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Role of nitric oxide and oxidative stress in pathophysiology of liver
Injury in streptozotocin-induced type 1 diabetic rats
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Summary: Type 1 diabetes mellitus (TIDM) is a severe chronic metabolic disorder characterized by hyperglycaemia because
of the alterations in insulin secretion or its action. It is previously shown that hyperglycemia related oxidative stress (OS) and excessive
nitric oxide (NO) production may cause severe complications in kidney and brain. In this report, it is aimed to investigate the cytotoxic
effects of NO and to evaluate possible interaction with T1DM related hepatopathology. Expression levels of 8-hydroxy-2'-
deoxyguanosine (8-OHdG), endothelial nitric oxide synthase (eNOS), inducible nitric oxide synthase (iNOS), Cu/Zn superoxide
dismutase (SOD1) and glutathione reductase (GR) were examined by immunohistochemistry in liver tissues. Results of the study
revealed that levels of 8-OHdG (P<0.001), eNOS (P<0.001), eNOS (P<0.001), SOD1 (P<0.001) and GR (P<0.001) were remarkably
higher in liver with TLDM than control. The most prominent finding of this study is the increased levels of 8-OHdG in the mostly
hepatocyte cytoplasm. These results suggest an involvement of oxidative DNA damage and OS might play a pivotal role on hepatic
degeneration and this is a novel insight of pathogenesis on the explanation of cellular processes in streptozotocin (STZ)-induced type
1 diabetic rats’liver. Furthermore, these results also suggested that STZ-induced hepatic pathology might have been augmented by the
contribution of high NO expression mediated OS. Taken together, the results suggest NO related hepatic inflammation and degeneration
closely implicated in pathophysiology of TLDM. The results also clearly indicated that OS plays an important role on hepatic pathology
and OS biomarkers might indicate the progress of the TIDM.

Keywords: Hepatopathology, nitric oxide, oxidative stress, type 1 diabetes mellitus.

Streptozotosin ile tip 1 diyabet olusturulan siganlarin karacigerlerinde meydana gelen hasarlarda
nitrik oksit ve oksidatif stresin patofizyolojideki rolleri

Ozet: Tip 1 diyabet (T1D), insiilinin salg1 veya gorevlerinde anormalliklerle karakterize kronik metabolik bir hastaliktir. Daha
Onceleri diyabetik hayvanlarda, hiperglisemi ile tetiklenen oksidatif stres (OS) ve nitrik oksit (NO) seviyelerindeki patolojik
yiikselmelerin bobrek ve beyinde siddetli komplikasyonlara neden oldugunu gosterdik. Bu ¢caligma NO’in sitotoksik etkisinin ve OS’in
T1D ile iliskili hepatopatolojilerde herhangi bir iligkinin olup olmadigini tanimlamak i¢in tasarlanmistir. Bu amagla 8-hidroksi-2'-
deoxyguanosine (8-OHdG), endotelyal nitrik oksit sentaz (eNOS), uyarilabilir nitrik oksit sentaz (iNOS), Cu/Zn siiperoksit dismutaz
(SOD1) ve glutatyon rediiktaz (GR) immunoreaktiviteleri karaciger dokusunda arastirildi. Caligmada, 8-OHdG (P<0.001), eNOS
(P<0.001), eNOS (P<0.001), SOD1 (P<0.001) ve GR (P<0.001) immunoreaktivitelerinin T1D’li hayvanlara ait karaciger dokularinda,
saglikli kontrol gruplara gore ciddi anlamda bir artigin oldugu tespit edildi. Bu ¢alismada en 6nemli bulgu, 8-OHdG sunumlarinin
genelde sitoplazmada oldugudur. Bu sonuglar STZ ile indiiklenen karaciger dejenerasyonlarinda OS’in ana kaynagmnin patolojik
diizeylerde iiretilen NO oldugunu da gosterdi. Ayrica, oksidatif DNA hasari ve oksidatif stresin diyabete bagli karaciger
dejenerasyonlarinda ¢ok 6nemli bir rol aldig1 ve hiicresel mekanizmalarin ortaya konmasinda anahtar gorevi iistlenecegi gosterildi. Bu
bulgular birlikte ele alindiginda, T1D’le iliskili karaciger patolojileri NO aracili karaciger yangilari ve dejenerasyonlarin énemli bir
faktor oldugu goriilmektedir. Ayrica, bu ¢alisma OS’in karaciger patofizyolojisinde gérev aldigini ve OS belirleyicilerinin hastaligin
takibinde 6nemli gorevler alabilecegini gosterdi.

