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Introduction
Over 1 million deaths per year can be attributed to dia-

betes alone, making it the ninth leading cause of mortality 
[1]. Diabetic retinopathy (DR) is one of the most severe 
complications of diabetes mellitus (DM) and a common 
condition in ophthalmic practice. In 2012, there were ap-
proximately 93 million people with DR [2], 17 million 
with proliferative DR, and 28 million with vision-threat-
ening DR worldwide [3].

It is important that, in patients with type 1 DM, DR 
can develop as early as 3-5 years after the onset of dia-

betes [4]. In 2017, approximately 462 million individuals 
were affected by type 2 DM. Additionally, the number of 
individuals with DM was projected to increase to about 
600 million by 2035, and to 730 million in 2050, with an 
increase in the number of patients with DR [5-7].

Unfortunately, the prevalence of DM and DR in 
Ukraine is high similar to other countries, which is in-
dicated by reports from the literature. Korobov [8] and 
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Purpose. To perform morphometric analysis of retinal structural components in 
СВА/С57 mice in experimental diabetes mellitus (DM) in an attempt to obtain 
measurable characteristics of possible retinal neurodegenerative changes 
required for comparison with those in the diabetic retina of other species.
Material and Methods. We retrospectively reviewed hematoxylin-and-eosin 
(H&E) stained specimens of eyes from eight СВА/С57 mice with diabetes 
duration of 6 months or less and healthy control animals. Total retinal thickness 
and thicknesses of the following retinal layers were measured:  the photoreceptor 
layer (PRL), outer nuclear layer (ONL), outer plexiform layer (OPL), inner 
nuclear layer (INL), inner plexiform layer (IPL), ganglion cell layer (GCL), and 
nerve fiber layer (NFL). The numbers of neural-cell rows in both nuclear layers 
were calculated visually.
Results. The mean total thickness of the retina was 197.2 ± 6.32 µm for healthy 
controls and 227.8 ± 6.2 µm for diabetic animals. In controls and diabetic 
animals, the mean thicknesses for particular retinal layers were as follows: PRL, 
54.4 ± 2.49 µm and 54.9 ± 1.69 µm, respectively; ONL, 47.1 ± 1.73 µm and 49.8 
± 1.69 µm, respectively; OPL, 15.7 ± 1.08 µm and 16.5 ± 0.75 µm, respectively; 
INL, 24.6 ± 1.094 µm and 32.1 ± 1.46 µm, respectively; IPL, 41.6 ± 1.79 µm and 
52.9 ± 1.73 µm, respectively;  and GCL plus NFL, 13.8 ± 0.92 µm and 21.6 ± 
1.05 µm, respectively. In addition, the numbers of neural-cell rows in the ONL 
were 9.1 ± 0.32, and 10.0 ± 0.38, respectively, and in the INL, 3.6 ± 0.13 µm, and 
3.8 ± 0.16, respectively. In diabetic mice, thicknesses of all inner retinal layers 
(INL, IPL, and GCL plus NFL) were increased due to edema (р ˂ 0.01 for all 
cases), resulting in a 30.6-µm increase in the total thickness of the retina. There 
was no microscopic evidence of neurodegeneration.
Conclusion: Microscopic images of the retina and measurements of thickness 
of individual retinal layers and numbers of neural-cell rows in retinal nuclear 
layers for mice with diabetes duration of 6 months or less indicated that a mouse 
model of streptozotocin-induced diabetes cannot be considered well suited for 
H&E staining assisted histological assessment of neurodegenerative changes.
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Chugaiev [9] reported that of the diabetic patients present-
ing to them, 25-27.5% were found to have DR. The num-
ber of people living with DM in the country was as large as 
2.3 million for 2021 [10], with a contribution of 95% from 
type 2 DM [11]. Diabetes is still a major cause of blindness 
in adults older than 65 years of age [12], and individuals 
with diabetes are 25 times more likely to become blind 
than those in the general population [13].

