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ABSTRACT

The purpose of the present study was to determine the effects of Coenzyme Q1o on antioxidant enzymes in
diabetic rats. Group I was not exposed any application. Group Il was intraperitoneally administrated 0.3 ml corn
oil in daily for four weeks. Group I received 10 mg/kg CoQ1o in 0.3 ml corn oil intrapetitoneally daily for four
weeks. Diabetes was induced by subcutaneous injections of streptozotocin in group IV. Group V was made
diabetic in the same way and then these animals were intraperitoneally injected with 10 mg/kg CoQ1o in 0.3 ml
cornoil daily for four weeks. In blood samples, GSH, TBARS, SOD, NO levels and GPx, CAT activities were
determined. Pancreas and aorta tissue samples were examined using histological and immunohistochemical
methods. Plasma SOD, GPx, CAT and GSH levels in diabetic group were significantly lower than control group.
These parameters significantly increased with CoQ1o application to diabetic rats when compared to diabetic
group. The increased plasma TBARS level with diabetes reduced with CoQ1o treatment. The histological findings
of the study support the changes in enzyme levels as a result of CoQ1o application. In conclusion, CoQ10
application to diabetic rats may have beneficial effects on some negative changes caused by diabetes.
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Streptozotosin ile Diyabet Olugturulan Ratlarda Koenzim Qio’un Baz1 Kan Antioksidan Sistem
Parametreleri ile Pankreas ve Aorttaki Histolojik Degisiklikler Uzerine Etkileri

oz

Bu caligmanin amaci diyabet olusturulan ratlarda koenzim Q10’un antioksidan parametreleri tizerine etkilerini
degerlendirmektir. Calismada 38 yetiskin, erkek Wistar Abino rat (250-300 gr) kullanildi. Grup I’deki hayvanlara
herhangi bir uygulama yapilmadi. Grup II’deki hayvanlara giinde 0.3 ml misir yagt dort hafta boyunca
intraperitoneal olarak uygulandi. Grup IIT’deki hayvanlara giinde 0.3 ml musit yaginda ¢ozdirilen 10 mg/kg
CoQ10 dort hafta boyunca intraperitoneal olarak uygulandi. Grup IV’deki hayvanlarda, 40 mg/kg
streptozotosinin ginde tek doz olmak tzere iki subkutan enjeksiyonu ile diyabet olusturuldu. Grup V’deki
hayvanlarda ayni protokolle diyabet olusturuldu ve daha sonra bu hayvanlara doért hafta boyunca 0.3 ml musir
yaginda ¢ozdurilen 10 mg/kg CoQ10 intraperitoneal olarak uygulandi. Kan 6rneklerinde GSH, TBARS, SOD,
NO seviyeleri ile GPx, CAT aktiviteleri belirlendi. Pankreas ve aorta doku Ornekleri histolojik ve
immiunohistokimyasal yéntemler kullanilarak incelendi. Diyabetik grupta plazma SOD, GPx, CAT ve GSH
seviyeleri control grubuna gore 6énemli oranda distkti. Diyabetik ratlara CoQ10 uygulamasi ile bu parametreler
diyabetik gruba goére 6nemli oranda arttr. Diyabetle birlikte artan plazma TBARS seviyesi, CoQ10 uygulamastyla
azaldi. Calismanin histolojik bulgulart CoQ10 uygulamasi sonucunda enzim duzeylerindeki degisiklikleri
desteklemektedir. Sonug¢ olarak, diyabetik ratlara CoQ10 uygulamast diyabetin neden oldugu bazt olumsuz
degisiklikler tizerine faydal etkilere sahip olabilir.
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INTRODUCTION

Diabetes, which is a chronic metabolic disease,
continues to be a major health problem in worldwide
(Rahimi et al. 2005). Diabetes causes many
complications arising from imbalances in the
metabolism of carbohydrates, lipids and proteins. The
high glucose level causes oxidative stress by leading
glucose autoxidation, nonenzymatic glycation of
proteins, and increased production of mitochondrial
reactive oxygen species (ROS) (Brownlee 2001). The
elevation in the amount of free fatty acids in diabetes
increases [-oxidation and it results in high ROS
production and hence the oxidative stress. There are a
number of findings suggesting that the mechanisms
of antioxidant defense against oxidative stress are low
in diabetes. Oxidative stress resulting from the
increased production and the inability of adequately
removing of ROS plays a crucial role in the
pathogenesis of diabetic complications (Brownlee
2000, Brownlee 2001). Free radicals similar to protein
kinase C (PKC), nuclear factor kB (NFxB), NH»-
terminal Jun kinase/stress-activated protein kinases
(JNK/SAPK) and p38 mitogen-activated protein
(MAP) kinase can function as signals patways causing
cellular stress (Giuglian et al. 1995, Mohamed et al.
1999, Rosen et al. 2001, Stehouwer and Schaper 1996,
West 2000, Yaqoob et al. 1993). Activation of these
pathways is also associated with insulin resistance and
B-cell dysfunction, including complications observed
in the late stages of the disease (Brownlee 2000,
Brownlee 2001, Modi et al. 2006, Rosen et al. 2001).

