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Purpose. To perform morphometric analysis of retinal structural components in
CBA/C57 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 CBA/C57 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 um for healthy
controls and 227.8 £ 6.2 um for diabetic animals. In controls and diabetic
animals, the mean thicknesses for particular retinal layers were as follows: PRL,
54.4 £ 2.49 um and 54.9 £ 1.69 um, respectively;, ONL, 47.1 + 1.73 um and 49.8
+ 1.69 um, respectively; OPL, 15.7 £ 1.08 um and 16.5 = 0.75 um, respectively;
INL, 24.6 £ 1.094 um and 32.1 + 1.46 um, respectively, IPL, 41.6 + 1.79 um and
52.9 + 1.73 um, respectively; and GCL plus NFL, 13.8 + 0.92 um and 21.6 +
1.05 um, 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 um, 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 (p < 0.01 for all
cases), resulting in a 30.6-um 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.

betes [4]. In 2017, approximately 462 million individuals

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-

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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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, CBA/C57 mice.

The purpose of this study was to perform morphomet-
ric analysis of retinal structural components in CBA/C57
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 CBA/C57 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-pm 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 CBA/C57
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 um (SD 37.92). In addition, the
mean PRL thickness was 54.4 um (SD 14.98), and the
mean ONL thickness was 41.7 um (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 pm (SD
6.45). The mean INL thickness was 24.6 pm (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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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.

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 um (SD 10.75) and was thicker than the OPL,
and the mean thickness of the GCL plus NFL was 13.8 um
(SD 5.54)).

For diabetic animals, the mean total thickness of the
retina was 227.8 um (SD 51.97). In addition, the mean
PRL thickness was 54.9 um (SD 14.14), and the mean
ONL thickness was 49.8 pm (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 um (SD
6.26). The mean INL thickness was 31.1 um (SD 12.21)
and the number of neural cells was substantially smaller in

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

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 um
(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 um (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-

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 later thickness (um)
) mean % error of mean
Retinal layers (percentage contribution to the total thickness of the retina) | P-value
Control group , n=3 Diabetic animals, n=5
Photoreceptor layer 52‘21'74292;;' ? 5‘:2%{11 J/g;g >0.05
. 0 . 0
Outer nuclear layer 4(72:13 :3181%7)3 4(92? ;61%6)9 >0.05
Outer plexiform layer 15('779%;'?8 1?7'521 42/'7)5 >0.05
. 0 . 0
Inner nuclear layer 2?12 281")0)9 32('11411 J/‘)"G <0.01
B 0 . 0
Inner plexiform layer 4(12'$ 391%7)9 5(222 ;21%7)3 <0.01
. ) 13.8+0.92 21.6+1.05 <0.01
Ganglion cell layer plus nerve fiber layer (7.0%) (9.48%)
. (o] . 0
Total 197.246.32 227.8+6.2
100% 100%
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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

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 CBA/C57 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 CBA/
C57 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 (p < 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-

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 (p < 0.01 for all cases), and the thickness of the
outer retinal layers tended to increase (p > 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.

References

1. Khan MAB, Hashim MJ, King JK, Govender RD, Mustafa H, Al
Kaabi J. Epidemiology of Type 2 Diabetes - Global Burden of
Disease and Forecasted Trends. J Epidemiol Glob Health. 2020
Mar;10(1):107-111. doi: 10.2991/jegh.k.191028.001.

2. Malachkova NV, Kyryliuk ML, Komarovskaia IV. [Blood
pressure features in patients with diabetic retinopathy, type 2
diabetes mellitus and obesity]. Arkhiv oftalmologii Ukrainy.
2017; 5(1):32-37. Russian.

3. Xu, Jiang Z, Huang J, et al. The association between toll-like
receptor 4 polymorphisms and diabetic retinopathy in Chinese
patients with type 2 diabetes. Br J Ophthalmol. 2015;99(9):1301-
1305. doi:10.1136/bjophthalmol-2015-306677

4. Giyasova AO, Yangieva NR. Comparing the effectiveness
of brolucizumab therapy alone versus that combined with
subthreshold micropulse laser exposure in the treatment of
diabetic macular edema. Oftalmol Zh. 2023;2:16-20.

5. Alifanov IS, Sakovych VM. Prognostic risk factors for
diabetic retinopathy in patients with type 2 diabetes mellitus. J
Ophthalmol (Ukraine). 2022;6:19-23.

6. Guzman-Vilca WC, Carrillo-Larco RM. Number of people with
type 2 diabetes mellitus in 2035 and 2050: A modelling study
in 188 countries. Current Diabetes Reviews. 2025; 21(1),
E120124225603. doi.org/10.2174/01157339982743232312301
31843

7. Huang X, WuY, NiY, Xu H, He Y. Global, regional, and national
burden of type 2 diabetes mellitus caused by high BMI from
1990 to 2021, and forecasts to 2045: analysis from the global
burden of disease study 2021. Frontiers in Public Health. 2025;
13: 1515797. doi.org/10.3389/fpubh.2025.15157972.

