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Abstract: Recent evidences indicate early, diabetes-driven, retinal neurodegeneration as the origin of diabetic 
retinopathy. To verify the possibility to prevent the disease, we investigated in a mouse model of type 1 diabetes the 
effect of long-lasting hyperglycemia on retinal and choroidal structures and, in parallel, we tested the effect of topical 
treatment with the neuroprotective agent citicoline. Forty wild-type C57B6 mice were included in this study. Diabetes was 
induced by a single intravenous injection of alloxan. Five animals were considered as sham-treated controls, 15 animals 
as sham-treated diabetic mice, 5 animals as citicoline-treated controls and 15 animals as citicoline-treated diabetic mice. 
After eight months of diabetes in vivo analysis of the retina was performed using the Spectralis HRA (Heidelberg Retinal 
Angiography) + OCT. Neuroretinal abnormalities, in particular a significant narrowing of Retinal Nerve Fiber Layer  
(19.3 ± 2.2 vs 23.3 ± 2.4, µm ± SD, p=0.01), Ganglion Cells/Inner Plexiform Layer (54.3 ± 5.1 vs 62.6 ± 4.0, p=0.03), 
Ganglion Cells Complex (73.9 ± 4.8 vs 83.8 ± 3.4, p=0.003) and Retinal thickness (223.8 ± 3.9 vs 236.7 ± 5.8, p=0.0004) 
were detected in the diabetic mouse that showed also a significant reduction of Choroidal thickness (67.4 ± 3.3 vs  
84.7 ± 1.9, p=0.0001). In line with the hypothesis that neuroprotection might help preventing diabetic retinopathy, 
neuroretinal but not choroidal (choroid lacks a neuronal component) dysfunctions were prevented by citicoline. 
Altogether these findings demonstrate that diabetes-driven neuroretinal dysfunctions can be monitored in vivo by OCT in 
the mouse. Retinal neuroprotection as obtained by topical citicoline protects from these abnormalities suggesting this 
approach as a possible way to prevent diabetic retinopathy. 
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1. INTRODUCTION 

Diabetic retinopathy (DR) is a common and specific 
ocular complication of diabetes mellitus that still 
represents the leading cause of preventable blindness 
in working-aged people [1]. 

Although the retinal microvasculature represents the 
final target of DR, recent studies suggest that the 
neuroretina is also affected in early stages of DR and 
that this phenomenon probably precedes and 
contributes to the subsequent development of vascular 
abnormalities [2-4]. Neural dysfunction involves 
different cells inside the neurovascular unit and typical 
findings of neurodegeneration, such as glial activation 
and apoptosis, have been identified ex vivo in retinas of 
diabetic patients before any biomicroscopic signs of 
classic DR [5-7]. 

Altogether these findings suggest that retinal 
neuroprotection started soon after the onset of diabetes 
might, at least in principle, have a role in preventing the 
development of DR. On this regard, citicoline (cytidine 
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5’-diphosphocholine), an endogenous psychostimulant/ 
nootropic substance, was shown to have 
neuroprotective effects through the preservation and 
restoration of phosphatidylcholine levels and the reduc-
tion of phospholipase A2 activity [8, 9]. Accordingly, 
citicoline has been successfully used for several years 
in case of retinal neurodegeneration [10] and, in 
association with hypotensive therapy, for the treatment 
of glaucoma [11-13]. To test citicoline as a protective 
agent against the onset of DR in diabetic patients 
would reasonably take several years of treatment 
before reaching a substantial conclusion. To 
circumvent the problem, we planned to verify the 
protective effect of citicoline against DR in a mouse 
model of diabetes. In this case we choose a model of 
type 1 diabetes to avoid possible interferences of 
citicoline on insulin secretion (and, consequently, on 
the onset/progression of DR), as suggested in the 
literature [14]. 

Several studies showed that, despite diabetic mice 
are for some reasons protected from advanced stages 
of DR, they nonetheless develop early retinal structural 
lesions commonly seen in diabetic patients [15, 16]. 
Diabetes-driven ocular alterations have been so far 
studied only on isolated retinas, after the animals 
sacrifice. This approach has many limits: the retinal 
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status can be evaluated only at the end of the 
experimental study, it may induce tissue damages and, 
finally, it offers only a marginal evaluation of the 
pathophysiology of the disease. The use of in vivo 
approaches like fluorescein angiography (FA) and 
optical coherence tomography (OCT) could permit to 
overcome these problems. FA is useful to search in 
vivo for the presence of vascular abnormalities, while 
OCT procures instead high detailed images of the 
thickness of the different retinal layers [17]. 