Anahtar sozciikler: Hepatopatoloji, nitrik oksit, oksidatif stres, tip 1 diyabet.

Introduction
Diabetes mellitus (DM) is a disease that holds an serious diabetic complications. Although diabetic ketosis
important place among the metabolic diseases, damaging ~ and hepatic lipidosis has been widely studied for decades,
and/or causing dysfunctions in many organs including the ~ the molecular mechanisms and pathogenesis of
liver (20, 23, 31). Diabetic hepatopathy is among the most hepatocellular degeneration are still not fully clarified.
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Nitric oxide (NO) is present in three different
isotypes and are synthesized by three different enzymes:
neuronal NOS (nNOS; type 1), inducible NOS (iNOS; type
I1) and endothelial NOS (eNQOS, type III) (25, 35). NO-
mediated cytotoxicity was first shown on macrophages
and subsequently the synthesis of high level of NO from
L-arginine was shown to induce apoptotic cell death (3, 4,
11, 13, 34). Liver degenerations in sepsis, hepatitis and
ischemia/reperfusion show frequently co-association with
NO production at pathological levels (6, 22). Thus, it is
quite essential to maintain NO levels of the liver within
the normal physiological range.

Oxidative stress (OS) is triggered by excessive
production/generation of reactive nitrogen species (RNS)
and highly reactive oxygen species (ROS) and/or poor rate
of removal of free radicals due to the alterations in the
functioning of antioxidant enzymes (19, 32). The
antioxidant systems are strengthened by enzymes such as
superoxide dismutase, glutathione reductase (GR),
catalase and glutathione peroxidase (38, 43, 47). All
cellular molecules such as lipids, proteins and nucleic
acids are very sensitive to excessively produced ROS and
RNS (19).

Oxidative stress was shown to play a key role in the
pathogenesis of complications that occur in DM (17, 18,
33). It was also described that in diabetic liver, the levels
and activities of antioxidant enzymes such as SOD,
glutathione and catalase significantly decrease (28, 36,
40). Clinical and experimental studies showed that the DM
induced liver damage becomes even more effective and
further exacerbated in long-term periods.

The first objective of this study is to determine
whether there is a link between NO production and the
severity of the hepatic degenerations seen in the early
stages of diabetes in the liver of rats with type 1 diabetes
mellitus. The second aim of the study is to demonstrate
what kind of roles antioxidant enzymes play in this
process.

Materials and Methods

Ethics statement: The experimental protocol was
approved by the Committee on the Ethics of Animal
Experiments at Atatiirk University (Permit Number: 46-
02.03/2014) and performed accordance with National
Centre for the Replacement, Refinement, and Reduction
of Animals in Research.

Induction of STZ model of diabetes: 20 male Wistar
albino rats weighing 250-300 were randomly allotted to
two experimental groups (n = 10 per group). Previously
demonstrated that STZ destroys pancreatic beta cells and
is a model of type 1 diabetes mellitus (45). Type 1 diabetes
was induced in the rats by a single intraperitoneal injection
of streptozotocin (STZ) (65 mg/kg body weight) dissolved
in 0.1 mM sodium citrate, pH 4.5.

Necropsy and histopathology: All steps for
histopathological examination were carried out following
the procedure described by Dincel and Kul (12).
Accordingly, performing the routine tissue preparation
procedures and paraffin sections were then cut and
mounted on glass slides. Hematoyxlin-Eosin (H&E) and
immunohistochemical tests were performed, and they
were analyzed using a trinocular light microscope
(Olympus BX51 and DP25 digital camera).

