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ABSTRACT

Objective: This study investigate the histopathological changes and VEGF, IL-1$, and IL-6 immunor-
eactivities in cornea treated with Coenzyme Q10 (CoQ10) in a Streptozocin (STZ) induced diabetic
rat model.

Methods: A total of 20 male Wistar Albino rats including a group of STZ diabetic rats, diabetic rats treated
with CoQ10, rats were given CoQ10 without being diabetic and a Control group were included the study.
The groups were followed up for 2 months. Eye tissues were stained with Hematoxylin-Eosin (HE), Periodic
Acid-Schiff (PAS), and immunohistochemical staining (IHC).

Findings: The mean corneal thickness was found to be lower in the group with DM (126,62 + 18,1)
compared to the other groups. However, this decrease was found to be significant only in compar-
ison with the control group (181,75 + 13,87) (p = 0.000). In diabetic corneas, PAS positivity was
observed in in Descemet's membrane (p = 0.021). Staining with VEGF, IL-18, IL-6antibodies was
found to be lower in the DM+CoQ10 group compared to the group with DM (p < 0.001, p < 0.001,
p < 0.001).

Results: We observed that diabetes increases inflammation and tendency to angiogenesis in the corneal
tissue, and CoQ10 treatment reduces the corneal thickness, inflammation, and tendency to angiogenesis
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caused by diabetes.

Diabetes mellitus (DM) is an endocrine and metabolic dis-
ease common in all age groups on a worldwide scale and
has high mortality rates in countries that have low socio-
economic status.' It reduces the quality of life with micro
and macrovascular complications and annual mortality is
approximately 5.4% in adult patients, which is twice that of
non-diabetic adults.* Vasculogenesis (vascular system devel-
opment) begins with the differentiation of the angioblasts,
which are vascular endothelial cell precursors, into blood
islets in the early stages of embryogenesis. The formation of
new vessels from the vessels that develop with vasculogen-
esis is called angiogenesis. Angiogenesis provides vascular-
ization of thin tissues such as kidney and retina during
development and new vessel formation in adulthood, also
playing active roles in conditions such as wound healing
and inflammation.””” Vascular Endothelial Growth Factor
(VEGEF) contributes to ocular neovascularization by stimu-
lating pathological angiogenesis under the effect of long-
term hypoxia in diabetic patients.*’

Diabetes might cause a full-thickness epithelial defect in the
cornea that can range from superficial erosion of the epithe-
lium to subepithelial lesion.'® In long-term diabetes, toxic
glycosylation products accumulate in the basal membrane
and this triggers cell death."' When the diabetic cornea is

examined at the light microscopic level with PAS staining, it
is seen that the epithelial basement membrane is thickened.'”
In a normal cornea, VEGF is expressed in keratocytes in the
epithelium, endothelium, and stroma and its expression in the
corneal epithelium is the same in the center and the
periphery.'” It is already known that VEGF and other growth
factors and various cytokine levels increase in diabetic
corneas.'* With the effect of hyperglycemia, cytokines such as
VEGF, IL-1, etc. increase not only in the serum but also locally
in the damaged area.'® Increased Interleukin-1 (IL-1) induced
by high blood glucose plays roles in the pathogenesis of pan-
creatic beta-cell damage. The treatment for IL-1 inhibition
reverses this situation and provides an improvement in blood
glucose levels and beta-cell functions.'®™'® Another proinflam-
matory cytokine whose level increases in hyperglycemia is
Interleukin-6 (IL-6). Although hyperglycemia improves, the
levels of these two cytokines remain high for approximately
the first 15 days.'” Proinflammatory cytokine values increase
further in the presence of diabetic complications. Diabetic
patients who have renal complications also have a higher
level of IL-6 in the blood compared to diabetics without such
complications.*

Various histopathological changes such as corneal
epithelial fragility and erosions, stromal edema, non-
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healing ulcers, decreased corneal sensitivity, and neuro-
trophic ulcerations are among the causes of decreased
visual acuity in diabetic patients.’"** Various agents are
employed to treat these effects; however, even initiating
the treatment of diabetes in the early period and antidia-
betic drugs can not prevent these effects from occurring in
the long term. In the present study, the purpose was to
investigate the histological effects of CoQ10, which is an
anti-oxidant compound responsible for mitochondrial
ATP production, on STZ diabetic rat corneas by using
HE and PAS staining; and its inflammatory effects by
using VEGF, IL-1pB, and IL-6 antibodies.

