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Abstract

Diabetic retinopathy is a complication of diabes®sl a leading cause of vision loss among workirey-ag
adults.To assess whether the Wistar rat with Streptozit(8TZ)-induced diabetes is a suitable animal
model of human proliferative diabetic retinopathg wvaluated the vascular changes to assess the
diabetic retinopathy (DR) stages in this model.eAftwo weeks of intraperitoneal STZ (55mg/kg)
injection in male Wistar rats (270-300 @), they ev@onsidered diabetic with persistent blood glucose
levels> 16.65 mmol/L. The diabetic and control rats wereestigated after 1, 3, 6 and 9 months by
electroretinography, Evans blue assay, dextran rdkgence retinal angiography, and retinal
histopathological studies. Retinal vascular perriligalin the diabetic groups increased significgnith

all diabetic groups. The amplitude of a- and b-vgadecreased significantly in all diabetic groups
compared with the age-matched control groups. @tent time of a-waves in the diabetic groups were
delayed at 3 months of diabetes and this delay iredarelatively constant till 9 months followingeth
onset of diabetes. Although the latent time of kwevan the diabetic groups increased slightly, a
significant difference was found right at 9 montifsdiabetes. Vascular density and branching point
numbers significantly decreased in the diabeticate3 and 6 months while they increased at 9 nspnth
which was not significant. Intraretinal hemorrhaged ischemic changes were detected in the half of
diabetic rats after 6 months and considered asrglifgpative stage of diabetic retinopathy. Althdug
preproliferative changes were detected in all diabeats at 9 months, half of them showed vitreous
neovascularization attached to retina and retiolalsfwhich can be considered as proliferative stafge
DR. Intraretinal hemorrhage, extensive leakage &foréscein, retinal folds, and vitreous
neovascularization were the most prominent findioigsevere and proliferative diabetic retinopathai
fraction of the STZ-induced diabetic rats which evgomparable to that of the human patients. STZ-
induced diabetic rats can be considered to be enpally useful model for studies on pathogenesid a
treatment of diabetic retinopathy in human.
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1. Introduction

Diabetic retinopathy (DR) is the most common coogilon of diabetes and one of the major
causes of blindness in working-age people worldwi@ai and McGinnis, 2016). DR, initially was
considered as a microvascular complication of desand classified as either nonproliferative (NFPDR
or proliferative (PDR) based on the presence ofvascularization (Fong et al., 2004; Gardner et al.,
2011). However, there is increasing evidence, dflatells housed in the retina are affected. So,i®R
also thought to be a neurodegenerative diseasdditian to a microvascular complication (Szabdlet a
2017). The most common manifestations of NPDR uhelumicroaneurysms, increased vascular
permeability, intraretinal hemorrhages, retinal ikafy non-perfusion, and intraretinal microvascgula
abnormality (IRMA). Proliferative diabetic retinaipg is characterized by neovascularization on the
retina and posterior surface of the vitreous andlead to retinal detachment (Fong et al., 2004dGer
et al., 2011).

To clarify the complicated nature of the diseabe, ¢ffects of new drugs or improve existing
therapies, studies using diabetic animal modelessential (Kern, 2008). These models can be fibsi
as chemically induced, spontaneous, and geneticadigted, based on the experimental approaches (Cai
and McGinnis, 2016). Chemically-induced streptozinto(STZ) model is one of the most popular
diabetic models and has been routinely used incbstsidies and therapeutic drug experiments. This
model exhibits rapid onset of hyperglycemia withifiew days after STZ injection in rats (Lai and Lo,
2013). Although different and large number of aimadels have been used to assess different aspects
of ocular changes in diabetes, few models demdssfeatures of severe or proliferative diabetic
retinopathy. Variation of the retinal lesions ipagted among different species and even withirstimae
species, which can be explained by the geneticdraokd and strain differences (Cai and McGinnis,
2016). STZ- induced diabetic rat models exhibit saof the signs of early DR such as thickening of
basement membrane (Agrawal et al., 2012), increeasclular permeability (Qaum et al., 2001), loss of
pericytes and the development of acellular capdtar(Roy et al.,, 2011); however, severe ocular
complications such as neovascularization and taatichanges in retina is not demonstrated in these
models. One of the reasons for these may be the dbhmtion of the studies; STZ- induced DR rat
models are typically studied for up to 20 weeksV@eks et al., 2017).