Antibodies: Commercial anti-mouse antibodies
against 8-OHdG (Santa Cruz Biotechnology, USA,
1/100), eNOS (Thermo Scientific, USA, ready to use),
iNOS (Thermo Scientific, USA, ready to use), GR (Santa
Cruz Biotechnology, USA, 1/100), SOD1 (Santa Cruz
Biotechnology, USA, 1/100) were used in the present
study.

Immunoperoxidase examination: All steps were
carried out following the procedure described by Dincel
and Kul (13). Tissue sections were incubated with the
primary antibody (8-OHdG, eNOS, iNOS, SOD1 and GR)
for 60 min. Finally, sections were incubated in aminoethy!l
carbazole chromogen (Thermo Scientific, USA) for 5-10
min to induce the color reaction. Mayer’s hematoxylin
was applied as a counterstain for 30 sec.

Histomorphometric analysis and statistics: The
density of positive staining was measured using a
computerized image system composed of a Leica CCD
camera DFC420 (Leica Microsystems Imaging Solutions,
Ltd., Cambridge, UK), connected to a Lecia DM4000 B
microscope (Leica Microsystems Imaging Solutions, Ltd.)
and was used according to the procedure described by
Dincel and Atmaca (10). Statistical analysis of
immunohistochemical results were compared between
groups using the non-parametric data, Mann-Whitney U-
test. The data were presented as means = SD. A P value of
<0.05 was considered significant.

Results

Histopathologic findings: Macroscopic findings
have not been determined in experimental animals.
Histopathologic examination of rat livers from healthy
control group showed normal hepatic lobular architecture
and pancreas to have a normal histological structure. The
most prominent histopathologic findings in the livers of
STZ-treated rats were severe edema and hemorrhage. In
addition, necrotic/degenerative hepatocytes were evident
in the periacinary localization, and there was a
mononuclear inflammatory cell infiltration (Figures 1A,
B). In diabetic group, STZ caused severe degenerative
changes in the islets of Langerhans. This degenerative
changes were seen mainly at the central area.

Immunoperoxidase findings: In this study, eNOS-
iNOS (Figure 2), GR-SOD1 (Figure 3) and 8-OHdG
expressions (Figure 4) in the liver were higher in diabetic
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Figure 1. Necrotic/degenerative hepatocytes in centrilobular areas.

hepatocytes in STZ-treated group. H&E, Bar, 100 um (B).
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H&E, Bar, 100 um (A). Severe edema and necrotic/degenerative

Sekil 1. Sentrilobiiler bolgede nekrotik/dejeneratif hepatositler. H&E, Bar, 100 wm (A). Siddetli 6dem ve nekrotik/dejeneratif

hepatositler (Diyabetik grup). H&E, Bar, 100 um (B).
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Figure 2. Comparison of eNOS and iNOS
immunopositivity. Statistical difference is indicated as
letters. "a" represent values statistically higher than control
group. Statistical analysis was performed according to
Mann-Whitney U-test. The values represent means + S.D.
P < 0.05 was considered statistically significant.

Sekil 2. eNOS ve iINOS immiinopozitifliklerin
karsilastirilmasi. Istatistiksel farklar ‘a’ ile gosterilmistir.
‘a’ istatistiksel olarak kontrol grubundan yiiksek oldugunu
vurgulamaktadir. Analizler Mann-Whitney U-test ile
yapildi. P < 0.05 istatistiksel olarak anlamli kabul edildi.
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Figure 3. Comparison of GR and SOD1 immunopositivity.
Statistical difference is indicated as letters. "a" represent values
statistically higher than control group. Statistical analysis was
performed according to Mann-Whitney U-test. The values
represent means + S.D. P < 0.05 was considered statistically
significant.