This year, we substantiated the importance of conduct-
ing morphometric studies of neural cells in major species 
of laboratory animals (rats, mice and rabbits) and patients 
with DM, and clarified some outcome measures of these 
studies (e.g., measurements of the thickness of the total 
retina and individual retinal layers and numbers of neural-
cell rows in the inner and outer nuclear layers in diabetic 
animals). We also concluded that, for Wistar rats with di-
abetes duration of 3 months, microscopic images of the 
retina and calculations of thicknesses of individual retinal 
layers and numbers of neural-cell rows in retinal nuclear 
layers provided no indication of neurodegenerative chang-
es at this time point [14].

This conclusion is especially important, taking into ac-
count that DR initially affects not the retinal vasculature 
but neural retinal cells [15]. The current study continued 
the research in this field, but was conducted on animals of 
another species, СВА/С57 mice.

The purpose of this study was to perform morphomet-
ric analysis of retinal structural components in СВА/С57 
mice in experimental DM in an attempt to obtain measur-
able characteristics of possible retinal neurodegenerative 
changes required for comparison with those in the diabetic 
retinae of other species.

Material and Methods
We retrospectively reviewed archival histological 

specimens of eyes, both from eight СВА/С57 mice with 
diabetes duration of 6 months or less and healthy con-
trol animals, stored in the Pathological Anatomy Labora-
tory, SI “The Filatov Institute of Eye Diseases and Tissue 
Therapy of the National Academy of Medical Sciences of 
Ukraine”. Multiple low-dose streptozotocin (STZ) injec-
tions (40 mg/kg) were given for 5 days to induce diabetes 
in mice. All 5-µm histological sections were stained with 
hematoxylin and eosin. Taking into account that, in mi-
croscopic studies, the vitreoretinal structure of the mouse 
with two-month diabetes duration does not differ practi-
cally from that of the mouse with six-month diabetes du-
ration (it is the histological sections of such animals that 
are stored in the laboratory archive), it was decided to 
consider only two groups of animals (a group of diabetic 
mice and a group of healthy control mice) in morphometic 
calculations.

These archival specimens have not been used previ-
ously for morphometic calculations. To perform morpho-
metric calculations, we employed the classical histological 
methodology with the use of eyepiece micrometer. The 
actual size of each division of the eyepiece micrometer 

was determined with the help of the object micrometer at 
the specified magnification (objective magnification, x40, 
eyepiece magnification, x7) of the Laboval 4 microscope 
(Zeiss, Jena, Germany). Total retinal thickness was mea-
sured in micrometers, and the thickness of the following 
layers were measured in the neurosensory retina:  the pho-
toreceptor layer (PRL), outer nuclear layer (ONL), outer 
plexiform layer (OPL), inner nuclear layer (INL), inner 
plexiform layer (IPL), ganglion cell layer (GCL), and 
nerve fiber layer (NFL). The numbers of neural-cell rows 
in both nuclear layers were calculated visually.

Statistical analysis was performed using JASP (Ver-
sion 0.18.1; JASP Team, Amsterdam, The Netherlands). 
Mean and standard deviation (SD) values were calculated 
for each sample. The Student t-test was used to determine 
differences between mean values. P-values less than 0.05 
were considered significant [16]. Additionally, the per-
centage contribution of each retinal layer to the total thick-
ness of the retina was calculated and compared among the 
two groups.

Results
All the layers typical of the retina of a normal mouse 

could be seen in the retina of an untreated diabetic mouse 
(Figures 1-3). It should be, however, noted that СВА/С57 
mice are not albino and have melanin inclusions in their 
retinal pigment epithelial (RPE) cells (note RPE in the top 
left of Fig. 2).

