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Summary

Objective: One of the most important complications of
diabetes mellitus is diabetic nephropathy. Captopril is an
ACE inhibitor and used in the diabetic nephropathy
treatment. In the last years, it has been shown that
angiotensin receptor antagonists have similar efficiency
as ACE inhibitors for prevention of proteinuria. The
angiotensin II-AT; receptor antagonist Losartan is a new
antihypertansive material that has been worked on this
field. Nitric oxide (NO) is a multifunctional mediator that
has been implicated in the short-term hemodynamic
alterations that occur acute streptozocin induced
diabetes. Nitric oxide is synthesized exclusively from its
precursor L-arginine under the catalytic effect of nitric
oxide synthase (NOS), which there are three isoforms.
Diabetic nephropathy represents a complex metabolic
arena characterized with patho-physiological events that
both stimulate end depress intrarenal NO production.
The aim of this study was to assess whether the iINOS
pathway is pathologically altered in experimental diabetic
nephropathy, and in therapy with ACE inhibitor (Captopril)
or angiotensin II-AT; receptor antagonist (Losartan).

Ozet

Amag: Diabetes mellitusun en énemli komplikasyonla-
rindan biri diabetik nefropatidir. Kaptopril bir ACE inhi-
bitériidlir ve diabetik nefropati tedavisinde kullanilir. Son
yillarda anjiotensin reseptér antagonistlerinin protein(iriyi
6nlemek icin ACE inhibitérleri gibi etki ettikleri gbste-
rilmigtir. Anjiotensin II-AT1 reseptér antagonisti Losartan,
bu calisma alaninda c¢alisilan yeni bir antihipertansif
materyaldir. Nitrik oksit (NO), akut streptozosin verilerek
olusturulan diabetteki, akut meydana gelen hemodinamik
degisikliklerde etkisi bulunan ¢ok fonksiyonlu bir media-
toérddr. Nitrik oksit, nitrik oksit sentez (NOS) enziminin
katalitik etkisi altinda prekiirsér L-arjinin’den sentezlenir
ve 3 alt grubu vardir. Diabetik nefropati de bébrek ici NO
tiretimini hem artiran hem de azaltan patofizyolojik
olaylarla karakterize karmasik metabolik olaylari igerir.
Bu c¢alismanin amaci, deneysel diabetik nefropatide
iNOS yolunun patolojik degisiklikleri ve ACE inhibitérleri
ve anjiotensin 1I-AT1 reseptér antagonisti kullananlardaki
etkileridir.
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Materials and methods: 32 male Wistar rats weighting
140-220 g were used for this study. The rats were made
diabetic using a single intraperitoneal injection of 65
mg/kg streptozotocin (Sigma Chemical Co., St. Louis,
MO, USA). Rats were divided in to four groups: Group A
(n= 8): Control, Group B (n=8): STZ- diabetic control,
Group C (n=8): STZ + Losartan (DM+ L) (10 mg/kg/day),
Group D (n=8): STZ + Captopril (DM+C) (50 mg/kg/day).
The experiment lasted 6 weeks. The levels of blood
glucose, albuminuria, creatinine clearence was deter-
mined. Renal tissue samples were extracted under
anesthesia for histopathologic study. Monoclonal anti-
bodie against the following antigen was used: iNOS
(Zymed 61-7700).

Result: At the diabetic control group, the level of albu-
minuria was increased significantly and was decreased
significantly in the Captopril and Losartan given groups
(p<0.001). There was no statistically significant differen-
ces in albuminuria between the DM+L and DM+C groups
(p>0.05). The values of creatinine clearence were in-
creased in diabetic control group as compared to control
group (p<0.001). The reducing creatinine clearence in
DM+L and DM+C groups was statistically not significant
(p>0.05). By immunohistochemistry, iNOS staining was
only observed in glomeruli of diabetic control group.

Conclusion: Glomerular iNOS expression was enhan-
ced in diabetic nephropathy and the activation of an-
giotensin Il may play a role in this enhancement.