It seems that spontaneously diabetic Torii (SDT) aanonobese model of type 2 diabetes, is a
good model for studying the severe ocular compboatand proliferative retinopathy in type 2 diadset
Ocular complications such as cataract, neovasgldarcoma, tractional retinal detachment, abnormal
retinal vasodilatation, severe fluorescein leakage proliferative retinopathy were demonstrate§mT
rats of both sexes at ages over 60 weeks (Shino@t8&). However, based on our best knowledgeether



is no counterpart of SDT in type 1 diabetes. Onather hand, the SDT model is not readily available
all labs. To assess whether the Wistar rat with-8ifiticed diabetes is a suitable animal model ofdrum
proliferative diabetic retinopathy we evaluated trescular changes focusing on neovascularization
assessed by dextran fluorescence angiography hasngiktological changes at different time points.
2. Methods
2.1. Animals

Male Wistar rats, weighing 270-300 g, (2 Monthsyavesed in this study. Rats were housed one
per cage, at standard temperature and humid emv@onhwith 12-hour light/dark cycles with chow and
water provided ad Libitum. All experimental proceeki were approved by the ethics committee of the
Translational Ophthalmology Research Center of &ehdniversity of Medical Sciences. After an 18-
hour fast, rats were injected intraperitoneallp.fiwith a single dose (55mg/kg) of streptozotd@iZ:
Sigma, St Louis, MO, USA) dissolved in 0.1M coldraie buffer (pH 4.5) to induce hyperglycemia.
Nondiabetic control rats received equivalent voluofiecitrate buffer only. One week later, rats with
blood glucose levels 16.65 mmol/L were considered diabetic. To enslirarémals were satisfactorily
diabetic, the experiment was not begin until 2 vgealter streptozotocin was administered. We did not
use insulin for the diabetic groups. Blood gluclesels were measured again monthly to confirm diabe
status. Body weights, water, and food intake weomitored two times per week. The cages, wood-
chipcarpet and drinking water were changed dailyrtprove hygiene conditions and prevent infection.
Electroretinography (ERG) to assess retinal fumctievans blue (EB) assay to evaluate retinal vascul
permeability, FITC—dextran perfusion for observirgfinal vessels and histology study to identify
changes in retina structure were performed in tabatic and age-matched control groups at 1, ané,
9 months of diabetes.
2.2. Electroretinography

Flash electroretinography was performed by the telphysiological test unit (Metrovision,
France). Before the test, rats were dark-adaptech@ht and prepared under dim red light. The alima
were then anesthetized with ketamine and xylazl®®/L0 mg/kg). Pupils dilated by 1% tropicamide,
and the corneal surface was anesthetized with @eb&caine hydrochloride. In the process of scatopi
ERG, the flash light luminance of 15 dB was setrémording Rod-response. Using a recording eleetrod
(Goldring electrode, 4mm, Roland Consult, BrandeghbGermany), the electrical response of eachaetin
was recorded. The recording electrode was posiliomethe corneal surface, the reference electrade w
penetrated into the middle forehead, and the gralectrode was placed on the tail. For each reagrdi
a- and b-wave amplitudes, as well as implicit tinonfsesponses, were determined by averaging the

responses of the eight light stimuli. The amplitudea-wave was measured from the baseline to the



negative trough, and the amplitude of the b-wave meaasured from the trough of the a-wave to th& pea
of the b-wave. Latency was measured from stimuhsebto the trough of a-wave and peak of b-wave.
2.3. Evans Blue Assay

