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Abstract: To evaluate the use of mirror test in an open field arena as a visual function assessment tool in a 
rodent model of diabetes. Male Sprague-Dawley rats were divided into diabetic rats, that received 
intraperitoneal streptozotocin (55 mg/kg body weight) for induction of diabetes, and control rats that 
similarly received citrate buffer. Rats with a blood glucose level of more than 20 mmol/L were considered 
diabetic. Blood glucose was monitored weekly throughout the experimental period. General behavioural 
assessment of the rats was done at week 12 post-induction using open field arena, followed by visual-
behavioural assessment with mirror and reversed mirror added in the arena. Subsequently, rats were 
euthanised and subjected to haematoxylin and eosin staining (H&E) staining to assess changes in retinal 
morphology. In the open field test, diabetic rats showed a lesser number of zone crossings (3.73-fold, 
p<0.001), total distance travelled (2.02-fold, p<0.001), number of rearing episodes (2.22-fold, p<0.001) and 
number of grooming episodes (4.33-fold, p<0.01) but a greater number of freezing episodes (2.47-fold, 
p<0.001) and number of the faecal pellet (4.17-fold, p<0.01) compared to control rats. Control rats spent 
more time with higher zone entries toward mirrored than non-mirrored and reversed mirror zones (p<0.05 
and p<0.01 respectively), whereas diabetic rats showed no preference for zones.  Normal rats also showed 
higher freezing episodes within the mirrored zone compared to diabetic rats (2.00-fold, p<0.05). The retinal 
morphometry showed significant thinning of various retinal layers in the diabetic group compared to control 
rats. Visual behavioural activities of diabetic rats in an open field arena with the presence of a mirror could 
detect the presence of visual loss. Changes in visual functions positively correlated with changes in retinal 
morphology. Therefore, an open field mirror test could be used as an alternative for assessing visual function 
in the rodent model of diabetes. 
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1.0  INTRODUCTION 
Diabetic retinopathy (DR) is one of the common 
microvascular complications of diabetes mellitus, which 
is expected to affect 160.50 million people in 2045 (Teo 
et al., 2021). Visual function deterioration with the 

progression of DR may lead to blindness. To understand 
the pathophysiology of DR and the development of 
future therapies to combat this disease, the use of an 
animal model is inevitable. The streptozotocin-induced 
rat model of diabetes is among the commonly used 
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models to mimic DR and retinal neurodegeneration in 
humans (Abdul Nasir et al., 2017; Kohzaki et al., 2008; 
Tzeng et al.,  2016).   
 
Visual function tests have commonly been used as a tool 
for the assessment of retinal neurodegeneration in 
rodents. Direct visual-behavioural tests such as the 
optokinetic response test (Mdzomba et al., 2020) and 
trained visual-behaviour tests such as the two-direction 
water maze test (Prusky et al., 2000). The optokinetic 
response test objectively evaluates rodent visual acuity 
by tracking a stimulus moving from the temporal to 
nasal visual field (Douglas et al., 2005). The utility of this 
technique is controversial in albino rats because of 
functional deficits in their optokinetic system (Thomas 
et al., 2004).  
 
The visual-behaviour test has rarely been used in rats 
with streptozotocin-induced DR due to difficulties in 
interpreting whether the likely cause of altered 
behavioural performance is attributable solely to visual 
changes. Firstly, behaviour test that requires strength 
and endurance such as water-maze is challenging for 
diabetic rodents as they are in catabolic condition, 
which may affect their performance (Etemad et al., 
2015). Secondly, hyperglycaemia affects all organs 
including the brain and muscle which could alter their 
behaviour (Aparicio et al., 2016). These factors may 
contribute to poor performance which may 
inappropriately be attributed to poor visual functions.  
Therefore, in this study, we evaluated the use of the 
open field mirror test as a tool for the assessment of 
visual impairment in rats with streptozotocin-induced 
diabetes.  
 
2.0  MATERIALS AND METHODS 
2.1  Animals and grouping 
All experiments were conducted at the Centre for 
Neurosciences (NeuRon), Faculty of Medicine, 
Universiti Teknologi MARA in accordance with the 
Association for Research in Vision and Ophthalmology 
(ARVO) statement for the use of animals in vision 
research. Institutional approval from UiTM Committee 
on Animal Research & Ethics, UiTM CARE 3/2019/ 
(286/2019) was obtained. Sprague-Dawley male rats, 
weighing 200-250 grams (9 weeks old), were kept in the 
Laboratory Animal Care Unit (LACU) of Faculty of 
Medicine, Universiti Teknologi MARA on a 12-hour 
light/dark cycle with food and water available ad 
libitum. The rats were acclimatised for one week before 
starting the experiment and were examined for any 
systemic or ophthalmic abnormalities. Rats that showed 
no abnormalities were included in the experiment. 