Sekil 3. GR ve SOD1 immiinopozitifliklerin karsilastirilmasi.
Istatistiksel farklar ‘a’ ile gdsterilmistir. ‘a’ istatistiksel olarak
kontrol grubundan yiiksek oldugunu vurgulamaktadir. Analizler
Mann-Whitney U-test ile yapildi. P < 0.05 istatistiksel olarak
anlamli kabul edildi.

Figure 4. Comparison of 8-OHdG immunopositivity. Statistical difference is
indicated as letters. "a" represent values statistically higher than control group.
Statistical analysis was performed according to Mann-Whitney U-test. The
values represent means + S.D. P < 0.05 was considered statistically
significant.

Sekil 4. 8-OHdG immiinopozitifliklerin karsilastirilmasi. Istatistiksel farklar

[P

ile gosterilmistir. ‘a’ istatistiksel olarak kontrol grubundan yiiksek
oldugunu vurgulamaktadir. Analizler Mann-Whitney U-test ile yapildi. P <
0.05 istatistiksel olarak anlaml1 kabul edildi.
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Figure 5. Healthy control group; low expression of 8-OHdG in hepatocytes, Kupffer cells and and pericentral area. ABC technique
(anti-8-OHAG), Mayer's hematoxylin counterstain, Bar, 100 pm (A, B). Increased cytoplasmic expression of 8-OHdG in pericentral
area and necrotic/degenerative hepatocytes. Diabetic group, ABC technique (anti-8-OHdG), Mayer's hematoxylin counterstain, Bar,
200 pum (C). Increased expression of 8-OHdG in pericentral area, portal vein, hepatic arters and bile duct. Diabetic group, ABC
technique (anti-8-OHdG), Mayer's hematoxylin counterstain, Bar, 200 um (D). Increased expression of 8-OHdG in pericentral area,
portal vein (arrowheads), hepatic arteries and bile duct. Diabetic group, ABC technique (anti-8-OHdG), Mayer's hematoxylin
counterstain, Bar, 200 um (E). Increased cytoplasmic expression of 8-OHdG in some periportal hepatocytes, portal vein and bile duct.
Diabetic group, ABC technique (anti-8-OHdG), Mayer's hematoxylin counterstain, Bar, 100 um (F).
Sekil 5. Saglikli control grup; hepatositlerde, Kupffer hiicrelerinde perisentral bolgede zayif 8-OHdG sunumlari. ABC teknik (anti-8-
OHdG), Mayer's hematoksilin arka plan boyamasi, Bar, 100 pm (A, B). Nekrotik/dejeneratif hepatositler ve perisentral bolgede siddetli
sitoplazmik 8-OHdG sunumlar1. Diyabetik grup, ABC teknik (anti-8-OHdG), Mayer's hematoksilin arka plan boyamasi, Bar, 200 pm
(C). Perisentral bolge, portal ven, hepatik arter ve safra kanalinda siddetli 8-OHdG sunumlar1. Diyabetik grup, ABC teknik (anti-8-
OHdG), Mayer's hematoksilin arka plan boyamasi, Bar, 200 um (D). Perisentral bolge, portal ven (ok baslari), hepatik arter ve safra
kanalinda siddetli 8-OHdAG sunumlar1. Diyabetik grup, ABC teknik (anti-8-OHdG), Mayer's hematoksilin arka plan boyamasi, Bar,
200 um (E). Baz1 periportal hepatositlerde, portal ven ve safra kanalinda siddetli sitoplazmik 8-OHdG sunumlari. Diyabetik grup, ABC
teknik (anti-8-OHdG), Mayer's hematoksilin arka plan boyamasi, Bar, 100 um (F).
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Table 1. Immunoperoxidase technique results and statistical data.

Tablo 1. Immunoperoksidaz boyama teknigi sonuglari ve istatistiksel veriler.