Aim of our study was therefore to verify the 
possibility to detect and quantify in vivo early retinal 
abnormalities in a mouse model of long-standing type 
1diabetes by means of FA and OCT and to investigate 
the role of neuroprotection on these dysfunctions. 

2. MATERIALS AND METHODS 

The experimental study was approved by the 
Institutional Animal Care and Use Committee (IACUC) 
of the San Raffaele Scientific Institute in Milan, 
according to the National Legislation (D.L. 116/1992) 
and the European Directive (2010/63/EU) about the 
use of laboratory animals, and with the licence of the 
Italian Board of Health. 

2.1. Animal Model and Experimental Groups 

C57Bl/6 female wild-type mice were involved in this 
study (Charles River Laboratories, Calco, Italy). In 
particular, 8 weeks old mice (n = 40) were divided into 
four groups: 5 animals were considered as sham-
treated controls (group 1), 15 animals as shamtreated 
diabetic mice (group 2), 5 animals as citicolinetreated 
controls (group 3) and 15 animals as citicolinetreated 
diabetic mice (group 4). For the whole duration of the 
study, that lasted 8 months, the animals had free 
access to water and to regular chow. Mice were made 
diabetic through an intravenous injection of alloxan 
(72mg/kg, Sigma, Munich, Germany), to selectively 
destroy the pancreatic β-cells [18]. Animals’ weight and 
glycemia were strictly controlled during the entire study; 
the glycemic level was measured weekly by 
Glucomonitor (Free Style, Abbott, Rome, Italy) on 
blood samples (10µL) taken from the tail. In the 
diabetic group blood glucose level was maintained in a 
range between 200-400mg/dl by subcutaneous 
positioning of pellets with slow release of insulin (LinBit, 
LinShin, Toronto, Canada). This procedure was per-
formed to avoid excessive weight loss and dehydration. 
 

The mice were treated with an eye drop/day of 
citicoline formulation (2%, final concentration of 
citicoline = 39,19mM, Omikron Italia, Roma, Italy) or 
buffered saline solution five days at week, during the 
entire duration (8 months) of the study. 

2.2. Spectralis HRA + OCT Examination 

In vivo analysis of the retina was performed using 
the Spectralis HRA (Heidelberg Retinal Angiography, 
Heidelberg, Germany) + OCT, an instrument that 
allows to obtain both detailed OCT scans and clear FA 
images. For the OCT scan capture, the Spectralis 
represents an integration of two important analytical 
technique, the cSLO (Confocal Scanning Laser 
Ophthalmoscopy) and the SD-OCT (Spectral Domain 
OCT); the result is the acquisition of high quality scans 
in which the retinal profile and the retinal layers are 
clearly visible. 

On the day of the experiment, anesthesia was 
induced by a single intraperitoneal injection of 80mg/ml 
Ketamine, 12mg/ml Xylazine (Sigma-Adrich). To obtain 
mydriasis, a single drop of tropicamide 0.5% 
(Visumidriatic, Tubilux Pharma, Pomezia, Italy) was 
instilled. The mouse was then placed on a stage in 
front of the lens of the Spectralis system, with a cover 
slip laid on the cornea previously hydrated by an 
ophthalmic solution of hydroxyethylcellulose (Gel 4000 
2%; Bruschettini, Genova, Italy). For all animals, only 
the right eye was examined. 

The OCT pictures were acquired using a 
bidimensional scan (B-scan), through an automatic real 
time (ART) procedure and with a field of view slumped 
of 30 degrees and focused on the optic nerve head. 
The scans of the mouse retina were also acquired in 
EDI (Enhanced Depth Imaging), a method developed 
by the OCT-Spectralis and useful for a precise study of 
the choroidal vasculature. In detail, for each animal, a 
scan of the entire retina was obtained by a reticular 
pattern of 49 horizontal-equidistant (120µm each) 
frames; finally, a circular scan around the optic nerve 
head was also performed to study the retinal nerve 
fiber layer (RNFL). 