It was reported that the decreased in plasma/serum
total antioxidant capacity or free radical scavenging
activity increase the tendency to oxidative stress in
type 2 diabetes. However, it was also reported that
the levels of specific antioxidants such as ascorbic
acid and vitamin E have decreased (Aguirre et al.
1998, Ashour et al. 1999, Ceriello et al. 1997a, b,
Ceriello et al. 1998, Haffner et al. 1995, Maxwell et al.
1997, Paolisso et al. 1994). The decreases in
antioxidant enzyme activities (superoxide dismutase,
glutathione peroxidase and catalase) were stated in
diabetes (Ashour et al. 1999, Mohan and Das 1997,
Tuztun et al. 1999). Also, there was also observed a
decrease in endothelial NO synthesis together with
decrease in vascular antioxidant defense in type 2
diabetes (Laight et al. 2000, Makimattila et al. 1999).

A study conducted in patients with type 1 diabetes
showed that plasma total antioxidant capacity was
16% lower than healthy humans (Vessby et al. 2002).
The reduction in antioxidant enzyme activities (SOD
ve CAT) in kidney tissue was determined in diabetic
rats (Kedziora-Kornatowska et al. 2000). On the
other hand, it was suggested that people with high
levels of other serum antioxidant, especially serum
tocopherol levels, had lower risk of Type 2 diabetes
(Reunanen et al. 1998). In contrast, there are also
studies in which there is no difference with regard to
antioxidant capacity between healthy and diabetic

individuals (Feillet et al. 1998, Rahimi et al. 2005,
Willems et al. 1998).

There are many studies using exogenous and
endogenous antioxidants to reduce or prevent
oxidative stress (KKucharska et al. 2000, Meghana et al.
2007, Modi et al. 2006). Endogenous antioxidants
play a crucial role in protecting the balance between
oxidants and antioxidants (Kucharska et al. 2000).
Although Coenzyme Q1o plays an important role in
mitochondrial energy systems, it also has antioxidant
properties. It functions as a dehydrogenase cofactor
in the transport of electrons and protons like ATP
production (Crane and Navas 1997). On the other
hand, this enzyme has been regarded as an important
antioxidant since it was determined the decline of
biosynthesis and tissues level due to degenerative
changes with age (Beyer et al. 1985, Kalén et al. 1989,
Kucharska et al. 2000). CoQ1o described as a powerful
systemic radical scavenger is reported to have the
ability to function synergistically with other
antioxidants as well as prevent oxidative damage of
lipids, DNA, proteins and other important molecules
(Lass et al. 1999, Prosek et al. 2008). While tissue lipid
peroxidation and SOD levels were found to be
significantly higher in diabetic animals, CoQ1o
supplementation to these animals significantly
decreased lipid peroxidation and increased SOD
enzyme level. Reduced levels of tissue catalase and
glutathione in diabetic animals are significantly
increased with CoQ1o application (Modi et al. 2000).
SOD and GSH levels were determined significantly
lower in diabetic rats and its levels significantly
increased with CoQ1o application paralelly with dose.
It was stated that the significant increase of MDA
levels in diabetic rats is reduced by the addition of
CoQ1o (Visnagti et al. 2012).

According to mentioned information above, this
study aimed to evaluate the histological changes in the
pancreas and aorta with some antioxidant enzymes of
CoQ1o application in diabetic rats.