Blood-retinal barrier breakdown (BRBB) was quastifi using the Evans blue method as
described previously (Xu et al., 2001) with minoodifications. The diabetic and age-matched control
groups were anesthetized with ketamine (100 mgMttgsan, Netherlands) and xylazine (10 mg/kg;
Alfasan Netherlands). Additional anesthesia wasigesl throughout the procedures as needed. Evans
blue (45 mg/kg) was injected over 10 seconds thHrdbg tail vein. Immediately after EB injectiongth
rats turned visibly blue, confirming their uptakedadistribution of the dye. To ensure the complete
circulation of the dye, the rats were kept on amvgad for 2 hours. Afterward, at 15-minute intesyal
100l blood was drawn for 2 hours to obtain the timeraged plasma Evans blue concentration.

After 2 h, the chest cavity was opened, and rate wwerfused with citrate buffer (0.05 M, pH
3.5) for 2 minutes via the left ventricle at 37dear the dye from the vessel. Subsequently, bgdis
were enucleated and bisected at the equator. Retwexe carefully dissected under an operating
microscope and dried at 70°C for 24 h. Evans bl @bnjugated to serum albumin in the retina was
extracted by incubating each sample in LB@rmamide (Sigma) for 18 hours at 70°C. The ecttreas
centrifuged at 65,000 rpm, for 60 minutes at 4°C.

The blood samples were centrifuged at 12,000 rpmi%ominutes, at 4 °C and diluted 1/100 in
formamide prior to spectrometric evaluation. Toegssthe Evans blue concentration, the absorbance of
the retinal extract and plasma samples was measiré@0 nm and measured in comparison with a
standard curve. BRBB was calculated using theiotlg equation. Results were expressed as micrsliter
plasma x gram retina dry wth ™.

Evans blue (pg)/Retina dry weight (g)

Time averaged Evans blue concentration (ug)/Plasma (ul) X Circulation time (h)
2.4. FITC-Dextran Perfusion

Quantification of retinal neovascularization in ffet-mounted retinae was performed according
to a previous report (D'amato et al., 1993), wittme modifications. Briefly, one milliliter of PBS
containing 40 mg/ml Fluorescein isothiocyanate-daxi{average mol wt: 2x106; Sigma, St Louis, MO,
USA) was perfused through the left ventricle of emesthetized rats. After 5 minutes, the eyes eatedl
and fixed in 4% paraformaldehyde overnight. Follogvcornea excision, retinae were removed under a
dissecting microscope. The retinae were cut radiedin the edge to the equator and then flat malinte
Aqua-Poly/Mount (Polysciences, Warrington, PA). THat mounts were viewed by fluorescent

microscope and photographed. Vascular density atadl mumber of junctions of the capillary network



were calculated from five parts of the retina icleaye using the AngioTool image analysis softwidye
(Zudaire et al., 2011).
2.5. Histological study

Formalin-fixed, paraffin embedded eyes of the digband age-matched control groups were
sectioned (bm), stained with hematoxylin and eosin (H & E) an@mined under the light microscope.
Six eyes in each group from different rats werengrad. Histopathological changes studied included:
intraocular neovascularization and hemorrhagenaktieovascularization and hemorrhage, retinabigjo
retinal ischemic changes and infarct, nuclear Elydrickness, ganglion cell number and degenerative
changes in the len&\nterior chamber angle (AC) neovascularization \aés evaluated. Intraretinal
hemorrhage and ischemic changes were considergateasoliferative diabetic retinopathy and new
vessel formation either at the disc or elsewherk\dineous neovascularization attached to the agiim
addition to the other histopathological findings pifeproliferative retinopathy were diagnosed as
proliferative phase of diabetic retinopathy.

2.6. Cataract formation

Lens appearance was assessed and scored at eagbotithby visual inspection. The scoring system is
according to the classification of (Sampath et 2011) as follows: 0 = clear lens, 0.2 = spots, ©.5
cloudy, and 1 = opaque.