OCT analysis was followed by the FA study. 1% 
fluorescein (5mL/Kg Monico S.p.A., Venezia, Italy) was 
administered by a single intraperitoneal injection 
(100µL). For each animal we acquired the images of 
central and peripheral retinal vasculature. 
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2.3. Data Analysis 

OCT and FA images were compared between the 
four groups of animal under evaluation. 

Manual measurements of retinal and choroidal 
structures were performed by dropping perpendiculars 
at intervals of 900µm on both sides of the optic nerve 
head and averaging their lengths [17]. Figure 1A shows 
an OCT performed in a control mouse. Three 
consecutive retinal scans for every eye were 
considered to get the averaged measurement of each 
layer. The different retinal layers evaluated in this study 
are described in full detail in this figure. Figures 1B, 1C 
and 1D show OCTs performed respectively in a 
diabetic mouse, in a control mouse treated with 

citicoline and in a diabetic mouse treated with citicoline. 
Image analysis was performed by a single investigator 
masked with respect to treatment group [19]. To verify 
the reproducibility of the results, retinal layers were 
then measured by a second, independent investigator. 
When compared by linear regression, the analyses 
performed by the two investigators gave rise to 
coefficients of correlation (r) between 0.96 and 0.98.  

FA images were analyzed at the end of the OCT 
scan processing. In particular, images of central 
vasculature (Figure 1F) were utilized to compare the 
caliber of vessels between control and diabetic 
animals, while images of peripheral vasculature were 
investigated to identify vascular abnormalities related to 
DR (Figure 1G). In each animal the diameter of all 

 
Figure 1: OCT and FA in the mouse. (A) OCT acquisition of a mouse eye (control animal), in this panel an example of a manual 
evaluation of retinal layers is also shown: 1) Retinal Nerve Fiber Layer (RNFL); 2) Ganglion Cells/Inner Plexiform Layer 
(GC/IPL); 3) Inner Nuclear Layer (INL); 4) Outer Plexiform Layer (OPL); 5) Outer Nuclear Layer (ONL); 6) External Limiting 
Membrane/Inner-Segment of photoreceptor/Outer-Segment of photoreceptor/Retinal Pigmented Epithelium (ELM/IS/OS/RPE) 
7) Choroidal Thickness (CT). In our study we also considered the Ganglion Cells Complex (GCC) constituted by RNFL plus 
GC/IPL and the Retinal Thickness (RT) consisting of all the retinal layers (from 1 to 6) with the only exception of the choroids 
(layer 7). The white arrow points to the optic nerve. (B) OCT acquisition of a mouse eye (diabetic animal) (C) OCT acquisition of 
a mouse eye (control animal treated with citicoline). (D) OCT acquisition of a mouse eye (diabetic animal treated with citicoline). 
(E) Fundus map, the green arrow indicates the area where the scan is performed, the white arrow points to the optic nerve. (F) 
FA image of mouse retinal vasculature (control animal) centered on the head of the optic nerve, the circle indicates the distance 
from the optical nerve head (1000µm) where the diameter of retinal vessels were measured and (G) same as in F, but focused 
on the peripheral areas of the retina (Scale Bar 200µm). 
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vessels emerging from the optical nerve head were 
measured, at a distance of 1000µm from it (Figure 1F). 

2.4. Statistical Analysis 

The mean value of all examined parameters was 
calculated for each animal. Data were analyzed by 
ANOVA. One-way ANOVA, with Bonferroni’s 
correction, was used to compare the mean values of 
the different measurements between the four groups of 
animals. P-value <0.05% was considered to be 
significant. Linear regression analysis was used to 
examine association between two variables and to 
calculate Pearson correlation coefficient. All the 
analyses were done with the statistical program SAS 
JMP™. 

3. RESULTS 

At the end of the study the number of animals in the 
four groups was slightly different from the beginning. In 
the group 1 (sham-treated controls; final n=4) one 
mouse died because of infection, in the group 3 
(citicoline-treated controls; final n=4) one mouse died 
because of anaesthesia just before OCT examination, 
in the group 2 (sham-treated diabetic mice; final n=10) 
and 4 (citicoline- treated diabetic mice; final n=12) no 
mice died but we excluded respectively 5 and 3 mice 
because they did not develop hyperglycemia despite 
alloxan treatment. 