MATERIAL and METHOD

In this study, 38 adult, male, healthy Wistar Abino
rats (250-300 gr) were used. The animals were divided
into five groups and fed ad libitum with standard rat
pellet for four weeks. While animals in group I (n=6)
was not exposed any application, 0.3 ml corn oil was
intraperitoneally administrated at animals in group 1I
(n=06) daily for four weeks. Animals in group III
(n=6) received 10 mg/kg CoQio (Sigma-Aldrich,
St. Louis, MO, USA) intraperitoneally daily for four
weeks. At the beginning of the study, diabetes was
induced by subcutaneous injections of streptozotocin
(Sigma-Aldrich, St. Louis, MO, USA) at dose of 40
mg/kg in 0.1 M citrate buffer (pH 4.5) for two days
as a single daily dose in group IV (n=7) animals.
Animals in group V (n=9) was made diabetic by
subcutaneous injections of streptozotocin in the same
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way and then was injected intraperitoneally with 10
mg/kg CoQio daily for four weeks. To prevent the
streptozotocin-induced hypoglycemia, rats received
5% dextrose solution after 6 h of streptozotocin
administration for next 3 days. After one week from
streptozotocin injections, diabetes was verified by
measuring blood glucose level strips using glucometer
(PlusMED Accuro, Taiwan) via the tail vein. Animals
having a blood glucose level higher than 250 mg/dl
were accepted as diabetic and were included in the
experiment. During the experiment, three animals
from group IV and one animal from group V were
died due to streptozotocin-induced hypoglycemia.
Blood samples were taken from all animals at the end
of the study. In plasma samples, SOD (Cayman),
GSH (Cayman), TBARS (Oxis), NO (Cayman) levels
and GPx (Cayman), CAT (Cayman) activities were
determined with ELISA
(Biotek ELx800, Biotek Instrumentations, Inc,
Winooski, VT, USA) using sandwich enzyme-linked
immunosorbent method via commercial kits.

All animals were sacrificed via cervical dislocation.
Tissue samples were taken from pancreas and aorta
of animals. These samples fixed in 10% neutral-
buffered formalin and embedded in paraffin blocks.
The sections (6 um thickness) were taken from blocks
and were stained with Crossman’s triple stain for
histological examination (Crossman 1937). Insulin
and eNOS was stained immunohistochemically using
a sensitive peroxidase-labelled = streptavidin-biotin
detection system (Ultra Tek HRP Anti-Polyvalent
Lab Pack, ScyTek Laboratories, Inc., Logan, UT).
Insulin antibody (ISL-8]) (Genetex GTX11163) and
eNOS antibody (Genetex GTX50892) was used with
1:100 dilution. Negative control slides were stained by
incubating tissue sections with PBS instead of primer
antibody. All specimens were examined under light
microscope (Leica DM2500, Leica Microsystems
GmbH, Wetzlar, Germany) and photographed by
digital camera (Leica DFC 320). In pancreas sections,
four different Langerhans islets’ areas which were
randomly chosen were measured and the percentages
of insulin immunreactive cells (the number of
immunreactive cells/the number of total islet cells X
100) were determined using a IM-50 image analysis
program (AG CH-9435, Leica Microsystems,
Heerbrugg Switzerland). eNOS immunreactivity in
aorta sections was assessed semi-quantitatively. In
addition, aortic wall thickness was measured from
five different regions of each aorta using a IM-50
image analysis program.

The data obtained from the study were analyzed by
one-way ANOVA (SPSS 17). Differences among the
groups were determined by Duncan’s multiple range
test. Differences were considered significant at

p<0.05.

RESULTS

In this study, the effect of CoQ1o on plasma oxidant
status markers in experimentally induced diabetic rats
were summarized Tablo 1. Plasma GSH and CAT
levels in diabetic group were found to be significantly
lower than control group (Table 1, p<0.05). Plasma
GSH and CAT levels with CoQio application to
diabetic rats statistically increased to diabetic group
(Table 1, p<0.05). Experimentally induced diabetes
resulted in significantly increments in plasma TBARS
level, while this parameter statistically reduced with
CoQo treatment to diabetic rats when compared to
diabetic group (Table 1, p<0.05). Plasma SOD and
GPx levels were importantly diminished depend on
diabetes (Table 1, p<0.05) and the changes in both
parameters of CoQqo application to diabetic rats
compared to diabetic group were not important
(Table 1). In diabetic group, plasma NO level
statistically decreased compared to control group
(Table 1, p<0.05). This parameter slightly increased
with CoQ1o application to diabetic rats but the
increment was not important when compared to
diabetic group. The CoQ1o application to the rats did
not affect the plasma GSH, TBARS, SOD, GPx,
CAT and NO levels compared to the control group.