2.7. Statistics

The data are presented as means + SD. Two-tailede®ts t-test was used to analyze differences
between the diabetic and age-matched control gretpdifferent time points. Two-way analysis of
variance (ANOVA) was applied to determine the maifect of group (control, diabetic) and time
(duration of diabetes) and their interaction onpaltameters using IBM SPSS, version 24 (IBM Cdm).

< 0.05 were considered as statistically significant

3. Results

3.1. Glycemia and body weight

Rats with a blood glucose concentration higher tt&65 mmol/L were considered diabetic. The
incidence of diabetes induced by a single doselaf\8as 87.5%. Mortality after 3 months was 8.6% and
after 6 and 9 months were 16.6%.

Table 1 shows the body weight, food and water mtakd blood glucose levels for the diabetic
rats and their age-matched control groups. Theetialbats showed a significant reduced weight In al
time points, despite the significant increase irtewand food intake compared with the age-matched
controls. Furthermore, blood glucose levels wegmificantly higher in the diabetic groups compared
with age-matched control groups. Measuring bloadtgte levels monthly showed no change in diabetic
status compared with the first post-induction @ftdites; that is, all diabetic animals remainedetiab



3.2. Effects of hyperglycemia on visual function

Figure 1 shows representative ERG recordings usdetopic conditions of the diabetic and
control rats. Sustained hyperglycemia led to aiiggmt decrease in the a- and b-wave amplitudehen
early stages. As shown in table 2, the amplitudénefa-wave decreased gradually from 31% at 1 month
of diabetes to 53% in 9 months of diabetes. Thergxif amplitude reduction was much more significan
in b-wave than a-wave in early stages of DR. Theake amplitudes of the diabetic groups decreased
approximately to 50% in all diabetic groups comgangth the age-matched control groups. The latent
time of a-wave in the diabetic groups were delagroximately up to 15% at 3 months of diabetes and
this delay remained relatively constant till 9 mmnfollowing the onset of diabetes. Although theha
time of b-wave in the diabetic groups increaseghdly compared with the age-matched control groups;
however, significant differences was found righBahonths of diabetes. In spite of a slight de@éeas
the amplitude of a- and b-waves at the 9 montheéncontrol group compared with the baseline, there
were no significant differences in retinal functidaring the 9 months follow up. There was a sigaifit
main effect of the group on all ERG parameters,agevamplitude: K = 227.9,P < 0.001); b-wave
amplitude: F = 126.7,P < 0.001); a-wave implicit timefH= 30.3,P < 0.001); b-wave implicit timeH=
6.5,P = 0.013). The effect of time was significant owave amplitude,K = 8, p < 0.001). There was a
nonsignificant interaction between these main édfec
3.3. Effects of hyperglycemia on blood retinal Erbreakdown

The STZ diabetic rats mimic certain early changesuman DR, including blood-retinal barrier
breakdown. Retinal vascular permeability as ing@iddiy EB dye accumulation increased significangly a
early as 1 month after the onset of diabetes, witRB.1-fold elevation over the control level. The
hyperpermeability remained at higher levels dutimg entire experimental period in the diabetic gsyu
with 2.3, 2.7 and 3.2-fold elevation over the agmehed control groups, at 3, 6, and 9 months of
diabetes, respectively, Fig. 2. There was a sicanifi main effect of the group on the retinal vaaicul
permeability F = 112.3,P < 0.001). The main effect of time and the intdmacttbetween these main
effects were not statistically significant.
3.4. Effects of hyperglycemia on vascular changes