Material and method
Experimental animals

In our study, a total of 20 male Wistar Albino rats with
body weights ranging between 200 and 250 g were used.
The power analysis showed that the minimum number of
samples required to find a statistically significant differ-
ence of 0.7 between the two groups was 5 rats for each
group (a = 0.05), Test Power = (1-b = 0.80). The animals
were fed in standard plastic cages in a laboratory environ-
ment at a temperature of 21 + 1°C and a humidity of 45-
55% under standard conditions with free access to water
and food with the maintenance of a natural day/night
cycle (12/12 hours) in Afyon Kocatepe University
Experimental Animals Unit. The experiment plan was
made by dividing the rats, who were aged 2 months, into
4 groups as specified below.

The DM Group (n = 5): Rats that were made diabetic by
administering intraperitoneal STZ at a dose of 50 mg/kg (DM)

DM+CoQ10 Group (n = 5): Rats that were made diabetic
by administering intraperitoneal STZ at a dose of 50 mg/kg,
after rats became diabetic, 0.35 mg CoQ10 dissolved in 50 pl
pure olive oil was given daily for 2 months by gavage (DM
+CoQ10)

CoQ10 Group (n = 5): Rats that were given 0.35 mg CoQ10
dissolved in 50 pl pure olive oil daily for 2 months by gavage
without diabetics (CoQ10 alone).

Control (n = 5): Control group that was not diabetic and
not given “CoQ10”

Induction of diabetes in rats by streptozocin (STZ)

In this study, STZ was dissolved in 0.1 M buffer citrate (pH:4.5)
and given to the DM and DM+CoQ10 groups by intraperito-
neal (ip) injection as a single dose (50 mg/kg) according to
their body weight. Blood glucose values of the rats were mea-
sured with a glucometer 3 days after the STZ injection. Rats
with fasting blood glucose of 200 mg/dL and above were
considered diabetic.”®

Histologic evaluation

Histologic monitoring
After the sacrification of rats, eyes were enucleated and eyes
tissues obtained were placed in 10% neutral buffered formalin

and fixed for 3 days. Later, tissue labeling was performed and
the tissues were kept under running water for 1 night. The
tissues removed from water were kept in 70%, 80%, and 90%
pure alcohol consecutively for one hour each, in a xylene+alco-
hol mixture for 15 minutes, and in xylene twice for 15 minutes
each. After the tissues were kept in liquid paraffin for 1 hour,
they were embedded in paraffin blocks. 5 pm thickness sections
were obtained from these blocks. Sections were taken serially
from the optic nerve level and were placed on normal slides for
HE and PAS staining and Poly-L-Lysine coated slides for ITHC
staining.

HE and PAS staining

After the 0.5 pm thickness sections placed on slides were
deparaffinized, they were rehydrated and stained using the
HE and PAS staining procedures. Then, the preparations
were dehydrated and closed with entellan.

Immunohistochemical examination of the corneal tissues

For immunohistochemical evaluation, the sections placed
on Poly-L-Lysine coated slides were deparaffinized and
rehydrated. Then, microwave antigen retrieval was per-
formed with 10% citrate buffer solution and the sections
were kept in 3% H,0, (Hydrogen Peroxide) for 20 minutes.
Primary antibodies VEGF (Recombinant Anti-VEGFA anti-
body, ab52917, 1/100), IL-1B, (Recombinant Anti-IL-1 beta
antibody, ab283818, 1/200), IL-6 (Anti-IL-6 antibody,
ab9324, 1/250), antibodies were incubated at +4°C over-
night, HRP secondary antibody kit (HRP Monoclonal
Antibody) was applied on the next day and the tissues
were colored with 3-Amino-9-ethylcarbazole (AEC) chro-
mogen. Later, contrast staining of the preparations was
performed with Mayers Hematoxylin, and they were dehy-
drated and closed with entellan.

Evaluation of the preparations and image analysis

The analysis program “Nikon NIS 4.2 Image Analysis
Software” was used for image analysis. For corneal thick-
ness measurement, the eye tissues were evaluated by
staining the sections obtained sagitally from the level of
the optic nerve, and in sagittal corneal sections, measure-
ments were taken from 3 different regions of the cornea
and Descemet’s Membrane and their averages were
recorded. Evaluations were made on 10 corneas from 5
rats in each group, two slides were used for cornea and
Descemet’s Membrane thicknesses. These assessments of
corneal thickness were done using HE at 20X magnifica-
tion and Descemet’s Membrane thicknesses were done
using HE at 40X magnification. (Nikon E-600 Light
Microscope).