It was observed that the normal histological structure
was preserved in pancreatic tissue of control, corn oil
and CoQ1o groups. The contours of Langerhans islets
in these groups were clearly seen (Figures 1A, 1B) and
the insulin immunreactive cells were intensively
stained at the center of the islets (Figures 2A, 2B). In
the diabetic group, irregularity in the contours of
Langerhans islets, vacuolization and atrophy in the
islet cells (Figure 1C) and significant decrease in the
percentage of the insulin immunreactive cells (Figure
2C, Table 2) were observed (p<<0.05). It was seen that
the CoQ1o application to diabetic rats led to partially
improve in pancreatic tissues (Figure 1D). Also, a
statistically significant increase in the percentage of
the insulin immunreactive cells was noted in this
group when compared to the diabetes group (p<<0.05)
(Figure 2D, Table 2). No immunohistochemical
staining was observed in the negative control
preparation (Figure 3). There was no statistically
significant difference between the groups in terms of
the area of Langerhans islets in the pancreas (Table

2).

There was no statistically significant difference in
terms of aortic wall thickness among the groups
(p>0.05, Figures 4A, 4B, Table 2). In all groups,
eNOS immunreactivity was seen in the endothelium.
There was no difference in eNOS immunostaining
intensity among the groups (Figures 5A, 5B). No
immunohistochemical staining was observed in the
negative control preparation (Figure 5C).
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Figure 1. A: Pancreatic tissue of control group rat. B: Pancreatic tissue of CoQ1o group rat. C. Pancreatic
tissue of diabetes group rat. D. Pancreatic tissue of CoQ1o and diabetes group rat. Crosmans's Triple stain.
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Figure 2. A:

. W L \ L
Pancreatic tissue of control group rat. B: Pancreatic tissue of CoQ1o group rat. C. Pancreatic

tissue of diabetes group rat. D. Pancreatic tissue of CoQio and diabetes group rat. Insulin
immunohistochemical staining. Arrows: Insulin immunreactive cells.
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Figure 3. Negative control insulin immunohistochemical
staining.

stain.

control. eNOS immunohistochemical staining. Arrows: eNOS immunreactive cells.
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Table 1. Effect of CoQio on plasma GSH, TBARS, SOD, GPx, CAT and NO levels in streptozotocin-induced
diabetic rats (MeantSE).

GSH TBARS SOD GPx CAT NO

(M) (uM) (U/ml) (nmol/min/ml) (nmol/min/ml) (uM)
Grupl  2426%1,13¢ 7,4610,58¢ 26,27+1,68*  4474+258 51,11£2,64 16,81+1,76
Grup 2  2247£273  8,7210,84bc 23,93+2,09*  42,67£3,78¢ 54,7312,56 17,78%1,382
Grup3  23,02£1,85¢  8,331+0,81bc 25,62+2,80*  45,43£3,88¢ 50,8212,682 16,35%2,367
Grup4  11,63£1,19>  15,74+1212 13,66£1,05>  29,57+1,57> 33,69£2,50¢ 11,17+1,475
Grup5  19,76%0,85 10,52£0,79>  17,89+1,29>  32,39+1,88> 41,54+1,61° 13,68£1,07

*The difference between mean values with different superscripts in the same column is significant at the p<0.05 level. Group 1,
Control, group 2, Corn oil, group 3, CoQ1o, group 4, Diabetesis, group 5, CoQ1 and Diabetesis.

Table 2. Langerhans islets’ areas, percentages of insulin immunreactive cells in pancreatic tissue and aortic wall

thickness (Mean®SE).

Langerhans islets’ areas

Percentages of insulin immunreactive

Aortic wall thickness

) cells (%) (umm)
Grup 1 15816.53+2487.89 66.6212.192 157.28%5.52
Grup 2 13411.13+2551.95 67.8211.73 156.97£8.39
Grup 3 10299,69+1993.64 69.21£3.522 152.16%3.47
Grup 4 8134.8411884.00 17.66%£3.22¢ 153.61£6.08
Grup 5 11733.91+2022.48 26.14%2.67° 154.57£2.49

a< Differences between mean values with different superscripts in the same column is significant (p<<0.05) for each parameter.
Group 1, Control, group 2, Corn oil, group 3, CoQ10, group 4, Diabetesis, group 5, CoQ10 and Diabetesis.