Data obtained from weekly measurements of weight 
show that the mean weight during the study did not 
differ in the four groups considered (Figure 2A). As 
expected, diabetic mice both treated or not treated with 

 
Figure 2: Weight and glucose control. Mean weight (A) and blood glucose level (B) during the entire study in the four groups of 
mice considered (*P=0.001). 

 

 
Figure 3: Graphical representation of the thickness of retinal layers performed by OCT at the end of the study. The 
measurements were performed manually. (A) RNFL (*P= 0.02 vs diabetes and 0.01 vs diabetes + citicoline); (B) GC/IPL 
(*P=0.03 vs diabetes and 0.04 vs diabetes + citicoline); (C) GCC (*P= 0.003 vs diabetes and 0.01 vs diabetes + citicoline); (D) 
RT (*P= 0.0004 vs diabetes and 0.01 vs diabetes + citicoline). 
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citicoline showed glycemic levels significantly higher 
compared to the respective control groups (Figure 2B). 

3.1. In Vivo Analysis–Data From OCT 

At the end of the 8 months of treatment the retinal 
status of the animals was studied with an in vivo 
combined imaging examination of the retina, consisting 
in OCT (Figure 1A-D) and FA (Figure 1F, G) analyses.  

The results obtained by the manual measurement of 
retinal layers (see Figure 1A for full description of the 
different layers considered) showed a significant 
reduction of the thickness of RNFL (Figure 3A), GC/IPL 
(Figure 3B), GCC (Figure 3C) and RT (Figure 3D) in 
sham-treated diabetic mice when compared to 
shamtreated control mice, suggesting that prolonged 
hyperglycemia directly affects these retinal layers (see 
Table 1 for details). 

Citicoline-treated control mice showed a small, not 
significant reduction of the thickness of the same layers 
described above when compared to sham-treated 
control mice (Figure 3A-D). Interestingly this 
phenomenon was not paralleled by a similar reduction 
of layers' thickness in citicoline-treated diabetic mice. 
As a result, no difference of layer’s thickness (Figure 
3A-D) could be demonstrated between citicolinetreated 
diabetic mice and citicoline-treated control mice, 
suggesting a protective effect of citicoline against the 
toxic effect of prolonged hyperglycemia (see Table 1 
for details). 

This same conclusion could also be drawn from the 
evidence that an inverse correlation between mean 
blood glucose levels measured during the study and 
RNFL thickness could be demonstrated in shamtreated 
diabetic mice (Figure 4A) and that the correlation was 
lost after treatment with citicoline (Figure 4B). 

Table 1: Thickness of the Retinal Layers Performed by OCT at the End of the Study 

Layers (µm) Control Diabetes Control + citicoline Diabetes + citicoline P 

RNFL 23.3±2.4 19.3±2.2 22.6±1.9 19.5±2.0 0.02 Control vs Diabetes  
0.01 Control vs Diabetes+ citicoline 

GC/IPL 62.6±4.0 54.3±5.1 55.6±3.5 55.0±4.9 0.03 Control vs Diabetes  
0.04 Control vs Diabetes+ citicoline 

INL 19.6±2.2 19.6±3.0 19.5±2.2 21.3±3.9 ns 

OPL 15.2±0.6 15.4±0.9 16.0±2.1 14.7±0.7 ns 

ONL 47.1±3.8 48.2±2.8 48.3±1.0 49.3±1.7 ns 

ELM/IS/OS/RP
E 67.9±2.0 65.9±2.6 66.4±2.7 66.2±2.6 ns 

CT 84.7±1.9 67.4±3.3 81.4±0.7 68.0±7.2 

0.0001 Control vs Diabetes,  
0.0001 Control vs Diabetes+ citicoline, 
0.0005 Control+ citicoline vs Diabetes ,  
0.0006 Control+ citicoline vs Diabetes.  

+ citicoline 

 

 
Figure 4: Mean blood glucose and RNFL. (A) Inverse correlation between mean blood glucose and RNFL thickness measured 
in sham-treated diabetic mice (P=0.02, r=0.68). (B) The correlation is lost when the same analysis is performed in citicoline-
treated diabetic mice (P=0.08, r=0.52). 
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Figure 5: Graphical representation of the choroidal thickness 
(CT) performed by OCT at the end of the study. *P=0.0001 vs 
diabetes and 0.0001 vs diabetes + citicoline. **P= 0.0005 vs 
diabetes and 0.0006 vs diabetes + citicoline. 