For normal control animals, the mean total thickness 
of the retina was 1972.2 µm (SD 37.92). In addition, the 
mean PRL thickness was 54.4 µm (SD 14.98), and the 
mean ONL thickness was 41.7 µm (SD 10.24) (Table 1). 
The ONL consisted of 9.1 neural-cell rows (SD 1.92), with 
a mean error of 0.32. The OPL thickness was 15.7 µm (SD 
6.45). The mean INL thickness was 24.6 µm (SD 6.57), 

Fig. 1. Neural retina of a healthy control mouse. Hematoxylin 
and eosin staining. Objective magnification, x40; eyepiece 
magnification, x7.
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and the number of neural cells was substantially smaller in 
the INL than in the ONL. The INL consisted of 3.6 neural-
cell rows (SD 0.81), with a mean error of 0.13. The IPL 
was 41.6 µm (SD 10.75) and was thicker than the OPL, 
and the mean thickness of the GCL plus NFL was 13.8 µm 
(SD 5.54)).

For diabetic animals, the mean total thickness of the 
retina was 227.8 µm (SD 51.97). In addition, the mean 
PRL thickness was 54.9 µm (SD 14.14), and the mean 
ONL thickness was 49.8 µm (SD 14.8) (Table 1). The INL 
consisted of 10.0 neural-cell rows (SD 2.89), with a mean 
error of 0.38. The mean OPL thickness was 16.5 µm (SD 
6.26). The mean INL thickness was 31.1 µm (SD 12.21) 
and the number of neural cells was substantially smaller in 

the INL than in the ONL, similar to normal animals. The 
INL consisted of 3.8 (SD 1.22) neural-cell rows, with a 
mean error of 0.16. The mean IPL thickness was 52.9 µm 
(SD 14.52), and the IPL was thicker than the OPL, similar 
to normal animals. The mean thickness of the GCL plus 
NFL was 21.6 µm (SD 8.85), and was 1.6 times thicker 
than in controls.

In control mice, the percentage contribution of the PRL, 
ONL and OPL to the total thickness of the retina were larg-

Fig. 2. Neural retina of a mouse with 2-month diabetes du-
ration. Note retinal pigment epithelial cells in the top left of 
the image (arrow). Hematoxylin and eosin staining. Objective 
magnification, x40; eyepiece magnification, x7.

Fig. 3. Neural retina of a mouse with 6-month diabetes du-
ration. Hematoxylin and eosin staining. Objective magnifica-
tion, x40; eyepiece magnification, x7.

Table 1. Comparison between diabetic mice and healthy controls in terms of thicknesses of individual retinal layers and the 
percentage contribution of each retinal layer to the total thickness of the retina

Retinal layers

Retinal later thickness (µm)
mean ± error of mean

(percentage contribution to the total thickness of the retina) P-value

Control group , n= 3 Diabetic animals,  n= 5

Photoreceptor layer 54.4± 2.49
(27.59 %)

54.9 ± 1.69
(24.1%) >0.05

Outer nuclear layer 47.1 ± 1.73
(23.88%)

49.8 ± 1.69
(21.86%) >0.05

Outer plexiform layer 15.7 ± 1.08
(7.96%)

16.5± 0.75
(7.24%) >0.05

Inner nuclear layer 24.6 ± 1.09
(12.48%)

32.1 ± 1.46
(14.1%) ˂0.01

Inner plexiform layer 41.6 ± 1.79
(21.09%)

52.9 ± 1.73
(23.22%) ˂0.01

Ganglion cell layer plus nerve fiber layer 13.8 ± 0.92
(7.0%)

21.6 ± 1.05
(9.48%)

˂0.01

Total 197.2±6.32
100%

227.8±6.2
100%      
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er, whereas those of the ONL and OPL were smaller than 
in diabetic mice (Table 1). Additionally, in diabetic mice, 
the percentage contribution of the retinal GCL and NFL 
to the total thickness of the retina were larger than in con-
trol mice. Therefore, the PRL was the thickest layer in the 
mouse retina, followed by the ONL and OPL (Table 1). In 
total, these three layers accounted for more than 70 percent 
of the total thickness of the retina both in controls and in 
diabetic mice. The GCL plus NFL was the thinnest retinal 
layer, contributing 7% to the total thickness of the retina 
in a healthy СВА/С57 mouse. The percentage contribution 
of the OPL to the total thickness of the retina was less than 
8% both in controls and in diabetic mice (Fig. 4).