Evaluations were made on 10 corneas from 5 rats in
each group, two slides (A total of 80 sections) were used
for each antibody) and the corneas stained immunohisto-
chemically were evaluated using the H score. At 20X mag-
nification, the number of cells stained positively in the
corneal epithelium in each preparation was specified. 500
cells were counted in each preparation by classifying the



cells as +1, +2, and +3 according to the severity of staining
and as 0 for the cells that were not stained. The scoring was
made using the formula (I + 1) X The Number of Cells
Stained (I = severity of staining).”* The data obtained were
evaluated statistically.

Statistical evaluation

In our study, the “Anova” test was used to evaluate if there was
a statistically significant difference between the mean values of
the independent groups. The Post-Hoc Tukey Pairwise Test
was used to evaluate the difference between the groups. For the
numerical variables, descriptive statistics were expressed as
mean and standard deviation.The version SPSS 22.0 was used
for the analyses. A p-value 0f<0.05 was considered statistically
significant.

Ethics committee

Approval for our study was obtained from Afyon Kocatepe
University Animal Experiments Local Ethics Committee with
the number 49533702/89.

Findings
HE staining findings

HE staining showed large spaces and cells with cytoplas-
mic vacuoles in the DM group, while the numbers of
stromal spaces and cells with cytoplasmic vacuoles were
observed to be reduced in the DM+CoQl0 group
(Figure 1). These structures were not observed in the
control group.

Corneal thicknesses

The mean corneal thickness measured in the sections
stained with HE was found to be lower in the diabetic
group compared to the other groups. A considerably sig-
nificant reduction was observed compared to the control
group (p < .001). The corneal thickness was higher in the
diabetic group that was treated with CoQ10 compared to
the DM group, but this increase was not found to be
statistically significant (p = .410). The corneal thickness

DM+ CoQ10
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was lower in the group that was given CoQ10 alone com-
pared to the control group, but this reduction was not
statistically significant (p = .192), and compared to the
DM group it was found higher (p = .010) (Figure 1,
Graphic 1).

PAS staining findings

Thickenings in the Bowman and Descemet’s membranes
in the corneas of the diabetic rats were observed consider-
ably prominently with PAS positive staining. Sporadic
positivity in the corneal stroma and epithelium was
observed prominently. PAS positive staining was again
observed in the DM+CoQ10 group, but to a considerably
lower extent compared to the diabetic group. PAS positive
staining was found considerably rarely in the group that
was given CoQIl0 alone and in the control group
(Figure 2). In the measurement of Descemet’s membranes,
a significant thickening was observed in the DM group
compared to the other groups (p = .000). While the mem-
brane thickness decreased in the DM+CoQ10 group com-
pared to the DM group (p = .001), it increased compared
to the CoQ10 and Control groups (p = .009, p = .001). No
difference was observed between the CoQ10 group and the
Control group in terms of membrane thicknesses
(p = .781).

Immunohistochemical findings

The severity of staining was at the highest level in the
sections stained immunohistochemically with VEGF anti-
body in the diabetic groups. The severities of VEGF stain-
ing were found to be higher in the corneal epithelial cells in
the diabetics compared to the control group and CoQ1l0
group (p = .001, p = .001). The severity of VEGF staining
was found to be lower in the DM+CoQ10 group compared
to the DM group (p = .000). The severity of VEGF staining
was found to be higher in the DM+CoQ10 administered
group compared to the control group (p < .001) (Figure 3,
Graph 2).

In the sections stained with IL-1p and IL-6 antibodies, the
increase in the severity of staining was more prominent in the
diabetic groups compared to the other groups. The severities of

CoQ10 CONTROL

Figure 1. Corneal thicknesses, large spaces marked with black arrows and cells with cytoplasmic vacuoles marked with yellow arrows, HE staining, X100 magnification

(scale bar = 100 pm).
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DM+CoQ10 CoQ10
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Graphic 1. The corneal thicknesses were calculated as the average of three separate measurements by applying HE staining to the sections passing through the optic
nerve. ¥p < .05 between two groups (Error bars show standard error).

DM DM+CoQ10 CoQ10 Control

Figure 2. Figure displaying corneal glycogen stores, black arrows show PAS-positive staining. PAS staining, X200 magnification (scale bar = 50 pm).