DISCUSSION

It is suggested that the increases in tissue oxidants
and oxidative stress play a critical role in the etiology
of many diseases (Dlugosz et al. 2004). It is reported
that oxidative stress caused by the increase of free
radicals is also effective in complications of diabetes
such as atherosclerosis, retinopathy, nephropathy and
neuropathy (Hussein et al. 2012, Hussein et al. 2013).
Free radicals are produced continuously in the body
during environmental stimuli and normal metabolic
processes (Halliwell and Gutteridge 1989). Under
normal physiological conditions, there is a broad
antioxidant defense system against the adverse effects
of free radical production in vivo. However, oxidative
stress occurs the result of the increases in free radical
production and decreases in antioxidant defense
capacity or both (Baynes 1991, Mullarkey et al. 1990).
In addition to the free radical formation in diabetes
that accelerates lipid peroxidation, there is also a
question of reductions in SOD, catalase and reduced
glutathione levels in many tissues (Shih et al. 1999).
The increase in free radicals due to protein glycation
and glucose autoxidation contributes to lipid
peroxidation in diabetes (Baynes 1991, Feillet-
Coudray et al. 1999, Mullarkey et al. 1990).

In the study, reduced glutathione, which is a major
defense factor of cells against oxidants, decreased
significantly with diabetes (Table 1, p<0.05), while
CoQ1o administration to diabetic rats significantly

increased this parameter compared to the diabetes
group (Table 1, p<0.05). Glutathione peroxidase
activity, which inhibits lipid peroxidation as one of
the organism's antioxidant components, significantly
decreased in diabetic animals (Table 1, p<0.05).
Although glutathione peroxidase activity showed a
certain increase depend on CoQio application to
diabetic animals, the difference was not significant.
The increase in the reduced glutathione level in
diabetic animals with CoQ1o administration supports
the findings reported by vatious researchers in plasma
(Ahmadvand et al. 2012) and wvarious tissues
(Coldiron et al. 2002, Modi et al. 2006, Sena et al.
2008).

SOD and CAT enzymes, which are important in term
of the determination of serum antioxidant capacity,
decreased significantly with experimental diabetes
(Table 1, p<0.05). The obtained findings from
diabetic animals are consistent with the data identified
in streptozotocin-induced diabetic rats by Kedziora-
Kornatowska et al. (2000) and with reductions
achieved at these enzyme levels in diabetic patients by
Vessby et al. (2002). CoQ1o administration to diabetic
rats significantly increased CAT level compared to
diabetic animals (Table 1, p<0.05). The differences in
SOD level with CoQ1o administration to diabetic rats
were not significant. The changing determined at the
CAT level by CoQ1o application coincides with the
results of Song et al. (2009) and Lee et al. (2012).
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NO formation and oxidative stress play an important
role in the development of diabetic complications.
Particularly, it was reported that nitric oxide reduction
is effective in disorders in the vascular system in
diabetes, while it has been suggested that other
vasodilatators and hyperlipidemia also contribute to
vascular disorders (Cohen_2005). It has been reported
that insulin stimulates NO production by specific
signaling pathways (phophotidyl-inositol = 3-(P13)-
kinase and protein kinase B), high glucose levels
reduce NO in diabetes and NO release and
production also deteriorate due to loss of positive
effect of instlin (Balletshofer et al. 2000, Tuck 2003,
Zeng et al. 2000). In this study, significant reductions
(Table 1, p<0.05) in NO levels with experimental
diabetes compared to control group seems consistent
with the above notifications. It was observed that the
increase in NO level with CoQio application to
diabetic animals removed the difference with the
control group level. It was observed significantly
increase in thiobarbituric acid reactive substances
(TBARS) as lipid peroxidation marker of lipoproteins
and membranes in diabetic group compared to the
control group (Table 1, p<0.05). This increase seems
to be in line with the notifications that TBARS levels
increase in diabetes (Griesmacher et al. 1995, Kakkar
et al. 1998, Sundaram et al. 1996). On the other hand,
there was a significant decline in TBARS level with
CoQ1o application to diabetic animals compared to
the diabetes group (Table 1, p<0.05). Unimportant
changes determined in these parameters with only
CoQ1o application compared to control group may be
due to the absence of oxidative damage in healthy
animals.

It has been proposed various mechanisms in related
to the positive effects of CoQ1o on the antioxidant
system in diabetes (Prakash et al. 2010, Song et al.
2009). It has been reported that CoQio can directly
eliminate free radicals such as lipid peroxyl, peroxyl or
alkoxyl radicals (Roginsky et al. 2009, Sohal and
Forster 2007). Forsmark-Andree and Ernster (1994)
have been reported that CoQio may indirectly act as
an  antioxidant via  providing  a-tocopherol
regeneration from a-tocoperoxyl radicals formed by a
reaction between o-tocopherol and lipid peroxyl
radicals. Tiano et al. (2007) have been suggested that
nitric oxide is an active antioxidant against free
radical-mediated lipid peroxidation and that CoQio
can reduce free radical and superoxide formation via
improving nitric oxide bioactivity. Abdin and
Hamouda (2008) have been also stated that CoQ1o
showed in vivo antiapoptotic effects by increasing the
expression and activation of mitochondrial proteins
and consequently, it may function as an antioxidant
by reduce the formation of free radicals.