Key words: iNOS, diabetic nephropathy, ACE inhibitor,
Angiotensin Il

Diabetic nephropathy is the most common single
cause of end-stage renal disease in the United
States and in Europe (1). Diabetic nephropathy is a long-
term complication that occurs in 30-40% of patients with
diabetes mellitus (DM) (2). Despite numerous studies,
the pathophysiology of DM nephropathy is not completely
understood. Increases of renal perfusion and GFR occur
early in the course of diabetic nephropathy, a feature
seen in experimental and clinical diabetes. Micropuncture
studies demonstrated renal vasodilation predominantly
of the preglomerular or afferent resistance vessels as a
cause of diabetic hyperfiltration (1). This was reported to
be due to increased formation of nitric oxide (NO) (3).
NO was first shown to be indentical with endothelial
derived relaxing factor in 1987 (4) and this was followed
by a rapid flurry of information defining the significance
of NO in not only vascular physiology and hemodynamics
but also in neurotransmission, inflammation and immune
defense systems. NO acts as a vascular and neural
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Materyal ve metod: Bu calismada 140-220 gr agir-
hginda 32 adet Wistat ratlari kullaniimigtir. Ratlarda tek
doz intraperitoneal 65 mg/kg streptozotocin (Sigma
Chemical Co., St. Loui, MO, USA) kullanilarak diabet
olusturulmustur. Ratlar 4 gruba bélinmustir: grup A
(n=8): Kontrol, grup B (n=8): STZ-diabetik kontrol, grup
C (n=8): STZ+Losartan (DM+L) (10 mg/kg/gtin), grup D
(n=8): STZ+Kaptopril (DM+C) (50 mg/kg/giin). Deney 6
hafta sdrdiiriildi. Kan sekeri diizeyi, alblimindiiri, kreatinin
kleransi saptandi. Bébrek dokusu érnekleri histopatolojik
calisma igin anestezi altinda alindi. Monoklonal antikora
karsi antijen kullanildi: iNOS (Zymed 61-7700).

Sonuglar: Diabetik kontrol grubunda albiminiiri seviyesi
anlamli derecede artmig ve Kaptopril ve Losartan verilen
gruplarda énemli derecede azalmisti (p<0.001). DM+L
ve DM+C gruplari arasinda anlamli bir istatiksel fark
gbrilmemisti (p>0.05). Kreatinin kleransinin degeri kon-
trol grubuna benzer sekilde diabetik kontrol grubunda da
artmisti (p<0.001). DM+L ve DM+C gruplarinda kreatinin
kleransinindeki azalma istatiksel olarak anlamli degildi
(p>0.05). immiin dokukimyasal olarak iNOS boyanmasi
diabetik kontrol grubunda sadece glomeriillerde gériild(i.

Tartigsma: Glomertiler INOS ekspresyonu diabetik nefro-
patiyi arttirir ve anjiotensin Il aktivasyonu bu artmada rol
oynayabilir.

Anahtar sézciikler: iINOS, diabetik nefropati, ACE inhi-
bitérleri, Anjiotensin Il

messenger activating soluble guanylate cyclase, resulting in
increased levels of cGMP. NO originates from L-arginine
in a reaction catalyzed by se-veral different nitric oxide
synthase (NOS) isoenzymes. The family of NOS proteins
are classified into: the constitutive type, neuronal NOS
(nNOS), endothelial NOS (eNOS), and the inducible type
(iNOS). iNOS can be expressed by various cell types,
including macro-phages, vascular smooth muscle cells,
and glomerular mesangial cells, leading to the formation
of large amounts of NO and can be induced by endotoxins
and cytokines (5). It has been proposed that stimulation
of iINOS due to hyperglycemia may lead to increased
generation of NO, which in turn contributes to diabetic
hyperfiltration and glomerular abnormalities in diabetes (6).

Recent large-scale clinical studies have demonstrated
that poor glycemic control, activation of the renin-
angiotensin axis, and hypertension play an important
role in the progression of diabetic nephropathy (7).
Several autocrine and vasoactive factors including
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angiotensin, eicosonoids, endothelin, kinins, atrial natri-
uretic peptide, transforming growth factor-p thrombo-
xane, bradykinin and nitric oxide have been implicated in
modifying the rate of progression of diabetic renal disease.
NO could potentially play a major role in mediating the
effects of hyperglycemia, hypertension, and activation of
angiotensin (3, 8-10).

This study aimed the hypothesis that NO-mediated renal
vasodilation due to the activity of the iINOS contributes to
glomerular hyperfiltration in diabetic rats. We investigated
the role of NO produced by iNOS in early STZ diabetic
nephropathy, if therapy with ACE inhibitor (Captopril) or
angiotensin II-AT1 receptor antagonist (Losartan).

Materials and methods

Animals and experimental protocol: Approval for the
study was granted by the Medical Surgical Research
Center of Osmangazi University and the Committee on
Animal Experiments of the Medical Faculty of Osman-
gazi University. All experimental procedures were per-
formed in accordance with the National Institute of
Health's Principles of Laboratory Animal Care.