2.2  Study design 
Animals were divided into two groups: healthy (control) 
rats (n=8) and Streptozotocin-induced Diabetic 
Retinopathy (SIDR) rats (n=10). The number of rats 
included in the SIDR group was higher due to the high 
mortality rate associated with this model. The rats in 
group 2 were subjected to induction of diabetes using 
streptozotocin. Behavioural tests, which included open 
field and mirror tests, were performed at twelve weeks 
post-diabetes induction. An open field test was done 
two days before euthanising the rats, whereas a mirror 
test was done on the day the rats were euthanised. Rats 
were then anaesthetised with an intraperitoneal 
injection of 0.14 mg/kg body weight Sodium 
Pentobarbital (Dolethal®, Vetoquinol UK Ltd, 
Northamptonshire, UK) and eyeballs were collected for 
assessment of retinal morphology using hematoxylin 
and eosin (H&E) staining. This was followed by 
euthanisation through cardiac puncture. 
 
2.3  Induction of diabetes 
All animals were fasted overnight prior to induction of 
diabetes. Streptozotocin (Catalog No: sc-200719, Santa 
Cruz Biotechnology, Inc., Texas, US) solution was 
prepared in an ice-cold sodium citrate buffer (10 
mmol/L, pH 4.5) and was given through a single 
intraperitoneal injection at a dose of 55 mg/kg body 
weight. Blood from the tail vein was collected 48 hours 
after injection and then weekly to measure blood 
glucose level using the Accu Chek Performa glucometer 
(Roche Diagnostic, Basel, CH). The rats were considered 
diabetic if the blood glucose level was higher than 20 
mmol/L (Abdul Nasir et al., 2017; Cheng et al., 2006; 
Khathi et al., 2013) and were included in the study. The 
control group received a single intraperitoneal injection 
of 0.1 ml of sodium citrate buffer.  
 
 
2.4  Assessment of exploratory behaviour in open field 
test 
The exploratory behaviour of rats was assessed in an 
open field test using a method described previously 
(Aizuddin Mohd Lazaldin et al., 2020; Iezhitsa et al., 
2011; Spasov et al., 2008). The observations were done 
in an open field test arena with dimensions 82 × 82 cm 
enclosed by 25-cm high white colour acrylic plastic 
walls. The whole arena was divided into peripheral and 
central zones (Figure 1A). All sessions were randomised 
with respect to control and diabetic rats a day before 
euthanasia. The rats were allowed to acclimate to the 
behavioural room environment for 24 hours and pre-
handled for 30 minutes before the testing commenced. 
The rats were evaluated once to avoid issues with 
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habituation. All behavioural tests were performed 
between 0800 to 1200 to prevent any circadian related 
fluctuation with the performance of the animals. A 
digital video camera placed 2.5 m above the central 
zone was used to record experimental sessions. During 
the experiment, rats were placed at the centre of the 
arena. The following parameters were observed for 10 
min:  
 
(i) Total distance travelled 
(ii) Frequency of freezing episodes (frequency at which 

the animal does not move for more than 2 seconds) 
(iii) Frequency of rearing episodes (frequency at which 

the animal stood on its hind limbs) 
(iv) Frequency of grooming episodes (frequency of 

licking and scratching) 
(v) Number of faecal pellets excreted 
(vi) Frequency of zone crossings  
 
The open field arena was cleaned with 70% alcohol 
between test sessions to remove all sensory stimuli. The 
data was then analysed using Any Maze software 
version 4.0 (Stoelting Co., Wood Dale, Illinois, US). 
 