To assess retinal neovascularization and vascebdtage we performed dextran fluorescence
retinal angiography in the diabetic and age-matdwurol groups. Five to six eyes from 5-6 ratsever
assessed in each group. Increased fluoresceingeakalicative of increased vascular permeabilitgs
observed in the diabetic eyes. Diabetes of 3 moditration showed increased vascular permeabitity i
limited areas, while examination of retinal flat ambs showed pronounced vascular leakage around opti
disk (Fig. 3D) and peripheral retinae (red arrowd-ig. 3E) at 6 and 9 months of diabetes. Four eyes
from 6 diabetic eyes showed vascular abnormalé@ted months of diabetes. Retinal vascular tortyosit



and loop formation (Fig. 3F) were observed at 2aiuhe 6 eyes. New vessels formation visualized in
diabetic eyes (Fig. 3E, H) at 6 (1 out of the 6s3yand 9 months (4 out of the 6 eyes) of diabetes
compared with age-matched control groups. Limited-perfusion areas in peripheral retina detectedd in
out of 6 eyes at 9 months of diabetes (Fig. 3l).adnormalities were observed in the vascular siract

in the age-matched control eyes. Using AngioToétlhsoe, vascular density and branching point dgnsit
were quantified in all diabetic and age-matchedtrobneyes. Vascular density is defined as the
percentage of area occupied by vessels insidexiflarg area and branching point density is defiagd
the number of vessel junctions normalized per arét (Zudaire et al., 2011). A statistically sigraiht
decrease in vascular density and branching pointbeus demonstrated in the diabetic eyes at 3 and 6
months of diabetes compared with the age-matchetiatgroup (Fig. 4). Although vascular density and
branching point numbers increased in the diabetagafter 9 months, it was not significantly diffat
from that of the control group. There were siggifit effects of groupH = 4.05,P = 0.04) and timeK =
5.7,P < 0.001), as well as a significant interactionwmtn these main effects € 7.31,P < 0.001) on
vascular density. There was no significant effddirne (F = 20.2,P = 0.09), but there was a significant
effect of group £ = 23.3,P< 0.001) on branching point density. The interactietween these effects
was significantff = 7.7,P < 0.001).

3.5. Effects of hyperglycemia on histological chang

No histopathological changes were detected on Hi@fwad sections in the control eyes at any
age (Fig. 5A). Eye sections from the diabetic edtd and 3 months of diabetes except cataract lexea
no significant histopathological findings in lighticroscopic evaluation (Fig. 5B). Mild cataractartd
at 1 month of diabetes in some diabetic rat andsemed with the duration of hyperglycemia, as all
diabetic rats had matured cataract at 6 and 9 masftiliabetes (Fig. 6B). While no cataract formatio
was detected in the control groups (Fig. 6A).

Half of the eye specimens at 6 months of diabetesved preproliferative stage of diabetic
retinopathy. These changes included retinal andhdotlar hemorrhage, AC angle and intraretinal
neovascularization, mild focal retinal infarct amdinal gliosis of internal plexiform layer. Thengre no
evidence of ganglion cell loss, internal and exéemuclear layer thickness changes, and evidence of
proliferative diabetic retinopathy at this duratiohdiabetes. All eye specimens at 9 months ofeteh
showed histopathological findings consistent witbppoliferative and proliferative diabetic retindma
These finding included retinal and intraocular heimage, retinal ischemic changes and infarct, angle
neovascularization, vitreous neovascularizatioachttd to the retina, retinal gliosis, mild ganglweil
loss and decreased inner nuclear layer thickness.

Areas of retinal folds (Fig. 5C) were observed &if lof the cases at 9 months of diabetes. At this
duration of diabetes, proliferative vascular membran vitreous originated from the optic disk and



vitreoretinal traction (Fig. 5F, |) were observedsome cases. Also, massive hemorrhages in theaante
chamber angle (Fig. 5H) of the eye and optic diSl.(51) were observed in some cases. Collectialy,
data indicate that pathology consistent with sevBf® or PDR is related to the duration of
hyperglycemia.
3.6. Effects of hyperglycemia on cataract formation

