angiogenesis and oxidative stress as there was an improved

rhodopsin expression, inhibited elevated expressions of

GFAP, VEGF and 4-HNE respectively. In conclusion,

Cinnamon attenuated IGT induced retinal abnormalities

probably through its hypoglycemic property.
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Introduction

Diabetic Retinopathy (DR) is one of the major microvas-

cular complications of diabetes and the principal cause of

extreme vision impairment in working-age adults [1].

Although duration of diabetes and severity of hyper-

glycemia are majorly known to contribute for onset of DR

[2], some of the evidences have shown that even impaired

glucose tolerance (IGT) or modest elevations in plasma

glucose (impaired fasting glucose or IFG) level have been

linked to retinal dysfunction/vascular damage or retinopa-

thy [3–5]. In addition, higher postprandial blood glucose is

one of the independent risk factors for DR [5, 6]. Reduction

or loss of visual function is common feature of DR which

also observed in IGT subjects [7].

Loss of retinal function has been associated with early

stage of DR and photoreceptor degeneration [8, 9] which is

further associated with a decrease of rhodopsin, a rod

specific protein in the retina [10, 11]. Müller cells; the

primary glial cell type plays an important role in main-

taining retinal function and health. Elevated expression of

GFAP in muller cells has been associated with retinal

injury [12] and retinal degeneration [10, 13]. VEGF is an
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angiogenic molecule elevated in variety of stress condi-

tions and play an important role in various eye diseases

including DR [14], retinal degeneration [10, 11] which are

associated with oxidative stress [14, 15].

Management of IGT/IFG or prediabetes and their com-

plications could be possible with appropriate preventive

strategies. Several studies reported as a review on plant or

dietary based supplements especially spices to explore their

beneficial effects for management of prediabetes and dia-

betes [16]. Cinnamon (Cin) is one of the spices used

worldwide including India and it has been used in tradi-

tional medicine for centuries. Cinnamon and its aqueous

extracts are well known for their hypoglycemic and post-

prandial glucose lowering effects in diabetic [17, 18] and

healthy volunteers [19] and also in experimental models

[20]. Earlier we studied the anticataractogenic effect of

cinnamon in type-1 diabetic rat model [21]. However,

beneficial effects of Cinnamon on IGT induced complica-

tions especially retinal abnormalities have not been

attempted. Thus, the aim of the present study was to

investigate the protective role of Cinnamon on IGT

induced retinal abnormalities in nSTZ rat model.

Materials and Methods

Materials

Streptozotocin (STZ), TRI-reagent, HRP conjugated anti-

mouse (A9044) and anti-rabbit (A6154) secondary anti-

bodies were purchased from Sigma Chemical Company

(St. Louis, USA); VEGF (PA547021), GFAP (PA3-16727),

Rhodopsin (MA1-722), Beta actin (MA 1-91399) primary

antibodies and HRP conjugated anti-goat (A24452) sec-

ondary antibodies were obtained from Thermo Scientific,

USA; 4-Hydroxynonenal (4-HNE) primary antibody

(Ab46545) was purchased from Abcam, USA; Alexafluor-

488 conjugated anti-rabbit, Alexafluor-555 conjugated

anti-mouse and Alexafluor-594 conjugated anti-goat anti-

bodies were obtained from Molecular Probes (Eugene, OR,

USA); SYBR Green Master Mix was obtained from

Applied Biosystems, Warrington, UK, and all other regular

chemicals were AR grade and procured from local com-

panies. Cellulose, vitamin and mineral mixture were

obtained from MP Biomedicals, California, USA.

Preparation of Cinnamon Powder

Fresh Cinnamon was obtained from the neighbourhood

market and powdered. The Cinnamon powder was then

combined with the AIN-93M diet.