DM DM+CoQI10 CoQ10 Control

IL-1p

Figure 3. IHC staining with VEGF, IL-1$, and IL-6 antibody. X400 magnification, (scale bar = 50 pm).

staining with IL-1p and IL-6 were found to be higher in the IL-6 were found to be lower in the DM+CoQ10 group com-
diabetic corneal epithelial cells compared to the control group pared to the DM group (p < .001, p < .001). The severities of
(p < .000, p < .000). The severities of staining with IL-13 and  staining with IL-1B and IL-6 were found to be higher in the
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Graphic 2. The graph shows the H-score evaluation of IHC staining intensity with VEGF, IL1-beta, and IL-6 antibodies. Graphs illustrating the staining intensities in the
corneal tissues of all groups. *: Comparison with Control group * p < .05. a: Comparison with DM+CoQ10 group, a = p < .05; b: Comparison with DM and CoQ10 groups,

b = p < .05. (Error bars show standard error).

DM+ CoQ10 group compared to the control group (p < .001,
p = .001), and also the staining intensities in these antibodies
were found lower in the CoQ10 group compared to the DM
group (p = .001, p =.001) (Figure 3, Graph 2).

IL-1B, IL-6, and VEGF staining intensities were higher in
the CoQ10 group compared to the Control group, but these
increases were not found to be statistically significant (p =.109,
p =287, p = .076)

Discussion

CoQ10 is an enzyme that increases endogenous antioxidant
enzyme activity and has a therapeutic effect in DM and its
complications.”” Hussein J. et. al. showed that oxidative
damage in the brains of rats diabetic with STZ and increased
brain neurotransmitter level as a complication of DM
decreased in the group treated with CoQ10.%° In the study of
Frederic M. et al.,, the damage caused by oxidative stress in
many organs of DM such as brain, heart, kidneys and liver,
CoQ 10 treatment, glutathione peroxidase, and superoxide
dismutase, etc. reversed by increasing antioxidant enzyme
activity.”” CoQ10 has been tried for the treatment of various
eye diseases in the literature. Postorino E. et al. used local
hyaluronic acid and CoQ10 in the treatment of patients with
mild and moderate dry eye and they reported that this could be
a good preference in treatment.”® Kernt M. et al. investigated if
CoQ10 was an efficient agent in preventing the development of
cataracts and showed that CoQ10 decreased apoptotic cell
death in the epithelial cells in the lens by reducing oxidative
stress.”” In our study, we also observed that inflammatory
response in the cornea caused by diabetes decreased with the
use of CoQ10. We histopathologically examined the effects of
diabetes on the corneal tissue by comparing the rats with STZ
induced diabetes, diabetic rats that were given CoQ10 for
2 months, and rats that were given CoQ10 for 2 months with-
out being diabetized and the control group that was not

diabetized and not given CoQ10. We used HE and PAS stains
for light microscopic evaluation and VEGF, IL-1p and IL-6
antibodies for immunohistochemical examination.

In the literature, different results have been reported in
studies examining the corneal complications of diabetes. In
a study conducted by Yin J. et al., the corneas of diabetic rats
were injured and both wound healing and corneal thicknesses
were examined. It was found that wound healing was delayed
in diabetic corneas, while no significant difference was found in
terms of corneal thicknesses compared to the control group.*
In a study conducted by Kim et al., rats that were made diabetic
with STZ were evaluated after 13 weeks, and stromal edema
and increased stromal thickness were found in the cornea. The
increase in corneal thickness was found to be prominent in the
center.’’ Cai D. et al. evaluated total corneal thickness using
in vivo confocal microscope at the end of the 12 week and 18
week periods in diabetic rat models. They found a 7.2% reduc-
tion in the corneal thickness at the end of 12 weeks, though this
reduction was insignificant, and a 10.2% reduction in the
diabetic rats for 18 weeks which was significant. They showed
that the reduction in corneal thickness was mostly caused by
the reduction in stromal thickness in the diabetic rats for
12 weeks and by both stromal and epithelial thinning in the
diabetic group for 18 weeks.” In our study, the corneal thick-
ness was found to be reduced in the rats that were made
diabetic for 8 weeks compared to the control group. The
mean corneal thicknesses in the DM+CoQ10 group were
higher than the DM group but lower than the control group.
These results (although there was no statistically significant
difference in DM+CoQ10 group) made us think that diabetes
causes thinning in corneal tissues in the long term (after
diabetic complications begin) and CoQ10 prevents the reduc-
tion of corneal thickness. We detected signs of not only thin-
ning but also glycogen storage in diabetic corneas.
A prominent increase in PAS positive staining in the
Bowman’s and Descemet’s membranes in the cornea in the
DM group shows that the corneal complication of diabetes is
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not limited in a single layer such as the epithelium or stroma.
And the decrease in this storage in the DM+CoQ10 group
showed that CoQ10 reduced this effect of diabetes.