By visual inspection, cataract formation in diabadinimals detected after 3 months. After 3
months, 9.5% of the lenses of the diabetic rataveboscore 0.2, 28.5% showed score 0.5 and 62%
showed score 1. After 6 months 9% of the lensdbefliabetic rats showed score 0.5, and 91% showed
score 1. All of the diabetic rats after 9 monthevetid score 1. The lenses in all control groups ague
to be clear and normal.
4. Discussion

Diabetic retinopathy is a consequence of diabetéh wany structural and functional
abnormalities implicated in its development (Mislataal., 2018). STZ-induced diabetic model is an
animal model of human type 1 diabetes and oneeofrthst commonly used models for many aspects of
research in diabetes mellitus (Olivares et al.,7201
In the present study, STZ-treated male Wistar eatsbited high serum glucose level at one week afte
STZ injection, and by one month they developed badight loss, polydipsia, and polyphagia. They also
developed cataract by 3 months after diabetes dewednt, which was demonstrated also in the previous
studies after 3 months (Agardh et al., 2000; Wangl.e 2015). Blood-retinal barrier breakdown and
reduced visual function were found in early stagfe®R. The BRBB that occurs in DR is responsible fo
lots of the vision loss due to diabetes (Diaz-Lea&tal., 2016; Tzeng et al., 2015); the resuliadiage
of serum proteins and other blood components imtorétina and posterior vitreous can produce léss o
light by absorption and/or scattering of light befdeing sensed by retina (Diaz-Lezama et al., 2016
(Daley et al., 1987). Opacities of the ocular meatid cataracts formation in the early stages diedées
in STZ-induced diabetic rats could affect both atages and implicit times of ERG waves as repoited
the cataractous eyes in human (Yamauchi et al.,6)20We did not detect any significant
histopathological and vascular findings in lightldluorescein-dextran microscopy in this stage.

Preproliferative stage of diabetic retinopathy veetected in half of the diabetic rats after 6
months. Some of the 9-month diabetic rats developithal hemorrhage, retinal folds mimicking
tractional retinal changes, venous dilatation,utmstty and vascular loop formation correspondinghi
intraretinal microvascular abnormality (IRMA) seém human DR; they also showed proliferative
vascular membrane in the vitreous body. Howeverointrast to humans with diabetic retinopathy, the
STZ-induced diabetic rats did not develop microaysms in the retina. Vessel density and branching
point numbers changed with progression from earliate stages of diabetes as quantified by AngibToo



software. The vessel density and branching poimhbars decreased significantly in early stages of
diabetes and increased again in late stages oftémlin the diabetic groups. This oscillatory pattef
vascular density is also evident in human studidsch can be attributed to the dynamic balance gmon
several angiogenic inhibitors and stimulators dyrihe progression of DR (Parsons-Wingerter et al.,
2010). Dextran fluorescence angiography showed rd-ld@ structure in limited areas from mid-
peripheral retina mimicking non-perfusion capillamhuman.

Although numerous diabetic animal models have shaigmificant diabetic retinal microvascular
lesions, none had DR that closely exhibited theufea of human disease (Yamada et al., 2005). &ursvi
studies in STZ-induced diabetic rats reported @dyly stages of DR (Gong et al., 2013; Zhang et al.
2008), somehow it may be attributed to the shoribgeof diabetes that these models have been studie
compared with diabetic patients. There are jusvadtudies on STZ-induced diabetic rats for a lmg
that reported severe ocular complications. In 1%8ghinson et al. reported pericyte "ghosts" likesth
defined in human diabetes approximately 6 to 8 mofbllowing STZ-treatment in diabetic rats. Also,
they observed capillary dilation, endothelial cpibliferation, and varicose loop formation in some
diabetic rats (Robinson et al., 1991). Retinal maceurysms in trypsin-digested flat mounts of STZ-
induced diabetic rats were reported after 100 waeRO00 by Su et al (Su et al., 2000). In 2010rKer
al. compared retinopathy in three strains of dialwetts, they reported degeneration of retinal ltzaes
and pericyte ghosts in Lewis and Wistar rats coegbém nondiabetic controls after 8 months. In cstir
these changes were not significant in Sprague Darslis at the same duration of diabetes (Kern.get al
2010). In this study, some severe diabetic ocudangications were demonstrated in long time follav
It seems that duration of diabetes is a strongigi@dfor onset and progression of retinopathy @den
al., 2004). Considering entire life span, every-tifeyof a laboratory rat resembles a human mostha
diabetic rat with 9 months (270 day) diabetes ménsidiuman with 22 years diabetic duration (Sengupta
2013).