8-OHdG eNOS iNOS GR SOD1
ANIMALS| N <P <P <P <P <P
Mean Sd Mean | Sd Mean | Sd Mean | Sd Mean Sd
;?irr‘;;?; 10| 2,542 | 0,356 1,547 | 0,340 1,960 | 0,229 2,041 | 0,259 3,527 | 0,294
el 0,001 0,001 0,001 0,001 0,001
grlw?mez:;s(,: 10| 4,737 | 0,413 4,030 | 0,215 3,996 | 0,263 4,301 | 0,329 5,656 | 0,406

hepatopathy group than in healthy control animals
(P<0.001). Statistical analysis of the data on eNOS, iNOS,
GR, SOD1 and 8-OHdG expressions in the liver,
measured by immunostaining in all the groups, are listed
in Table 1.

8-hydroxy-2'-deoxyguanosine (8-OHdG) expressions:
Weak immunoreactivity for 8-hydroxy-2'-deoxyguanosine
(8-OHdG) was observed in some hepatocytes (Figure 5A)
and no immunostaining around the periacinary areas were
observed (Figure 5B) in healthy control group.

Increased 8-OHdG expression was observed only in
the cytoplasms of the hepatocytes and in Kupffer cells
(Figures 5C, D). In addition, cytoplasmic immunoreaction
was localized in some degenerative/necrotic hepatocytes.
The most conspicuous finding of the present study was
that 8-OHAG expression was markedly increased
periacinary area, bile duct and endothelial cells (Figures
5E, F).

8-OHdG expressions in the liver were statistically
higher in diabetic hepatopathy group when compared with
healthy control animals (P<0.001) (Figure 4).

Endothelial nitric oxide synthase (eNOS) and
inducible nitric oxide synthase (iNOS) expressions: Fairly
weak immunoreactivities for eNOS (Fig. 6A) and iNOS
(Figure 7A) were observed in hepatocytes in healthy
control group.

Immunohistochemical staining demonstrating that
iINOS and eNOS immunoreactivity was dramatically
intense in the hepatocytes and sinusoidal endothelial cells.
Another conspicuous finding of the present study was that
eNOS expression markedly increased in veins in hepatic
portal area, degenerative/necrotic hepatocyte and
endothelial cells (Figures 6B, C, D) and increased iNOS
expression in periacinar area. In addition, iNOS
expression was found in endothelial cells (Figure 7B) and
expression of eNOS was significantly  increased in
sinusoidal endothelia and especially in degenerative
hepatocytes (Figures 6B, C).

eNOS and iNOS expressions in the liver were
statistically higher in diabetic hepatopathy group when
compared with healthy control animals (P<0.001) (Figure 2).

Cu/Zn  superoxide dismutases (SOD1) and
glutathione reductase (GR) expressions: Fairly weak
immunoreactivity for SOD1 and GR expressions were

observed in hepatocytes and sinusoidal area (Figures 8A,
9A) in healthy control group.

Increased SOD1 expression was observed periacinar
area but not periportal area. Moreover, strong SOD1
expression was detected in hepatocyte and endothelia
(Figures 8 B, C, D). Another conspicuous finding of the
present study was that GR expression markedly increased
in sinusoidal endothelial cells and central vein.
Importantly, soluble GR antigen staining was observed in
the lumens of central vein (Figures 9B, C, D).

SOD1 and GR expressions in the liver were
statistically higher in diabetic hepatopathy group when
compared with healthy control animals (P<0.001) (Figure
3).

Discussion and Conclusion

Previous studies shown that in diabetic animals,
hyperglycemia related OS and NO production at
pathological levels cause severe complications in the
kidney and brain tissues (8, 9). In this study we have first
shown that in the early stages of diabetes an active
antioxidant enzyme system steps in. We suggest that this
is caused by increasing levels of H,O, and superoxide
radicals due to hyperglycaemia. Secondarily, we have
shown that iINOS and eNOS are responsible for NO
production at pathological levels versus healthy control
group. We suggest that NO production has an essential
level of immunopathological role, providing the largest
contribution to the hyperglycaemia-mediated tissue
damage in the early stages of diabetes. Finally, we have
shown the DNA damage caused by OS in the liver tissue.
We suggest that the DNA damage that we observed is
caused largely by RNS.