In the literature, no agent can fulfill systemic treatment of
diabetes alone by preventing chronic complications of diabetes.
In studies conducted with CoQ10, it was shown that metabolic
control was not adequate in diabetic patients.”** In our study,
the slight increase in corneal thickness with the administration
of CoQI10 alone to diabetic rats as a therapeutic agent was
found to be compatible with this information in the literature
and suggests that CoQ10 will be a protective agent when used
in addition to the treatment of diabetes

A well-known feature of diabetic corneas is delayed wound
healing. Costa Pinto da FA and Malucelli BE induced injury by
silver nitrate cauterization in the rats that were made diabetic
with STZ, in diabetic rats treated with injections of insulin and
in the control group, and they compared the development of
corneal angiogenesis in the process of healing of this injury site
by way of VEGF and FGF-2 immunoreactivity. Although these
factors were observed more intensely in the control group and
the group treated with insulin, a significant difference could
not be found between the groups.” In Costa Pinto da FA and
Malucelli’s study, the response to inflammation between dia-
betes, treatment, and control groups was examined and it was
thought that the finding of VEGF staining decreased in the
diabetic group compared to the control group was due to
insufficient angiogenesis in the diabetic groups during wound
healing. There was an increase in VEGF at the wound site in
the insulin-treated group, but no difference was found in the
diabetic group. In this study, it was emphasized that although
the treatment of diabetes with insulin delays the occurrence of
chronic complications, it cannot completely prevent it. In our
study, the corneas of diabetic rats were examined without
causing any wounds, and the increase in VEGF immunoreac-
tivity was found to be more prominent in the diabetic group
than in the other groups. The increase in VEGF may cause
a permanent increase in corneal vascularity in the following
periods, resulting in a decrease in corneal transparency and
visual acuity together with inflammation. The finding of
decreased staining intensity in the corneas of diabetic rats
treated with CoQ10 indicates that CoQ10 suppresses the ten-
dency for diabetes-enhanced angiogenesis in the cornea.

Wang Y. et al. compared IL-1, IL-6, and VEGF levels in the
serum samples of diabetic rats with ELISA, and in retinal
tissues by qRT-PCR and Western blot methods, and found
a significant increase in the levels of these proinflammatory
cytokines in the diabetic group.’® Alves M. et al. also evaluated
the inflammation markers in the lacrimal gland, tears, and
corneas of rats with diabetes and found increased IL-1p levels
in their tears.”” Liu X. et al. examined IL-1B expressions in the
cornea and conjunctiva of rats, which were made diabetic with
STZ, for possible curative effects of 8 weeks of NAC
(N-acetylcysteine) treatment on ocular surface damage due to
inflammation, a complication of diabetes. In this study, IL-1f
expressions were increased in the diabetic cornea and conjunc-
tiva; NAC treatment decreased IL-1P expressions, improved
ocular surface damage, and increased tear secretion volume.*8
In our study, IL-1p and IL-6 staining intensities were observed
to increase in the corneas of diabetic rats, and it was observed

that the staining intensities decreased in the group treated with
CoQ10. This result suggests that the inflammation increasing
effect of diabetes can be reduced by CoQ10 treatment.

Conclusion

The most important step in the treatment of diabetic patients
is keeping serum blood glucose levels under control.
Although most of the pathogenic mechanisms of diabetes
are known, there is no single agent that can control the
disease in the long term. Since diabetes mellitus is
a multisystemic disease, it influences many organs and tissues
in the long term. In our study, we observed that diabetes
increased the tendency to inflammation and angiogenesis
also in the corneal tissue in the long term and it causes
glycogen storage also in Bowman and Descemet’s mem-
branes, and we showed that CoQ10 decreased glycogen sto-
rage, inflammation, and angiogenesis in the corneas of
diabetic rats. We think that CoQI10 is not effective in fully
restoring corneal complication and visual morbidity by itself
alone, but it could be used in addition to systemic treatment
of diabetes (insulin, oral antidiabetic drugs ... etc.), and
additional studies are needed in this area.
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