2.5  Assessment of visual impairment in the open field 
mirror test  
The design and procedure for the open field mirror test 
were adapted from the method earlier described by 
Naim et al. (2010). The open field arena was divided into 
three zones labelled A, B, and C, further divided into 
three subzones (Figure 1B). The dimension for each 
subzone was 27.33 x 27.33 cm. A mirror with 
dimensions of 25 x 25 cm was placed in the middle of 
the wall in zone A. A reversed mirror of the same size 
with a non-reflective surface was placed on the 
opposite wall in Zone C, the surface of which mimicked 
the actual mirror except that it was not a reflective 
surface (Figure 1B). Zone B contained no mirror and was 
designated as a ‘null zone’. All sessions were 
randomised with respect to control and diabetic rats on 
the day prior to euthanasia. For the open field test, the 
experimental sessions were recorded with a digital 
video camera. Each rat was placed in the central part of 
the open field arena. The following behavioural 
parameters were observed for 10 minutes:  
 
(i) Total distance travelled 
(ii) Time spent in the mirror-, reversed mirror- and null 

zones  
(iii) Frequency of zone entries  
(iv)  Frequency of freezing episodes 
 
 

 
 

Figure 1: Representative diagrams showing the set-up of 
equipment for open field mirror test. (A) The open field test 
arena with two zones: central and peripheral; (B) Mirror 
placement in the open field arena. A2: mirrored area, C2: 
reversed mirror, B1 and B3: null zones. 

 
 
2.6  Assessment of retinal morphology  
Eyeballs were enucleated and fixed in 10% neutral 
buffered formalin for 24 hours, followed by paraffin 
embedding. Eyeballs were sectioned at 1 mm from the 
temporal edge of the optic disc with 3 µM thickness. The 
tissue sections were then stained with H&E. The stained 
retinal sections were examined by two independent 
observers using a light microscope (Olympus IX8, 
Olympus Corporation, Tokyo, Japan). The retinal 
sections (n=8) were obtained at 1 mm from the 
temporal edge of the optic disk. Five randomly selected 
areas of 3 x 106 µm2 from each section were captured 
using imaging software (NIS-Elements Basic Research, 
version 4.30, Nikon Instrument Inc., Tokyo, Japan). The 
thickness of the inner retina (IR), outer retina (OR), 
ganglion cell layer (GCL), and total retina were 
measured using Image J software (Image J 1.31, 
National Institutes of Health, Bethesda, MD, USA). 
 
2.7  Statistical analysis 
Data from both open field test and morphometric 
analysis was presented as mean ± standard deviation 
(SD) and was analysed using an unpaired T-test (SPSS 
22.0, SPSS Inc., Chicago, IL). In contrast, data from the 
mirror test was presented as mean ± standard error of 
the mean (SEM) and was analysed using the Kruskal-
Wallis H test. A p-value less than 0.05 was considered 
statistically significant.  
  
3.0  RESULTS 
3.1  Blood glucose level 
During the experiment, two rats from the  diabetic 
group were found dead. Hence, there were 8 rats in the 
normal group and 8 rats in the SIDR group (n=8). The 
blood glucose level in diabetic rats remained 
significantly higher compared to control rats starting 
from  48  hours  post-STZ  injection  until the  end  of  the 
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Figure 3: The task performance by rats with streptozotocin-induced diabetes compared to control rats in open field test: (A) 
Total distance travelled; (B) Frequency of freezing episodes; (C) Frequency of rearing episodes; (D) Frequency of grooming 
episodes; (E) Number of faecal pellet; and (F) Frequency of zone crossings. Differences in the travelling pattern of rats is shown 
in the track plot for both control and diabetic groups. n=8, ** p<0.01, *** p<0.001. 

Figure 2: The blood glucose level of 
diabetic rats compared to control rats 
during 12 weeks of experimental period. 
n=8, *p <0.001 compared to control 
group 
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experimental period (p<0.001). The mean blood glucose 
for control rats at week 12 of the experiment was 
8.0+0.47 mmol/L compared to 33.3+0.18 mmol/L in the 
SIDR group (Figure 2).   
 
3.2  Open field test 
The STZ-induced diabetic rats demonstrated the lesser 
frequency of zone crossings (3.73-fold, p<0.001), total 
distance travelled (2.02-fold, p<0.001), frequency of 
rearing episodes (2.22-fold, p<0.001) and frequency of 
grooming episodes (4.33-fold, p<0.01) compared to rats 
in the control group. Additionally, diabetic rats showed 
a greater frequency of freezing episodes (2.47-fold, 
p<0.001) and the number of the faecal pellet (4.17-fold, 
p<0.01) compared to the control rats (Figure 3).  
Comparison of the track plots for control rats revealed 
uninhibited exploratory activity. In contrast, the 
diabetic rats showed relatively lesser exploratory 
activity that was especially notable in the peripheral 
zone of the open field arena. 
 