32 male Wistar rats weighting 140-220 g were used for
this study. Animals were kept under standart laboratory
conditions and allowed free access to food and water.
The rats were made diabetic using a single intraperi-
toneal injection of 65 mg/kg streptozotocin (Sigma
Chemical Co., St. Louis, MO, USA). 48 h later, blood
glucose levels were determined using tail blood samples.
Only rats with blood glucose levels >250 mg/dl were
included.

Rats were divided in to four groups: Group A (n= 8):
Control. Group B (n=8): STZ- diabetic control. Group C
(n=8): STZ + Losartan (DM+ L) (10 mg/kg/day). Group
D (n=8): STZ + Captopril (DM+C) (50 mg/kg/day). The
experiment lasted 6 weeks. The levels of blood glucose,
albuminuria, creatinine clearence was determined.

Morphological examination: Renal tissue samples were
extracted under anesthesia for histopathologic study.
Fragments of the renal were fixed for 24 hours in buffered
10 % formalin solution and the embedded in parafin,
sectioned at 4 pum; the sections were stained with
hematoxyline and eosin, coded, and examined by a
pathologist (KB), who was unaware of the treatment
received and sacrifece time. Mesangial hypercellularity
was defined as mesangial regions that contained more
than three cells.
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Immunohistochemistry: Immunohistochemical investi-
gation was performed in serial 4-um sections mounted
on poly-i-lysine coated slides. Monoclonal antibody
against the following antigen was used: iINOS (Zymed
61-7700). After microwave antigen retrieval, the sections
were incubated with the antibodies overnight at 4°C.
Immunostain visualization was achieved with the stan-
dard streptavidin-biotin peroxidase technique. The slides
were stained with 3,3’-diamino-benzidine, counterstained
with hematoxylin, and mounted. As a positive control,
sections with pyelonephritis were used. The pathologist
(KB) who evaluated the immunohistochemical speci-
mens was blinded to the strain of individual animals.

Statistical analysis: Calculations were performed with
SSPS 10.0. Differences among groups were evaluated
using Tukey HSD tests. Results are presented as the
mean+ SEM. Findings were considered significant if the
p value was less than 0.05.

Results

Laboratory findings: In our study, at the end of the
second days and six weeks after administration of STZ,
blood glucose levels was increased significantly in
diabetic control, DM+L, DM+C groups as compared to
control group (p<0.001). At the diabetic control group,
the level of albuminuria was increased significantly and
was decreased significantly in the Captopril and Losar-
tan given groups (p<0.001). There was no statistically
significant differences in albuminuria between the DM+L
and DM+C groups (p>0.05). The values of creatinine
clearence were increased in diabetic control group as
compared to control group (p<0.001). The reducing
creatinine clearence in DM+L and DM+C groups was not
statistically significant (p>0.05). The laboratory findings
are showen in Table I.

No significant gross pathology was recorded in any of
the rats at autopsy. In glomeruli isolated from DM+C,
DM+L and control rats no iINOS expression was
detected. In contrast, positive staining were found in
glomeruli of diabetic rats.

Histology and immunohistochemical staining for
iINOS: Cytoplasmic clear cell change of the distal tubular
epithelium (Fig 1), glomeruler basal membran thicking
(Fig 2), glomeruler hypertrophy, mesangial cell increase
(Fig 3) and tubuler proteinous cast were present in the
diabetic control rats. Fibrinoid necrosis of glomeruler tuft
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Table |. Blood glucose, albuminuria, and creatinine clearence in groups

Parameter Control DM DM+L DM+C
Blood glucose (mg/dl) Week 0 11246.6 251+18.7 250 +23.3 240+21.9
Week 6 120+9.4 355+16.6 347+32.7* 351+22.4*

Albuminuria (mg/dl) 220448 826+53* 490+84* 443472

Creatinine clearence (mg/dl) 1.52+0.2 2.94+0.4* 2.67+0.2* 2.70+0.3**
Data are expressed as mean + SEM. C: Captopril L: Lasortan,
*p<0.001 **p>0.05

Table Il. Histological findings and immunohistochemistry staining features for INOS in groups
Control Diabetic DM+ DM+
Control Captopril Lasortan

Glomerular basal membrane thickening - 8 1 2
Glomeruler hypertrophy - 8 - -
Mesangial hypercellularity - 8 2 4
Fibrinoid necrosis of glomeruler tuft - 5 - -
Tubuler proteinous cast - 8 - -
Cytoplasmic clear cell change of the distal tubular epithelium - 8 2

INOS staining - 8 1

(Fig 3) was present in five of the six diabetic control
rats.