Oxidative stress was described to undertake an
important role in the pathogenesis of subchronic and/or
chronic diabetic hepatopathology (28, 33, 36, 40). The
reason of the pathology related to OS that occur in the liver
was described to be due to the decrease in the activities of
antioxidant enzymes. In fact, it was shown that activities
of antioxidant enzymes are much lower than the
physiological limit in diabetic hepatopathology (5, 14, 39,
44). The most striking finding of this study is the fact that
there is a statistically significant increase in the
antioxidant enzyme expression. We believe that the most
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Figure 6. Healthy control group; very slight expression of eNOS in liver. ABC technique (anti-eNOS), Mayer's hematoxylin
counterstain, Bar, 100 pm (A). Strong expression of eNOS in sinusoidal area and endothelial cells. Diabetic group, ABC technique
(anti-eNOS), Mayer's hematoxylin counterstain, Bar, 100 um (B). Strong expression of eNOS in portal veins (arrowheads) and
sinusoidal endothelial cells. Diabetic group, ABC technique (anti-eNOS), Mayer's hematoxylin counterstain, Bar, 200 um (C). Strong
expression of eNOS in portal vein and sinusoidal endothelial cells. Diabetic group, ABC technique (anti-eNOS), Mayer's hematoxylin
counterstain, Bar, 50 pm (D).

Sekil 6. Saglikli kontrol grup; karacigerde zayif eNOS sunumlari. ABC teknik (anti-eNOS), Mayer's hematoksilin arka plan boyamasi,
Bar, 100 um (A). Siniizoidal bolgelerde ve endotel hiicrelerde giiclii eNOS sunumlari. Diyabetik grup, ABC teknik (anti-eNOS),
Mayer's hematoksilin arka plan boyamasi, Bar, 100 pm (B). Portal ven (ok baglar1) ve siniizoidal endotel hiicrelerde siddetli eNOS
sunumlar1. Diyabetik grup, ABC teknik (anti-eNOS), Mayer's hematoksilin arka plan boyamasi, Bar, 200 um (C). Portal ven ve
sintizoidal endotel hiicrelerde siddetli eNOS sunumlar1. Diyabetik grup, ABC teknik (anti-eNOS), Mayer's hematoksilin arka plan
boyamasi, Bar, 50 um (D).
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Figure 7. Healthy control group; very slight expression of iNOS liver. ABC technique (anti-iNOS), Mayer's hematoxylin counterstain,
Bar, 100 pm (A). Strong expression of iNOS in endothelial cells (arrowheads) and pericentral area. Diabetic group, ABC technique
(anti-iNOS), Mayer's hematoxylin counterstain, Bar, 200 um (B). Strong expression of iNOS in sinusoidal endothelial cells and
pericentral area. Diabetic group, ABC technique (anti-iNOS), Mayer's hematoxylin counterstain, Bar, 200 um (C). Strong expression
of iNOS in hepatocytes and Kupffer cells. Diabetic group, ABC technique (anti-iNOS), Mayer's hematoxylin counterstain, Bar, 50 um
(D).