Induction of IGT and Dietary Regimen

IGT was induced in Sprague–Dawley (SD) rat pups as

described earlier [22] and the same is given in the

flowchart (Fig. 1). We have followed the individual preg-

nant rats for their delivery time and date. The delivered

mothers (n = 7) along with pups (n = 35) were obtained

from the National Center for Laboratory Animal Sciences,

National Institute of Nutrition, Hyderabad and maintained

in the individual cages on the stock diet. After 48-h of the

delivery, a set of male pups (n = 26) were injected with

STZ at a dose of 90 mg/kg and the pups were maintained

with their respective mothers (4–6 male pups/mother; 5

mothers). Control group pups (n = 9; 4–5 male pups/-

mother; 2 mothers) received equal volume of citrate buffer

and kept with their respective mothers. After 21 days, all

the pups (control and STZ injected) were weaned and

maintained on AIN-93G diet in an individual cages for

2 months. At the end of 2 months, oral glucose tolerance

test (OGTT) was conducted in control and STZ injected

animals. Control rats were maintained on AIN-93M diet.

STZ injected rats with 2 h OGTT glucose levels equal or

more than 140 mg/dL were considered as IGT and further

divided into two groups; untreated IGT (n = 12) rats

maintained on the AIN-93M diet and another IGT group

(n = 12) maintained on a AIN-93M diet containing 3%

Cinnamon (IGT ? Cin) for a period of eight months.

These animals were maintained at a temperature of

22 ± 2 �C, 50% humidity, and 12-h light/dark cycle. Food

intake (daily) and bodyweights (monthly) were recorded.

Fasting and postprandial glucose levels were monitored

every 2 months using a glucometer (One Touch Horizon).

Animal Care

All experimental protocols concerning animals were

approved by the Institutional Animal Ethical Committee

(IAEC) of the National Institute of Nutrition (P29/IAEC/

NIN/2012/7/PS/Rats-SD/Male-81). We adhered to the

ARVO Statement for the use of Animals in Ophthalmic

and Vision research.

Oral glucose Tolerance Test (OGTT)

OGTT was conducted at second and tenth month after STZ

injection on overnight fasted rats by administering glucose

orally as a bolus, at a dose of 2.0 g kg-1 of body weight.

Blood samples were collected at 0, 30, 60, and 120-min

intervals for estimating plasma insulin and glucose con-

centrations to assess insulin resistance and IGT.
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Plasma Glucose and Insulin

Plasma glucose and insulin levels were estimated using the

GOD-POD method (Ozone Biomedicals Pvt. Ltd., India)

and an ELISA kit (Mercodia, Sweden), respectively as per

the manufacturer’s instructions.

Homeostasis Model Assessment (HOMA)

Insulin resistance index was calculated by homeostasis

model assessment (HOMA) as described earlier for rats

[22].

Electroretinography (ERG)

Animals were dark-adapted for 10–12 h and anesthetized

under dim red light illumination. ERG-positive electrode

was placed on the cornea of the eye, reference electrode on

the ear and a ground electrode on a tail. Pupils were dilated

with atropine eye drops 15 min before recording of ERG.

Standard ERG was performed by a UTAS Visual Diag-

nostic System as described earlier [23]. Scotopic and

photopic responses were recorded using a series of flash

stimuli of - 3.0 to 1.19 log cd-s/m2 using dim white LED

with Ganzfeld (BigShot) (LKC Technologies; Gaithers-

burg, MD, USA). For photopic ERGs, animals were light-

adapted for 10 min before photopic recordings. Responses

were amplified with UBA-4204 amplifier and analyzed.

We used the same photopic and scotopic amplitudes

recorded between 0.19 and 1.19 log cd-s/m2 for calculation

of Oscillatory potentials (OPs).

Quantitative Real-Time PCR (qRT-PCR)

At the end of the study, all animals were sacrificed and

retinas were collected from a set of eye balls and frozen in

the liquid nitrogen. Total RNA was extracted from the

whole frozen retinas (2–3 retinas from each group) by TRI

reagent. The isolated RNA was purified using the RNeasy

mini kit (Qiagen). The concentration of total RNA was

quantified by measuring the absorbance at 260 nm and

280 nm using Nanodrop spectrophotometer (ND1000) and

the integrity was checked by running the RNA samples on

denaturing MOPS-Formaldehyde gel. Known quantity

(5 lg) of RNA was immediately subjected to reverse

transcriptase using cDNA Synthesis Kit (bioline).