In human, DR is a prototypical microvascular dissrdassociated with microaneurysms,
intraretinal hemorrhages, capillary non-perfusioimtraretinal microvascular abnormalities, and
neovascularization (Gardner et al., 2011) on itgpssive stages. However, in rodents, these steayes
not completely identical with human and it seenzd Home of the early diabetic retinal changes olesker
in diabetic patients bypassed in the STZ- inducebetic rats that has been reported in SDT rat
previously (Kakehashi et al., 2006).

5. Conclusion

This study detected abnormalities in visual funttand vascular leakage in the STZ-induced
diabetic rats after a short time. We showed thatdbvere retinal changes could be detected in STZ-
induced diabetic rat in a long time duration of bdiles. Some changes including vitreous
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neovascularization attached to the retina andorigténal traction are very similar to the changast t
occur in human proliferative diabetic retinopatfiyactional changes may have been due to pre-retinal
membrane formation that exerts tractional forcestio& retina and pulls it away from the layer
underneath. Neovascularization demonstrated aftenofiths in this study can be a proof for the
development of proliferative retinopathy in the Siiduced male Wistar rats which can be a potential
target model for studying the pathogenesis andtreatments of DR.
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Figurelegends

Fig. 1. Control and diabetic ERG responses measured kiattapted state. The flash light luminance of
15 dB was set for recording. Each recording wasrdghed by averaging the responses of the eigh lig
stimuli. Red lines show the peak of a- and b-wawnethe control, while the black arrows indicate the
peak of a- and b-waves in the diabetic rats.

Fig. 2. Quantitative analysis of the Evans blue leakadee fetinal permeation of Evans blue-stained
albumin was evaluated at 1, 3, 6, and 9-month fioiets in the diabetic and age-matched control ggou
Data are means + SD, (n = 10-12 eyes from 5-6gratsp)

Fig. 3. Fluorescence micrographs of fluorescein-dextrafuped retinae in flat-mount preparation. Low
and high-magnification fluorescein angiographsetinal whole mounts obtained from control (A, B, C)
and diabetic (D, E, F) rats 9 months post-STZ injec (n = 5-6 eyes from 5-6 rats/group). The umifo
retinal vascular distribution was visible in allntml eyes. No vascular abnormalities were obseimed
the control eyes, while areas of retinal neovasmaton and extensive fluorescein leakage arotned t
optic disk, and tortuous vessels (D) were visilil® anonths of diabetes. (E) The pattern of incréase
vascular permeation and neovascularization wene sethe mid-peripheral retina flat-mount at 6 &nd
months of diabetes (red arrows). Higher magniftcatfluorescein angiographs of the mid-peripheral
retinae from a 9-month control (C) and diabetic (&) Significant vascular dilation, vascular loops
formation and shunting (red arrows) were obsermetidbetic retinae. (H) Increased vascular derssity
collateral vessel formation in a diabetic retinanpared with (G) age-match control retina. (I) Non-
perfusion area in mid-peripheral retina from a 9thodiabetic rat (white square) with capillary non-
perfusion (red arrow). Scale bar: 0.