Sekil 7. Saglikli kontrol grup; karacigerde hafif iNOS sunumlari. ABC teknik (anti-iNOS), Mayer's hematoksilin arka plan boyamas,
Bar, 100 um (A). Endotel hiicrelerde (ok baslari) ve perisentral bolgede siddetli iNOS sunumlar1. Diyabetik grup, ABC teknik (anti-
iNOS), Mayer's hematoksilin arka plan boyamasi, Bar, 200 um (B). Siniizoidal endotel hiicrelerde ve perisentral bolgede siddetli iNOS
sunumlar1. Diyabetik grup, ABC teknik (anti-iNOS), Mayer's hematoksilin arka plan boyamasi, Bar, 200 um (C). Hepatosit ve Kupffer
hiicrelerinde siddetli iINOS sunumlari. Diyabetik grup, ABC teknik (anti-iNOS), Mayer's hematoksilin arka plan boyamasi, Bar, 100
um (D).
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Figure 8. Healthy control group; mlldlmoderate expression of SODL1 in liver. ABC technique (anti-SOD1), Mayer's hematoxylln
counterstain, Bar, 200 pm (A). Very strong expression of SOD1 in pericentral area. Diabetic group, ABC technique (anti-SOD1),
Mayer's hematoxylin counterstain, Bar, 200 um (B). Very strong expression of SOD1 in hepatocytes in pericentral area. Diabetic group,
ABC technique (anti-SOD1), Mayer's hematoxylin counterstain, Bar, 100 um (C). Very strong expression of SOD1 in central vein and
hepatocytes. Diabetic group, ABC technique (anti-SOD1), Mayer's hematoxylin counterstain, Bar, 100 um (D).

Sekil 8. Saglikli kontrol grup; karacigerde hafif/orta siddette SOD1 sunumlari. ABC teknik (anti-SOD1), Mayer's hematoksilin arka
plan boyamasi, Bar, 200 pm (A). Perisentral bolgede siddetli SOD1 sunumlari. Diyabetik grup, ABC teknik (anti-SOD1), Mayer's
hematoksilin arka plan boyamasi, Bar, 200 pm (B). Perisentral hepatositlerde siddetli SOD1 sunumlari. Diyabetik grup, ABC teknik
(anti-SOD1), Mayer's hematoksilin arka plan boyamasi, Bar, 100 um (C). Sentral ven ve hepatositlerde siddetli SOD1 sunumlari.
Diyabetik grup, ABC teknik (anti-SOD1), Mayer's hematoksilin arka plan boyamasi, Bar, 100 um (D).
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Figure 9. Healthy control group; very slight expression of GR in portal vein and sinusoidal area. ABC technique (anti-GR), Mayer's
hematoxylin counterstain, Bar, 100 um (A). Strong expression of GR in sinusoidal area and endothelial cells. Diabetic group, ABC
technique (anti-GR), Mayer's hematoxylin counterstain, Bar, 100 um (B). Strong expression of GR in sinusoidal area, endothelial cells
and portal vein. Soluble GR antigen staining in the lumens of central vein. Diabetic group, ABC technique (anti-GR), Mayer's
hematoxylin counterstain, Bar, 100 um (C). Strong expression of GR in sinusoidal area, endothelial and Kupffer cells. Diabetic group,
ABC technique (anti-GR), Mayer's hematoxylin counterstain, Bar, 100 um (D).

Sekil 9. Saglikli kontrol grup; portal ven ve siniizoidal bolgelerde zayif GR sunumlari. ABC teknik (anti-GR), Mayer's hematoksilin
arka plan boyamasi, Bar, 100 um (A). Siniizoidal bolge ve endotel hiicrelerde siddetli GR sunumlari. Diyabetik grup, ABC teknik (anti-
GR), Mayer's hematoksilin arka plan boyamasi, Bar, 100 um (B). Siniizoidal b6lge ve endotel hiicrelerde siddetli GR sunumlari. Sentral
ven liimeninde ¢6ziinmiis GR antijenleri. Diyabetik grup, ABC teknik (anti-GR), Mayer's hematoksilin arka plan boyamasi, Bar, 100
um (C). Siniizoidal bolge, endotel ve Kupffer hiicrelerinde siddetli GR sunumlar1. Diyabetik grup, ABC teknik (anti-GR), Mayer's
hematoksilin arka plan boyamasi, Bar, 100 pm (B).
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likely reason for the OS related pathology seen in the
diabetic liver are because the capacity of antioxidant
enzymes is exceeded. These enzymes function in the
elimination of the free radicals that are excessively
produced due to hyperglycemia during the early stages of
diabetes. In later stages, it is seen that it may also result
from the reduction of the activity of these enzymes. In
short, this study confirms that there is an active antioxidant
protection mechanism that starts functioning in the early
stages but this process is affected adversely and in time the
expression of these enzymes become much lower than the
physiological limits. There is a significant increase in
SOD activity as a compensation mechanism due to the
excessive superoxide production (47). It was described
that the increase in these radicals may cause problems in
the vital functioning of the cells (24, 37). The significant
increase in the expression of SOD indicates that there is a
significant hyperglycemia dependent increase in the
concentration of superoxide radicals in the liver.
Therefore, this increase in SOD activity that is induced by
the increased concentration of superoxide radicals may
occur as a defensive mechanism. This suggests that it is
very probable that in the later stages of diabetes depending
on SOD depletion there may be a potential superoxide
toxicity in liver. Glutathione reductase is involved in the
activation of the glutathione peroxidase (GPx) and plays a
role in the removal of H,O, from the environment (30, 46).
Another important finding in this study is the detection of
asignificant increase in GR expression. This indicates that
there is a severe increase in hyperglycemia induced H,O;
production in the liver. Moreover, it was previously shown
that in the liver there is a lipid peroxidation dependent
increase in GR expression, above the physiological range
(26, 42). This shows that in subchronic and/or chronic
diabetes mellitus, the increase in H.O, and lipid
peroxidations due to the decreased GR activity has an
important place among the causes of diabetic
hepatopathology.