Of interest, no effect of diabetes (and no effect of 
citicoline) could be demonstrated in the other retinal 
layers investigated in this study (INL, OPL, ONL and 
ELM/IS/OS/RPE, as shown in Table 1).  

From the FA analysis we could not find any vascular 
sign specific for DR and also the diameter of retinal 
vessels did not differ among the groups of mice 
considered in the study (not shown).  

Finally, also choroidal thickness (CT) was 
significantly reduced in sham-treated diabetic mice 
when compared to their respective controls (Figure 5 
and Table 1). In this case, however, no protective effect 
of citicoline treatment could be demonstrated (Figure 5 
and Table 1), in line with the hypothesis that the 
protective effect of citicoline is restricted to the neural 
component of the retina.  

4. DISCUSSION 

The results of this study show that OCT is able to 
detect neuroretinal abnormalities specific to diabetic 
animals that can therefore be attributed to the 
hyperglycemic state. Up to now, a number of clinical 
studies have demonstrated that in early phases of DR 
there is a pathologic involvement of the neuroretinal 
structure, observed by OCT in diabetic patients as a 
reduction of retinal thicknesses [5, 7] and confirmed on 
histological sections of animal models as a reduction in 
number of ganglion cells [15, 16]. The innovative 
component of our study consists in the demonstration 
that, taking advantage of the OCT, it is possible to 
observe and to measure in vivo in a mouse model of 
diabetes these glucose-induced retinal abnormalities, a 
technique that, when applied sequentially, could allow 
to monitor along time the progression of the disease.  

The results obtained from the manual measurement 
of retinal layers on OCT scans showed a significant 
narrowing of RNFL, GC/IPL, GCC, and RT layers in the 
group of sham-treated diabetic animals when 
compared to the sham-treated control ones. On the 
contrary, thicknesses of INL, OPL, ONL and 
ELM/IS/OS/RPE layers were not affected by 
hyperglycemia. From these data it is therefore possible 
to conclude that diabetic animals present a reduction in 
retinal thickness and that this reduction is mostly 
explained by the involvement of the inner retinal layers. 
In particular, the narrowing of RNFL and GC/IPL is in 
line with a possible loss of ganglion cells. 

 We also verified the effect of the neuroprotective 
agent citicoline in preventing the early loss of neuronal 
retinal cells. Two parallel findings seem to confirm the 
efficacy of this treatment: a) the significant narrowing of 
RNFL, GC/IPL, GCC and RT layers induced by 
hyperglycemia is no more detectable in citicolinetreated 
mice, and b) the inverse correlation between glycemia 
and RNFL thickness present in sham-treated diabetic 
mice is lost in their citicoline-treated counterpart. 

As shown in Figure 3A-D, RNFL, GC/IPL, GCC and 
RT layers tended to be thinner in control animals 
treated with citicoline. This phenomenon, that did not 
reach statistical significance, was reasonably explained 
by a physiologic adaptation of the retina to chronic 
treatment with citicoline.  

Our study also revealed for the first time in the 
mouse the existence of a specific, diabetes- driven, 
choroidal dysfunction. In particular, sham-treated 
diabetic mice showed a significant narrowing of CT 
when compared to sham-treated control animals, 
suggesting that hyperglycemia might directly affect the 
choroidal vascular structure. This finding has an 
equivalent in the clinical practice: recent studies, in 
fact, demonstrated a reduction of CT in subfoveal 
region of diabetic patients [20, 21]. The observation 
that the same abnormality also characterizes diabetic 
mice could certainly open new possibilities for future 
intervention studies in this model. Finally, the finding 
that citicoline has no protective effect against the 
diabetes-driven CT thinning is in line with the evidence 
that choroid, at difference with the retina, lacks the 
neuronal component.  

As described in the results section, the FA did not 
reveal any difference of retinal structure and vascular 
diameters between diabetic and control animals. On 
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this regard, there is increasing evidence in the literature 
that mice with pharmacologically induced diabetes 
exhibit a number of features observed in human DR, 
including alterations in electroretinogram measure-
ments, neural apoptosis and Muller cell activation, 
although lacking symptoms of vascular pathology [22].  