qRT-PCR was performed using 25 ng of cDNA template

and SYBR green master mix by real-time PCR (ABI 7500)

using the following gene specific primers: b-Actin forward

50-gagaagagctatgagctgcc-30, b-Actin reverse 50-ctcaggag-
gagcaatgatct-30, GFAP forward 50-tttctccaacctccagatcc-30,
GFAP reverse 50-agctttaggccctcacactg-30, Rhodopsin

forward 50-cttcttgatctgctggcttc-30, Rhodopsin reverse

50-acagtgtctggccaggctta-30 VEGF forward 50- tcaccaaa

gccagcacatag- 30, VEGF reverse 50-gggagtctgtgtttttgcag-30.
The specificity of products generated for each set of pri-

mers was examined for each fragment with the use of a

melting curve analysis at the end of the run. The relative

expression of each targeted gene was normalized by

Fig. 1 Schematic

representation of the experiment
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subtracting the corresponding beta-actin threshold cycle

(CT) values by using the DDCT values. A total of three

samples for each group were used, and each sample was

run in triplicate for real-time PCR.

Histology and Immunohistochemistry (IHC)

Another set of eyeballs from each group were kept for

overnight in 20 mM phosphate buffer (pH, 7.2) containing

4% paraformaldehyde. These eyeballs were embedded in

paraffin blocks and sections of 5 lm thickness were pre-

pared and subsequently mounted on slides. These sections

were then used for staining with Hematoxylin & Eosin

(H&E) and were observed under light microscope.

The other set of eye ball sections used for immunohis-

tochemistry (IHC) were deparaffinized followed by antigen

retrieval by keeping sections in boiled 10 mM Na-citrate

buffer pH 6.0 for about 10 min and blocking with 3% goat

serum in 0.3% TritonX in PBS. After washing three times

with PBS, the sections were incubated in PBS with poly-

clonal primary antibodies [VEGF (1:50); GFAP (1:500);

rhodopsin (1:1000), or 4-HNE (1:100)] for overnight at

4 �C. The slides were washed again with PBS and incu-

bated with secondary antibody conjugated with alexafluor

488 (green)/594 (red). It was then mounted with DAPI

antifade mounting medium (Vectashield). These sections

were examined for specific staining for above molecules

using a fluorescent microscope (Leica Microsystems,

LMD6000, Germany).

SDS-PAGE and Immunoblot (IB)

Equal amounts of retinal proteins from pooled retinal

lysates of each group were resolved on 12% SDS-PAGE

and transferred onto the nitrocellulose (NC) membrane

(Pall Corporation, NY, USA). The membrane was

immunolabeled with primary antibodies of GFAP (1:1000)

or Rho (1:25000) or anti-human recombinant VEGF

(1:1000) or 4-HNE (1:500) or beta actin (1:500) followed

by incubation with secondary anti goat/anti mouse/anti

rabbit IgG conjugated to peroxidase. After thorough

washing, immunoreactive bands were developed and

visualized using a chemiluminescence kit (Bio-Rad). The

bands were quantified by using Image J software.

Statistical Analysis

All statistical analyses were performed using SPSS version

19.0 and quantitative data was presented as mean ± stan-

dard error (SE). One-way ANOVA, followed by Tukey

HSD test was used to analyze the differences among

groups and p\ 0.05 was considered as significant.

Results

Food Intake and Body Weights

A marginal increase in the average food intake

(18.21 ± 1.31 g/rat/day) was observed in untreated IGT

group rats when compared to control rats (17.18 ± 0.57 g/

rat/day). Despite of the increased food intake, the mean

body weights of untreated IGT rats were marginally

decreased at the end of the experiment (416 ± 1.9 g) when

compared to the control rats (429 ± 3.98 g). However,

there were no differences in the mean food intake

(18.01 ± 0.81 g/rat/day) and body weight (402 ± 0.52 g)

between Cinnamon treated and untreated IGT rats.