It was previously shown that RNS significantly
contributes to the DNA damage and there is a strong
positive correlation between them (29). Severe
cytoplasmic 8-OHdG expression that was detected in this
study indicates the presence of a significant oxidative
DNA damage. The damage observed is in the
mitochondrial and nuclear DNA. It was also previously
shown that NO targets mitochondria and induces
successive losses in mitochondrial membrane potential,
causes cytochrome c release to the cytosol and thus
triggers internal apoptotic pathways (2, 21, 34). It is quite
clear that eNOS and iNOS dependent NO production at
pathological levels is among the causes of oxidative DNA
damage that occurs in the diabetic liver.

There are studies showing that NO inactivates some
antioxidants like catalase, glutathione peroxidase and
superoxide dismutase (1, 15). Thus, we think that eNOS

and iINOS mediated NO production at pathological levels
in the early stages of diabetes is among the causes of
downregulation seen in the antioxidant enzymes during
the chronic and subchronic stages of diabetes. Therefore,
itis clear that revealing the roles of NO in the pathogenesis
of diabetic hepatopathy and its molecular mechanisms will
also help to develop therapeutic methods to reduce the
severity of complications.

NO increases fluid shear stress and the largest
contributor to this is provided by eNOS (7, 27). Along
with this, there are also studies showing that OS increases
fluid shear stress (16, 41). Oxidative DNA damage and
severe expression of eNOS and iNOS in diabetic liver, that
are among the most important findings of this study,
indicate that there is severely triggered fluid shear stress.
Therefore, in order to avoid fluid shear stress, anti-oxidant
and NO inhibition therapies can be administered in
combination. It is likely that it will play a key role in the
prevention of hepatopathology that may occur.

This study showed that 8-OHdG, pivotal marker for
measuring the effect of endogenous oxidative damage to
DNA, was a good biomarker for risk assessment of this
disease. In addition to this biomarker might be used to
estimate the DNA damage in humans/animals after
exposure to hyperglisemia. STZ-induced diabetic animal
livers showed enhanced levels of eNOS and iNOS, and
prolonged release of NO, which may contribute to
hepatotoxicity and parenchyma degeneration.

The research on diabetes suggests that the diabetic
hepatopathology that occur in the liver is an extremely
complex process. In this study it was seen that the diabetes
induced degeneration that occurs in liver does not only
originate from hyperglycemia but also from NO that is
produced above physiological limits by iNOS and eNOS
in parenchymal and endothelial cells. It is also thought that
there is a severe nitrositive and fluid shear stress related to
the NO production in the liver. Thus, it is quite clear that
nitrositive stress is also the reason behind the in the
aetiology of oxidative DNA damage.
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