In conclusion, this study demonstrates that diabetic 
mice are characterized by a narrowing of different 
retinal structures related to a direct impact of 
hyperglycemia on the neural component of the retina, 
in particular on RNFL and GC/IPL. An effect of 
citicoline in reducing the impact of hyperglycemia on 
the onset of neuroretinal alterations was also 
demonstrated.  

Further studies are now needed to verify whether 
the narrowing of neuroretinal layers induced by 
diabetes are mechanistically linked to the subsequent 
development of the classic dysfunctions of retinal 
microvasculature that characterize DR and, as a 
consequence, if early citicoline treatment might be able 
to prevent also the "vascular" stage of the complication. 

ACKNOWLEDGEMENTS 

The study was supported by Omikron Italia S.r.l. 
and by a grant of the Italian Ministry of Health: Bando 
Ricerca Finalizzata anno 2008–Bando Cellule 
Staminali. The funders had no role in study design, 
data collection and analysis, decision to publish, or 
preparation of the manuscript.  

The authors declare to have no competing interests. 

REFERENCES 
[1] Fong DS, Aiello LP, Ferris FL 3rd and Klein R. Diabetic 

retinopathy. Diabetes Care 2004; 10: 2540-53. 
http://dx.doi.org/10.2337/diacare.27.10.2540 

[2] Lorenzi M and Gerhardinger C. Early cellular and molecular 
changes induced by diabetes in the retina. Diabetologia 
2001; 44: 791-804. 
http://dx.doi.org/10.1007/s001250100544 

[3] Antonetti DA, Barber AJ, Bronson SK, Freeman WM, 
Gardner TW, Jefferson LS, Kester M, Kimball SR, Krady JK, 
LaNoue KF, Norbury CC, Quinn PG and Sandirasegarane L. 
Simpson IA; JDRF Diabetic Retinopathy Center Group. 
Diabetic retinopathy: seeing beyond glucose-induced 
microvascular disease. Diabetes 2006; 55: 2401-11. 
http://dx.doi.org/10.2337/db05-1635 

[4] Barber AJ, Gardner TW and Abcouwer SF. The significance 
of vascular and neural apoptosis to the pathology of diabetic 
retinopathy. Invest Ophthalmol Vis Sci 2011; 52: 1156-63. 
http://dx.doi.org/10.1167/iovs.10-6293 

[5] Lieth E, Gardner TW, Barber AJ and Antonetti DA. Penn 
State Retina Research Group. Retinal neurodegeneration: 
early pathology in diabetes. Clin Exp Ophthalmol 2000; 28: 
3-8. 
http://dx.doi.org/10.1046/j.1442-9071.2000.00222.x 

[6] Rungger-Brandle E, Dosso AA and Leuenberger PM. Glial 
reactivity, an early feature of diabetic retinopathy. Invest 
Ophthalmol Vis Sci 2000; 41: 1971-80. 

[7] Fletcher EL, Phipps JA and Wilkinson-Berka JL. Dysfunction 
of retinal neurons and glia during diabetes. Clin Exp Optom 
2005; 88: 132-45. 
http://dx.doi.org/10.1111/j.1444-0938.2005.tb06686.x 

[8] Oshitari T, Fujimoto N and Adachi-Usami E. Citicoline has a 
protective effect on damaged retinal ganglion cells in mouse 
culture retina. Neuroreport 2002; 13: 2109-11. 
http://dx.doi.org/10.1097/00001756-200211150-00023 

[9] Oshitari T, Yoshida-Hata N and Yamamoto S. Effect of 
neurotrophic factors on neuronal apoptosis and neurite 
regeneration in cultured rat retinas exposed to high glucose. 
Brain Res 2010; 1346: 43-51. 
http://dx.doi.org/10.1016/j.brainres.2010.05.073 

[10] Matteucci A, Varano M, Gaddini L, Mallozzi C, Villa M, Pricci 
F and Malchiodi-Albedi F. Neuroprotective effects of citicoline 
in in vitro models of retinal neurodegeneration. Int J Mol Sci 
2014; 15: 6286-97. 
http://dx.doi.org/10.3390/ijms15046286 