Glucose and Insulin Response During OGTT

and HOMA-IR

There is a significant high glucose response at all time

points except at 0 min in nSTZ rats compared to controls

indicating development of IGT at 2 months after STZ

injection (Fig. 2a) and maintained this IGT state up to

10 months (Fig. 2c). Cinnamon treated IGT rats showed a

significant (p\ 0.05) lower plasma glucose levels when

compared to untreated IGT rats at all time points except at

0 min (Fig. 2c). The insulin response during OGTT at

second month was significantly (p\ 0.01) low at 30 and

60 min in nSTZ rats compared to controls (Fig. 2b). Sim-

ilar response was observed during OGTT at the end of

10 months in untreated IGT group rats compared to con-

trols (Fig. 2d). Interestingly, feeding of Cinnamon to IGT

rats showed a significantly high insulin response at 30 and

60 min compared to untreated IGT rats (Fig. 2d).

However, there was no difference in HOMA-IR index

between control (0.17 ± 0.035) and STZ injected IGT

animals (0.18 ± 0.024) at 2 months and even at the end of

10 months as there was no difference in HOMA-IR

between control (0.19 ± 0.0135) and STZ injected IGT

animals (0.021 ± 0.033) and Cinnamon had no effect on

HOMA-IR (0.022 ± 0.014).

Fasting and Postprandial Blood Glucose Levels

Although, the fasting glucose levels of all the three groups

falls under normal range (70–100 mg/dL), the mean fasting

blood glucose levels were significantly high in untreated

IGT group animals compared to controls. Feeding of Cin-

namon to IGT rats significantly lowered the fasting glucose

levels during the experiment (except at 4th and 8th month)

compared to untreated IGT group animals (Fig. 3a). Sim-

ilarly, the postprandial blood glucose levels were also

significantly higher in untreated IGT rats when compared
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to controls during the experimental period (Fig. 3b).

Feeding of Cinnamon to IGT rats significantly lowered

postprandial blood glucose levels compared to untreated

IGT rats (except at 6th month) (Fig. 3b).

Retinal Function

ERG responses in untreated IGT rats showed a significant

reduction of scotopic b-wave amplitudes from - 2.4 to

1.19 log cd-s/mm and OPs at 1.19 log cd-s/mm compared

to control rats indicating development of retinal functional

abnormalities. Cinnamon treatment marginally prevented

in reduction of scotopic b-wave, a-wave amplitudes

(Fig. 4a, b) and OPs (Fig. 4c, d) compared to untreated

IGT group animals.

Retinal Structure

Gross morphological observations indicate that control rats

had well maintained retinal integrity as shown in H&E

stained retinal sections, whereas, a minimal decrease in

outer and inner nuclear layer thickness was observed in the

Fig. 2 Glucose and insulin response during OGTT at second month

(a, b) and tenth month (c, d) of the experimental period. Values are

mean ± SE n = 9–12 animals. The asterisk (*) denotes that data are

significantly different from control group and the hash mark (#)

denotes that data are significantly different from IGT group

Fig. 3 Fasting (a) and postprandial blood glucose levels (b) during
the experimental period assessed using glucometer (one touch

horizon). All values are mean ± SE, n = 9–12 animals. The asterisk

(*) denotes that data are significantly different from control group and

the hash mark (#) denotes that data are significantly different from

IGT group
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retinas of untreated IGT rats compared to control animals.

Cinnamon treatment prevented these gross morphological

changes (Fig. 5a).

Retinal mRNA and Protein Expression

Immunostaining with VEGF and GFAP antibodies showed

a relative increased immunoreactivity in untreated IGT rat

Fig. 4 Electroretinogram data. Scotopic b-wave amplitudes (a),
Scotopic a-wave amplitudes (b), Representative wave forms of

scotopic oscillatory potentials (c) and representative wave forms of

scotopic oscillatory potentials (d) of control, IGT and IGT ? Cin

groups. Values are mean ± SE. The asterisk (*) denotes that data are

significantly different from control group

Fig. 5 Morphology of retinas

control, IGT and IGT ? Cin

group stained with H&E (a).
Expression of VEGF, Rho,

GFAP and 4-HNE in control,

IGT and IGT rats fed with

cinnamon (IGT ? Cin) group

rat retinas by IHC (b). White

arrow indicated at the site of

expression of VEGF, GFAP,

rhodopsin and 4-HNE. GCL
ganglion cell layer, INL inner

nuclear layer, ONL outer

nuclear layer
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retinas, indicating increased angiogenesis and glial cell

activation respectively. A decreased rhodopsin-specific

immunofluorescence signal was observed in untreated IGT

rat retinas when compared to the control rats indicating an

association of retinal degeneration in IGT state. Interest-

ingly, feeding of cinnamon to IGT rats had partially pre-

vented these alterations. 4-HNE, a marker of oxidative

stress and there is no markable difference in immune

staining in retinas of the three groups (Fig. 5b).