Discussion
Microscopic studies of archival specimens allow a pre-

liminary conclusion to be drawn on the absence of severe 
neurodegenerative changes in the retinal layers of СВА/
С57 mice with STZ-induced diabetes. Certainly, the level 
of evidence increases with the use of morphometric analy-
sis of the thickness of the retinal layers and calculation of 
the numbers of neural-cell rows in the INL and ONL. This 
is associated with the fact that a change that takes place in 
marked neurodegeneration and neural cell death is a sub-
stantial reduction in the thickness of relevant retinal layers 
and the numbers of neural-cell rows in the INL and ONL. 

It can be easily seen from the above data that there were 
some significant differences in the retinal layers between 
a healthy mouse and a diabetic mouse, but not between a 
diabetic rat and a healthy rat [14]. These differences were, 
however, of a quantitative nature only. These included a 
reliably significant increase (р ˂ 0.01) in the thickness 
of the INL, IPL, and GCL plus NFL (i.e., the layers of 
the inner retina), with a significant increase in the thick-

Fig. 4. Thickness of individual retinal layers and the percentage contribution of each retinal layer to the total thickness of the 
retina in healthy controls and diabetic mice. Note: 1, photoreceptor layer; 2, outer nuclear layer; 3, outer plexiform layer; 4,  
inner nuclear layer; 5, inner plexiform layer; 6, ganglion cell layer plus nerve fiber layer

ness of the total retina. The above phenomenon is likely 
to be caused by intrinsic vascularization of the layers of 
the inner retina in the mice. This is indicated also by the 
comparison of histological micrographs of the retina from 
mice with duration of diabetes of 2 months and 6 months 
(Figs. 2 and 3) with that of the retina from a healthy con-
trol mouse (Fig. 1).

We found that, in diabetic mice with duration of dia-
betes as long as 6 months, neither the thickness of retinal 
layers nor the numbers of neural-cell rows in the INL and 
ONL were significantly reduced compared to healthy con-
trols. On the contrary, the thickness of the four inner retinal 
layers (INL, IPL, and GCL plus NFL) were increased due 
to edema (р ˂ 0.01 for all cases), and the thickness of the 
outer retinal layers tended to increase (р > 0.05) compared 
to controls (Table 1). This proves the absence of signs of 
neurodegenerative changes in the retinal layers of diabetic 
mice at 6 months after disease onset. If neurodegenera-
tive changes in the neuoretinal tissue were present, there 
would be a reduction not only in the number of neural cells 
and neural-cell rows in the INL and ONL, but also in the 
thickness of these layers. However, no such changes were 
detected. We believe that this may be explained using the 
analysis of the vascular bed of the mouse retina. In most 
mammals (including humans, rats and mice), the retina is 
vascularized, which is beneficial for its blood supply [15]. 
In the diabetic mouse, however, the internal retina be-
comes edematous, likely indicating that this species is not 
so capable of regenerating beta cells of the pancreas as the 
diabetic rat that may even develop a spontaneous diabetic 
remission [17, 18]. Rodent models of diabetes have been 
refined over time [19].
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It should be taken into account that, it has been be-
lieved since the early 2000s that DR initially affects not 
the retinal vasculature but neural retinal tissue [20, 21] that 
undergoes neurodegeneration. Consequently, the mouse is 
not a species well suited for investigating diabetic reti-
nal neurodegeneration with histological section staining. 
That is, we repeat the conclusion drawn in our previous 
paper with regard to investigation of the rat eye in diabetes 
[14]. The collection of the pathological anatomy includes 
also archival histological specimens of eyes from another 
laboratory species, the rabbit. Comparative morphometric 
studies similar to those performed in this work but using 
archival specimens of eyes from the rabbit will allow iden-
tifying the species with the most apparent signs of reti-
nal neurodegeneration in DM. It is on these species that it 
would be reasonable to test potential medications for the 
treatment of DR.
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