[11] Ottobelli L, Manni GL, Centofanti M, Iester M, Allevena F and 
Rossetti L. Citicoline oral solution in glaucoma: is there a role 
in slowing disease progression? Ophthalmologica 2013; 229: 
219-26. 
http://dx.doi.org/10.1159/000350496 

[12] Roberti G, Tanga L, Parisi V, Sampalmieri M, Centofanti M 
and Manni G. A preliminary study of the neuroprotective role 
of citicoline eye drops in glaucomatous optic neuropathy. 
Indian J Ophthalmol 2014; 62: 549-53. 
http://dx.doi.org/10.4103/0301-4738.133484 

[13] Parisi V, Centofanti M, Ziccardi L, Tanga L, Michelessi M, 
Roberti G and Manni G. Treatment with citicoline eye drops 
enhances retinal function and neural conduction along the 
visual pathways in open angle glaucoma. Graefes Arch Clin 
Exp Ophthalmol. 2015 May 26. 
http://dx.doi.org/10.1007/s00417-015-3044-9 

[14] Ilcol YO, Cansev M, Yilmaz MS, Hamurtekin E and Ulus IH. 
Peripheral administration of CDP- choline and its cholinergic 
metabolites increases serum insulin: muscarinic and nicotinic 
acetylcholine receptors are both involved in their actions. 
Neurosci Lett 2008; 431: 71-6. 
http://dx.doi.org/10.1016/j.neulet.2007.11.024 

[15] Kern TS, Tang J and Berkowitz BA. Validation of structural 
and functional lesions of diabetic retinopathy in mice. Mol Vis 
2010; 16: 2121-31. 

[16] Martin PM, Roon P, Van Ells TK, Ganapathy V and Smith 
SB. Death of retinal neurons in streptozocin-induced diabetic 
mice. Invest Ophthalmol Vis Sci 2004; 45: 3330-6. 
http://dx.doi.org/10.1167/iovs.04-0247 

[17] Ferguson LR, Balaiya S, Grover S and Chalam KV. Modified 
protocol for in vivo imaging of wild-type mouse retina with 
customized miniature spectral domain optical coherence 
tomography (SD-OCT) device. Biol Proced Online 2012; 14: 
9-11. 
http://dx.doi.org/10.1186/1480-9222-14-9 

[18] Lenzen S. The mechanisms of alloxan- and 
streptozotocininduced diabetes. Diabetologia 2008; 51: 216-
26. 
http://dx.doi.org/10.1007/s00125-007-0886-7 

[19] Iwase T, Oveson BC, Hashida N, Lima e Silva R, Shen J, 
Krauss AH, Gale DC, Adamson P and Campochiaro PA. 
Topical pazopanib blocks VEGF-induced vascular leakage 
and neovascularization in the mouse retina but is ineffective 
in the rabbit. Invest Ophthalmol Vis Sci 2013; 54: 503-11. 
http://dx.doi.org/10.1167/iovs.12-10473 

[20] Regatieri CV, Branchini L, Carmody J, Fujimoto JG and 
Duker JS. Choroidal thickness in patients with diabetic 
retinopathy analyzed by spectral-domain optical coherence 
tomography. Retina 2012; 32: 563-8. 
http://dx.doi.org/10.1097/IAE.0b013e31822f5678 



8    Journal of Ocular Diseases and Therapeutics, 2015 Vol. 3, No. 1 Maestroni et al. 

[21] Xu J, Xu L, Du KF, Shao L, Chen CX, Zhou JQ, Wang YX, 
You QS, Jonas JB and Wei WB. Subfoveal Choroidal 
Thickness in Diabetes and Diabetic Retinopathy. 
Ophthalmology 2013; 20: 2023-8. 
http://dx.doi.org/10.1016/j.ophtha.2013.03.009 

[22] Ozawa Y, Kurihara T, Sasaki M, et al. Neural degeneration in 
the retina of the streptozotocin- induced type 1 diabetes 
model. Exp Diabetes Res 2011: 108328. Epub 2011 Nov 17. 
http://dx.doi.org/10.1155/2011/10832 

 
Received on 29-05-2015 Accepted on 08-06-2015 Published on 31-07-2015 

 
DOI: http://dx.doi.org/10.12974/2309-6136.2015.03.01.1 

© 2015 Maestroni et al.; Licensee Savvy Science Publisher. 
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License 
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in 
any medium, provided the work is properly cited. 
 