The immunofluorescence data were further confirmed

by immune blotting to study VEGF, GFAP, rhodopsin and

4-HNE protein expressions in all the three groups. As

expected, there was a significant (p\ 0.05) increase in

VEGF, GFAP and significantly (p\ 0.05) decreased rho-

dopsin expression in untreated IGT rat retinas compared to

that of controls further substantiating our IF data. In

addition, there was a marginal increase in the relative

expression of 4-HNE protein indicating association of

oxidative stress in IGT state. Feeding of cinnamon to IGT

rats marginally prevented these alterations (Fig. 6a, b).

Real time PCR analysis showed a significant (p\ 0.01)

upregulation of VEGF and GFAP expression, and signifi-

cant (p\ 0.01) downregulation of rhodopsin expression in

untreated IGT rats compared to that of controls, further

supporting our IF and western blot data which indicates the

development of retinal abnormalities in IGT state. Inter-

estingly, feeding of Cinnamon to IGT has significantly

(p\ 0.01) prevented the up-regulation of GFAP and down-

regulation of rhodopsin expression (Fig. 7).

Discussion

STZ is widely used drug to induce both type-1 and type-2

diabetes in experimental animals. STZ selectively enters to

the pancreatic b cells via a glucose transporter (GLUT2)

and causes partial damage of pancreatic b cells through

alkylation of DNA which is the main reason of its toxicity

and also through oxidative stress by increasing nitric oxide,

hydrogen peroxide, and hydroxyl radicals [24]. Earlier our

own studies [22] and others [25] found to have IGT, and

mild, moderate and severe glycaemia in nSTZ model. In

the present study, we demonstrated the protective role of

Cinnamon in IGT-induced retinal abnormalities using an

nSTZ-induced IGT rat model [22]. As we reported earlier

[22], a single intraperitoneal STZ injection to 2 days old

SD rat pups significantly increased fasting and postprandial

glucose levels and resulted in the development of IGT at

2 months, which was maintained up to 10 months. Fasting

and postprandial blood glucose levels were early indicators

to identify the development of impaired glucose metabo-

lism, prediabetes and diabetes. Although, the fasting glu-

cose level in all the three groups falls under normal range

(70–100 mg/dL), the mean fasting blood glucose levels

were significantly high in untreated IGT group animals

compared to controls. Supplementation of cinnamon at 3%

in the diet to a subset of IGT rats (IGT ? Cin group)

showed a significant decrease in both fasting and post-

prandial glucose levels during the experiment probably

through its hypoglycemic nature. These results observed in

the present study was well correlated with the recent

Fig. 6 Expression of VEGF,

GFAP, Rhodopsin and 4-HNE

at protein level by western blot

(a) and densitometry analysis

(b) in control, IGT and IGT rats

fed with cinnamon (IGT ? Cin)

group rat retinas. Results are

mean ± SE for three

independent protein

preparations for each group. The

asterisk (*) denotes that data are

significantly different from

control group

Fig. 7 Expression of VEGF, GFAP and Rhodopsin at mRNA levels

by qRT-PCR in control, IGT and IGT rats fed with cinnamon

(IGT ? Cin) group rat retinas. Gene expression results for these

genes were normalized to beta actin. Results are mean ± SE for three

independent mRNA preparations for each group. The asterisk (*)

denotes that data are significantly different from control group and the

hash mark (#) denotes that data are significantly different from IGT

group
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human and animal studies where they observed hypo-

glycemic effect of cinnamon in healthy volunteers [19],

type-2 diabetic subjects [17, 18], in experimental diabetic

animals [20]. Supplementation of Cinnamon to the IGT

(supplement group) rats showed a significant decrease in

the 2 h glucose levels. These results are well correlated

with previous studies in healthy volunteers [26] and

experimental animals [20].