8. Korobov KV. Progression of the initial stages of non-proliferative
diabetic retinopathy and glycation markers in type 2 diabetes
mellitus. Arkhiv of-talmologii Ukrainy. 2022; 10(1):17-24.
Ukrainian. https://doi.org/10.22141/2309-8147.10.1.2022.287

9. Chugaev DI. [Features of the development of diabetic macular
edema and different stages of diabetic retinopathy in type 2
diabetes]. Arkhiv of-talmologii Ukrainy. 2022;10(3):42-48.
Ukrainian.

10. Nevska AO, Pogosian OA, Goncharuk KO, et al. Detecting
diabetic retinopathy using an artificial intelligence-based
software platform: a pilot study. J Ophthalmol (Ukraine).
2024;1: 27-31.

11. Rykov SO, Galytska IeP, Zhmuryk DV, Dufynets VA. Association
of TLR4 151927911 polymorphism with diabetic retinopathy and
diabetic macular edema in type 2 diabetic patients. J Ophthalmol
(Ukraine). 2024;1: 20-26.

12. Walker J, Rykov SA, Suk SA, et al. [Diabetic retinopathy:
complexity made simple: a monograph]. Kyiv: Biznes-Logika;
2013. Russian.

13. Cho H, Alwassia AA, Regiatieri CV, et al. Retinal
neovascularization secondary to proliferative diabetic
retinopathy characterized by spectral domain optical coherence
tomography. Retina. 2013;33(3):542-547. doi: 10.1097/
IAE.0b013e3182753b6f

14. Dorokhova OE, Samoilenko LI, Maltsev EV, Zborovska OV.
Morphometric analysis of retinal structural components in
Wistar rats in experimental diabetes mellitus. J Ophthalmol
(Ukraine). 2025;1:41-46.

15. Maltsev EV, Zborovska OV, Dorokhova OE. [Fundamental
aspects of the development and treatment of diabetic retinopathy].
Odesa: Astroprint; 2018. Russian.

16. Glantz SA. Primer of Biostatistics. 4th ed. New York: McGraw-
Hill; 1997. 455 p.

17. Alder VA, Su EN, Yu DY, et al. Overview of studies on
metabolic and vascular regulatory changes in early diabetic
retinopathy. Aust N Z J Ophthalmol. 1998;26(2):141-148.
doi:10.1111/5.1442-9071.1998.tb01530.x

18. Kern TS, Engerman RL. Comparison of retinal lesions in
alloxan-diabetic rats and galactose-fed rats. Curr Eye Res.
1994;13(12):863-867. doi:10.3109/02713689409015087

19. Quiroz J, Yazdanyar A. Animal models of diabetic retinopathy.
Ann Transl Med. 2021;9(15):1272. doi:10.21037/atm-20-6737

20. BarberAJ.Anew view ofdiabeticretinopathy:aneurodegenerative
disease of the eye. Prog Neuropsychopharmacol Biol Psychiatry.
2003;27(2):283-290. doi:10.1016/S0278-5846(03)00023-X

21. Lieth E, Gardner TW, Barber AJ, et al. Retinal neurodegeneration:
early pathology in diabetes. Clin Exp Ophthalmol. 2000;28(1):3-
8. doi:10.1046/j.1442-9071.2000.00222.x

Disclosures

Received: 08.06.2025
Accepted: 22.07.2025

Corresponding author: Dorokhova O.E. - dorocho-
vaa@gmail.com

Author Contributions: : All authors meet the author-
ship criteria and contributed substantially to conception
and design or acquisition of data, or analysis and inter-
pretation of data, drafted or revised the version to be pub-
lished. The authors are responsible for the content of the
article. All authors state that they have not submitted and
will not submit a similar paper for publication elsewhere
in any language.

Conflict of interest: The authors state that they have
no conflict of interest that could influence their views re-
garding the subject matter or materials described and dis-
cussed in this manuscript.

Disclaimer: The views presented in this article are
those of the authors and do not necessarily represent those
of their institutions or funding entities.

Subjects of the study: Animal experiments were per-
formed in compliance with the Law of Ukraine on Pro-
tection of Animals from Cruel Treatment No. 3447-1V and
European Convention for the Protection of Vertebrate Ani-
mals Used for Experimental and Other Scientific Purposes
from the European Treaty Series (Strasbourg, 1986). The

53



ISSN 0030-0675 (Print); ISSN 2412-8740 (English ed. Online); Journal of Ophthalmology (Ukraine) - 2025 - Number 4 (525)

study was approved by the local Bioethics Committee of SI
“The Filatov Institute of Eye Diseases and Tissue Therapy
of the National Academy of Medical Sciences of Ukraine”
(meeting minutes dated October September 14, 2024).

Data Availability Statement: All the data obtained or
analyzed during this study are reported in the article.

This paper is part of the research project “To develop
measures for early detection, immunocorrection and re-

habilitation of patients with ocular tuberculosis, diabetes
mellitus, and ischemic neuropathy under martial law”

(state registration number, 0125U002071).

Abbreviations: DM, diabetic mellitus;
retinopathy

DR, diabetic

54