3.3  Mirror test 
In this study diabetic rats did not demonstrate any zone 
preference whereas control rats showed a higher 
preference for zone A2. The controls rats had greater 
frequency of entries to zone A2, total time spent, 
distance travelled and freezing episodes in zone A2 
compared to diabetic rats (Figure 4).  
 
3.4  Retinal morphology 
The thickness of the various retinal layer was measured 
using H&E-stained retinal sections (Figure 5A). The 
thickness of IR, OR, GCL and total retina was lesser in 
SIDR by 1.39-, 1.54-, 1.86- and 1.45-fold respectively, 
compared to the normal control rats (p<0.05) (Figure 
5B).  
 
4.0  DISCUSSION 
Retinal dysfunction following prolonged periods of 
hyperglycaemia leads to visual disturbances such as loss 
of visual field, visual acuity, colour sensitivity and 
contrast sensitivity (Bao et al., 2019; Henricsson & Heijl, 
1994; Maguire et al., 2020). In the experimental setting, 
it is important to have visual function assessment tests 
that could help to evaluate changes in visual functions 
of rats with diabetes and associated retinopathy. 
 
In this study, we assessed the utility of the Open Field 
Mirror Test described earlier by Naim et al. (2010) using 
piglets as a tool for the assessment of visual impairment 
in rats with streptozotocin-induced diabetes. Open field 
test is commonly used in behavioural studies and is 
accepted as a standard tool to assess rodents' 

exploratory behaviour and general activity since its 
introduction for the first time by Hall & Ballachey 
(1932). In this study, we observed slower locomotor and 
exploratory activities in diabetic rats, which included 
lesser zone crossings, distance travelled, and total 
rearing compared to control rats. The anxiety-related 
behavioural patterns were also enhanced in diabetic 
rats as evidenced by a lower number of grooming 
episodes, a higher number of freezing episodes and 
faecal pellets excreted. Similar observations were seen 
in several behavioural studies conducted earlier using 
rat models of STZ-induced diabetes (Ergenc et al., 2019; 
Rajashree et al., 2011; Tang et al., 2015). Several factors 
were suggested to be involved in anxiety-related 
behaviour in diabetic rats. Among them most notable 
are reduction of serotonin synthesis and metabolism 
(Thorré et al., 1997), dysregulation of neurotrophic 
factors influenced by C-peptide deficiency (Sima et al., 
2009) and chronic inflammatory responses towards 
neurons and synapses due to insulin deficiency 
(Rajashree et al., 2011). However, the actual 
pathophysiological mechanism of diabetes-induced 
anxiety remains unclear (Rajabi et al., 2018). 
 
In Open Field Mirror Test, control rats spent more time 
in front of the mirror compared to null zones and zone 
with reversed mirrors. This may be the reason they 
exhibited more freezing episodes while in front of the 
mirror. Naim et al. (2010) and Broom et al. (2009) 
observed a similar type of behaviour in normal piglets, 
which suggests that animals with intact visual function 
could recognise the reflection in the mirror. Rats have 
been found to have good visual recognition (Hölscher et 
al., 2005). Rats also can distinguish between conspecific 
rat and their reflection in the mirror and are known to 
be aware of the changes in their surroundings (Hills & 
Butterfill, 2015). However, it is unclear whether rats 
perceive mirror images of themselves as their images 
(Ueno et al., 2020). As was observed by Naim et al. 
(2010) and Broom et al. (2009) for piglets, we also noted 
that control rats showed considerably greater interest 
in interacting with the mirror than with the other novel 
object, the reversed mirror. 
 
Interestingly, control rats also showed higher 
exploratory activity in A1 and A3 zones, situated next to 
the mirror zone. This could be explained by the fact that 
rats have a wide visual field (Wallace et al., 2013) 
despite having low visual acuity (Prusky et al., 2000). In 
fact, rats have a large panoramic field of view extending 
in front, above and behind the animal’s head (Wallace 
et al., 2013) and that perhaps made them see the 
reflection in the mirror even from A1 and A3 zones.  
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No zone preferences were observed among diabetic 
rats and time spent in all zones was almost equal. 
Observed behaviour was not associated with 
habituation to an increasingly familiar environment as 
the rats were not subjected to prior training and a single 
session of test was performed over 10 minutes. 

Therefore, it seems that the diabetic rats have some 
degree of visual loss that affects their ability to 
recognise themselves via the mirror. This is likely to 
result in their inability to distinguish one novel object, 
mirror, from the other novel object, reversed mirror.   