Since some of the earlier studies have shown the risk

and adverse effects of abnormal glucose metabolism on

retina or retinal complications [3, 5, 6, 10], we studied the

role of cinnamon as an hypoglycemic agent on IGT

induced retinal abnormalities. Development of retinal

abnormalities in the present study was assessed using ERG

and other key molecular markers which are associated with

retinopathy and retinal degenerations. Retinal functional

abnormalities may develop at early glucose dysregulation

[7] and can be detected by ERG [27]. Further, reduced

ERG a-wave, b-wave amplitudes and OPs can be used as

indicators for studying various types of retinal degenera-

tion related to photoreceptor and/or inner retinal cells in

animal studies [27]. In the present investigation, we have

observed functional abnormalities as there was a decrease

of ERG scotopic b-wave, a-wave amplitudes and OPs in

untreated IGT animals when compared to control animals.

These alterations may be due to dysfunction of the inner

retinal layers (bipolar, muller and amacrine cells). Feeding

of Cinnamon to IGT rats had shown a marginal protective

effect by inhibiting the scotopic b-wave, a-wave and OPs.

Muller cells are early affected cells of the retina during

development of retinopathy and ERG b wave response rep-

resents the functions of these cells [28]. GFAP is one of the

key molecules and its elevated expression in glial activation

was associated with retinal damage [12] and also with retinal

degeneration [10]. Since in the present study, we observed a

decrease of ERG b-wave, which mainly comes from Muller

and bipolar cells; we have studied the expression of GFAP

and used as a cellular marker for retinal damage. As expected

there was an increased expression of GFAP at mRNA and

protein levels in the untreated IGT group retinas when

compared to controls indicating retinal damage through glial

activation. Feeding of Cinnamon to IGT group rats had

partially prevented retinal damage by inhibiting glial acti-

vation as there was a significant (p\ 0.01) inhibition of

GFAP expression when compared to untreated IGT animals.

Photoreceptors of the retina play an important role in the

development of early stages of DR and retinal degenera-

tions [8, 29]. Rhodopsin is rod specific protein present in

the retina which is important for photoreceptor function. A

recent study has also shown a photoreceptor dysfunction

(decreased ERG scotopic and photopic a- and b-wave

amplitudes) along with a decreased rhodopsin levels in

diabetic animals [30]. In the present study, we found a

decrease in rhodopsin in the untreated IGT rat retinas along

with a decrease in the scotopic b-wave, a-wave amplitudes

and OPs indicating photoreceptor cell dysfunction in IGT

stage. Interestingly, feeding of Cinnamon at 3% in the diet

to a subset of IGT rats has prevented loss of rhodopsin in

these animals. These observations are in line with previous

study, where they observed a loss of rhodopsin in obesity

and IGT associated retinal degeneration rat model [10].

VEGF is an angiogenic molecule which plays an

important role in the pathogenesis of diabetic vascular

complications including DR [14]. During hyperglycemia,

VEGF expression is regulated by retina cells majorly by

hypoxia, but it also accumulates in the retina early in dia-

betes [31], IGT associated Obesity [10, 11], even in non-

fasting hyperglycemic/elevated postprandial glucose state

[32] which may later contribute to the development of

clinical symptoms of retinopathy. In the present study, an

elevated expression of VEGF in untreated IGT rats could be

due to glial activation as there was an increased expression

of GFAP in these animals. In addition to the glial activation,

VEGF is also elevated in various stress conditions including

oxidative stress [14]. Hence, we have measured 4-HNE in

the retinas as an indicator of oxidative stress to study the

possible role of oxidative stress in elevated levels of VEGF

in IGT state. In the present study, there is an increased

4-HNE in untreated IGT rat retinas compared to that in the

control group, indicating oxidative stress and this may be an

another contributor for elevated levels of VEGF in IGT rat

retina. Feeding of Cinnamon to IGT group rats has mar-

ginally inhibited VEGF expression by inhibiting oxidative

stress probably through its hypoglycemic property.

Conclusion

Cinnamon protected against long-term IGT-induced retinal

abnormalities mainly through its hypoglycemic properties.

Our findings may provide a basis for not only preventing

long-term IGT-induced retinal abnormalities but also to

develop therapeutic strategies in controlling early diabetes

and its associated complications.
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