Streptozotocin is a substance that causes decrease of
insulin-producing capacity by creating damaged via
oxidative stress in insulin-producing {-cells. Studies
have shown that the most common organs affected

oxidative stress related organ damage following
diabetes is liver, kidney, pancreas, and eye. Severe
metabolic changes and oxidative disturbances in the
pancreas also play an important role in the
pathogenesis of diabetes (Baynes and Thorpe 1999,
Ihara et al. 1999). In experimental diabetes, it has
been stated that there is an increase in oxidative stress
markers in pancreatic islet cells and it has been
determined damage and dysfunctions in $ cells of rats
(Thara et al. 1999, Meghana et al. 2007). In this study,
irregularity in the contours of Langerhans islets,
vacuolization and atrophy in the islet cells were
observed in streptozotocin induced diabetic groups.
These histological findings were found to be
consistent with datas of the previous conducted
studies (Kamalakkannan and Prince 2005, Hassan et
al. 2015, Yaman et al. 2017). In recent studies, it has
been reported that antioxidants and plant extracts
improved functional state of pancreatic  cells and
partially  reversed the damage caused by
streptozotocin to B-cells of the pancreatic islets
(Kanter et al. 2004, Kamalakkannan and Prince 2005,
Omar and Atia 2012, Abunasef et al. 2014, Niture et
al. 2014, Hassan et al. 2015, Yaman et al. 2017). Luo
et al. (2019) suggested that CoQio has beneficial
effects for reducing mitochondrial injury via its
antioxidative ~ properties and is effective in
ameliorating pancreatic [ cell dysfunction by
tacrolimus. Similarly our study, it was seen that the
CoQ1o application to diabetic rats led to partially
improve in pancreatic tissues. Also, a statistically
significant increase in the percentage of the insulin
immun reactive cells was noted in this group when
compared to the diabetes group.

Nitric oxide occurs during conversion of L-arginine
to L-citrulline. This enzymatic pathway is managed by
nitric oxide synthase (NOS). Nitric oxide synthase has
at least 3 isoenzymes: Inducible NOS (INOS) is
found in macrophages and it is involved in
pathological events. Structural neuronal NOS
(nNOS) are found in the brain. Structural endothelial
NOS (eNOS) are synthesized from endothelial cells,
endocardial cells, ventricular myocytes and other
myocardial cells and its activation is dependent on Ca
and calmodulin (Felaco et al. 2001). It is stated that
endothelial damage in diabetes may be a consequence
of glucometabolic and peroxidative stress. It was
reported that even if high amounts of NO produced
by iNOS have been seen to be toxic and damaging,
structurally optimum of NO produced by eNOS is
required for the protection of endothelial function.
Therefore, eNOS is important determining of the
microvascular complications of diabetes and the
susceptibility to cardiovascular disease (Inan 2015,
Kroncke et al. 1995, Ozgiin et al. 2014). In this study
conducted by Felaco et al. (2001) related with eNOS
localization and expression in myocardial tissue in
healthy and diabetic rats, it was reported that there
was no difference between the diabetic group and the
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control group in terms of eNOS immunreactivity in
myocytes and there was less immunreactivity in the
diabetic group compared to the control group in the
vascular endothelium. In this study, there was no
difference among the groups in terms of eNOS
immunreactivity in aortic endothelium. Long-term
complications ~ of  diabetes are  retinopathy,
nephropathy and cardiovascular disease. In fact, the
duration of this study is thought to be insufficient for
the development of cardiovascular complications.

As a result, if it regards to the significant changes
particulatly in the levels of GSH, CAT, TBARS and
positively changes in NO level with CoQio
administration to experimental diabetic rats, it was
concluded that CoQqo may alleviate the negative
effects of diabetes on these parameters and that it
may be useful due to protective properties in diabetes.
The histological findings of the study support
partially the changes in some plasma enzyme levels as
a result of CoQ1o application. It has been thought that
the determined data may contribute to the studies be
conducted the same subject in the future and further
studies are required in different dose and duration.
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