 

 
 

Figure 4: The task performance by rats with streptozotocin-induced diabetes compared to control rats in mirror test: (A) Total 
distance travelled; (B) Time spent in various zone (C) Frequency of zone entries; and (D) Frequency of freezing episodes. 
Differences in the travelling pattern of rats is shown in the track plot for both control and diabetic groups. n=8, *p<0.05, ** 

p<0.01, *** p<0.001 
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The abnormal visual behaviour activities seen in 
diabetic rats in this study corresponded with the retinal 
morphometric changes. The retinal morphometric 
analysis showed that various retinal layers were 
significantly thinner compared to normal control rats. 
Similar observation on the retinal layer thickness was 
made in several other studies using a rodent model of 
STZ-induced DR (Kim et al., 2016; Ozaki et al., 2018; Yang 
et al., 2015). Structural neurodegenerative alterations 
such as neural apoptosis, ganglion cells death, and 
reduction in retinal layer thickness have been found in 
the earliest stages of DR (Tang et al., 2020). DR 
manifests clinically with microvascular changes; 
however, studies have shown that disruption of the 

neurovascular unit occurs early in the disease process 
and leads to neurodegeneration, which includes 
reduced neuronal functions and neural cell apoptosis. 
The retinal ganglion cells, amacrine cells, and also 
photoreceptors, undergo apoptosis which reflects 
morphological changes in the retina including reduction 
of the thickness of its various layers (Tonade & Kern, 
2020). Hence, thinning of retinal layers is an important 
morphological change, indicating neurodegeneration 
and this has been confirmed by optical coherence 
tomography (OCT) in the early phase of DR (Jiang et al., 
2018). In the current study, we observed significant 
thinning  of  various  layers of the  retina in diabetic rats  

 

 
 
Figure 5: (A) Microphotograph of H&E-stained retinal sections showing the thickness of various retinal layers in diabetic rats 
compared to control rats (magnification 20×). White arrow: thickness of inner retina (IR); Red arrow: Thickness of outer retina 
(OR); Black arrow: Thickness of ganglion cell layer (GCL); Green arrow: total retinal thickness. n=8 (Scale bar: 50 µm). (B) The 
thickness of various retinal layers of diabetic rats compared to control rats (I) IR, (II) OR, (III) GCL, (IV) Total retina and (V) 
Number of cell count in GCL are presented using box and whisker plots. Boxes show median, lower quartile, and upper quartile, 
whereas whiskers show the data variability outside the upper and lower quartiles. n=8, *p<0.05, ** p<0.01, *** p<0.001. 

 
 
compared to control rats presumably due to loss of 
neural elements. Other studies have also shown that 
the induction of diabetes in rats is associated with 
reduced thickness of various retinal layers (Ali et al., 
2019; He et al., 2019; Zhang et al., 2020). The structural 
changes translate into functional alterations and have 
clinical consequences in terms of defects in a sensory 
capacity, involving reduced hue discrimination, colour 
sensitivity, delayed dark adaptation, and abnormal 
visual fields. In the current study, consequences of 

retinal morphological changes seem to translate into 
altered visual-behaviour responses (Simó et al., 2018; 
Trento et al., 2017).  
 
Visual loss in diabetic rodents has been observed as 
early as one month after STZ injection (Aung et al., 
2014). Retinopathy in a streptozotocin-induced model 
of diabetes is associated with the damage of retinal 
vasculature which could result in haemorrhages, 
macular oedema, and neovascularisation (Jackson & 
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Barber, 2010). As such, evaluation of visual function is 
an important step for the assessment of STZ-induced 
DR. 
 
5.0  CONCLUSIONS  
Advantages of open field mirror test is the simplicity of 
design and procedure, which does not require 
specialised techniques and enables the rapid 
assessment of visual function in rats. Additionally, this 
method does not require animal training prior to the 
main experiment, making it useful not only for assessing 
visual impairment but also for screening potentially 
retinoprotective drugs. Notably, the poor muscle 
strength of animals is not a significant limitation in 
mirror test compared to water maze test. In the water 
maze test, impaired muscle strength may contribute to 
poor task performance by animals which may be 
misinterpreted as the deficiency of visual functions. 
Considering these benefits, the mirror test described in 
this study appears to have an advantage to be used as 
an alternative or additional visual function assessment 
tools, particularly for diabetic rats. 
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