Fig. 4. AngioTool was used to evaluate the vascular dgasitl branch points in each eye. Representative
retinae from a control (A) and diabetic rats a3, 6 (C), and 9 (D) months and the resulting insage
after analysis of the retinae in the control anabdtic rats. (E and F) Graphical representatiothef
analysis performed on 5-6 individual retinae infegmup. Data are means + SD. Scale bar: 200

Fig. 5. Histology of retina specimens from the control alabetic rats. (n = 6 eyes from 6 rats/group).
(A) H&E staining of retina from the control ratsasting no abnormalities at 1, 3, 6 and 9-month time

points. (B) H&E staining of retina from the dialmetats showing no abnormalities at 1 and 3 months o
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diabetes, while vascular hemorrhage (yellow arromesie visible in diabetic eyes at 6 and 9 months of
diabetes. Low (C) and high-magnification (D) phaotgghs obtained from 9-month diabetic rats showing
intraretinal hemorrhage and eosinophilic necrotaterial in the inner layer of the retina. (E) lmicalar
neovascularization on inner surface of the retind gitreous cavity may indicate that proliferative
retinopathy is developing. Yellow arrows show ndaoll vessels on the inner surface of the retina Th
formation of several retinal folds can be seenhis sections. Low (F) and high-magnification (G)
photographs obtained from 9-month diabetic ratswélgp hemorrhage and proliferative vascular
membrane in vitreous. Massive hemorrhage and neolaaization were visible in anterior angle (H) and
optic nerve head (I). Scale bar: .

Fig. 6. Photographic illustration of eyes and represergahtigtopathology lens images (400X) in control
(A) and diabetic (B) rats taken after 9 monthsthie control animals, the eye section showed nolemsl
without degeneration of background substance amliflbers. The Cataractous lenses of the STZ-uleate

rats revealed degenerative and destructive changes.
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Table 1 Average weight, water and food intake and bloagtgse levels of the control and diabetic grous & 6 and 9-

month time points

1-month 3-month 6-month 9-month
Groups Control Diabetic Control Diabetic Control Diabetic Control Diabetic
Weight (g) 32822 282+22* 360+15 285+24* 383+26 290+25* 405+26 300+22*
Water (ml/day) 50+10 215+22* 4814 214+29* 52+8 209+23* 51+8 207+16*
Food (g/day) 19+4 31+5* 24+3 39+4* 2243 39+3* 2243 40+3*
Glucose (mmol/L) 5.840.6 25.2+3.1* 5.9+0.5 26.1+3.0* 6.2+0.9 27+3.2* 6.1+0.7 27.4+3.4*

Data are meaa SD. * different from control p < .001, n= 10-12s&froup.

Table 2 The amplitude and latent time of rod responsas fitee control and diabetic rats at 1, 3, 6 and &ttntime points

1-month 3-month 6-month 9-month

Groups Baselin Contro Diabetic Contro Diabetic Contro Diabetic Contro Diabetic
a-wave

Amplitude (pv) 19.63+4.41 18.71+250 12,94 +2.63** 18.09 + 2.55 9.88 + 2.29** 17.05+£2.49 8.91 £ 1.95* 17.09 + 3.52 7.96 £1.97*
Latent Time (ms) 22.21+2.31 23.28 £1.79 23.58 +£2.96 22.45+1.83 25.91 + 3.20* 22.05+254  27.16 +3.98* 2249 +2.24 26.88 £ 4.16*
b-wave

Amplitude (uv) 62.35+16.26 60.69 +13.69 30.54+8.79** 63.17 +17.71 32.94+10.73* 55.81+1547 28.32+6.68** 52.07+12.31 26.20 +9.75**
Latent Time (ms) 49.11 +6.72 50.08 +5.33 50.63 £ 6.52 51.72 + 4.07 53.65+7.73 52.01 +8.44 56.25 + 5.66 51.77+596  58.50 + 7.04*

Data are means + SD. * different from control @5, **different from control p < .001, n= 18-20 eygroup.
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Highlights:

»  Severe DR needs along term follow up to be discovered in STZ-induced diabetic rats
» Retinal folding and vitreous neovascul arization were the most prominent findings

e STZ-induced diabetesis a suitable model in resource-limited settings for DR assessment