Glomeruler basal membrane thickening was present in
one of the six Captopril treated rats and in two of the six
Losartan treated rats. Mesangial cell increase was
observed in two of Captopril treated rats and in four six
Losartan treated rats. Cytoplasmic clear cell change of
the distal tubular epithelium was present in two of
Captopril treated rats and Losartan treated rats.

In diabetic control group rats, the glomerular mesangium
were positive for iINOS in six rats (Fig 4). There was
positive staining for iINOS within the glomeruli of two
Captopril treated rats and one Losartan treated rat. No
control rats showed positivity with iNOS. Histological
findings and immunohistochemical staining for iNOS in
groups were showed in Table II.

Discussion

Recent large-scale clinical studies have demonstrated
that poor glycemic control, activation of the renin-an-
giotensin axis, and hypertension play an important role
in the progression of diabetic nephropathy (7). Several
autocrine and vasoactive factors including angiotensin,
eicosonoids, endothelin, and NO have been implicated
in modifying the rate of progression of diabetic renal
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disease. NO could potentially play a major role in me-
diating the effects of hyperglycemia, hypertension, and
activation of angiotensin (11). In the kidney, NO controls
both afferent and efferent vascular tone, the ultrafiltration
coefficient, and medullary blood flow (12). Some findings
support a role for excessive NO production in mediating
increased intraglomerular perfusion and pressure during
the early stages of diabetes (13) as our study findings. In
contrast, there is evidence that decreased production or
inactivation of NO in long-term diabetes and alterations
in vascular reactivity and tone contribute to the deve-
lopment of nephropathy (14). Thus, administration of 1%
L-arginine-supplemented drinking water for 14 weeks to
rats with STZ diabetes ameliorated proteinuria and di-
minished the extent of glomerulosclerosis. Several dif-
ficulties hinder investigations into the role of NO in dia-
betic nephropathy. First, NO exerts, many biological
functions within a single organ system, including the
kidney, making it difficult to make a definitive statement
about the beneficial or deleterious effect of NO in a
specific condition (11). Secondly, all three NOS isoforms
are present in the kidney and play distinctive roles in the
regulation of glomerular and tubular function (15). Third,
agents that safely and selectively inhibit the activity of
one isoform are not available for long-term studies.
Therefore, at presents one feasible approach to assess
the role of one NOS isoform in the pathogenesis of
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Fig 1. Cytoplasmic clear cell change of the distal tubular

epithelium (H+E X40).

Fig 2. Glomeruler basal membrane thickening (H+E X100).

disease is to use strains of mice with targeted genetic
deletion of one form of the enzyme.

Acute inhibition of NOS with a low dose of the nonse-
lective NOS inhibitor (L-NAME) decreased GFR and
RPF significantly in diabetic animals back to normal
control values, whereas this dose did not affect renal
hemodynamics in control rats. This finding indicates that
glomerular hyperfiltration is markedly dependent on
increased NO generation and action at this early stage
of experimental diabetic nephropathy. These results
agree with previous reports, which postulated a sig-
nificant role of NO in diabetic hyperfiltration (16), even
though the involvement of specific NOS isoforms in this
process remains unclear.

Fig 3. Glomeruler hypertrophy, mesangial hypercellularity and
fibrinoid necrosis of glomeruler tuft (H+E X200).

Fig 4. Immunohistochemical staining for iINOS is positive in
glomerular mesangium of diabetic rats (INOS X200).

Since there is enhanced production of a variety of
cytokines including TNF-a and IFN-y in diabetes and
macrophages infiltrated into the glomeruli of rats in the
earliest stages of diabetes, it can be postulated that the
cytokine-induced iNOS pathway may play an important
role in glomeruler injury seen in diabetic kidneys. The
exact role of iINOS in mediating DM nephropathy has not
been fully elucidated, and the results of previous studies
have been inconsistent. Some authors have determined
an inhibition of induced NO production in cultered rat
MCs by certain proinflammatory stimuli (17). Others
were able to demonstrate an augmented LPS- or cyto-
kine-induced NO production in murine MCs (7). Noh and
et al. (18) reported that exposure of rat MCs to high
glucose led to modest, but significant increases in INOS
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mRNA, protein expression and NO production. Lee and
et al. (19) showed that LPS-stimulated iNOS expression
is increased in diabetic glomeruli at the levels of mMRNA
and protein. Sugimoto et al. (20) reported that the
expression of iINOS significantly increased in the rat
glomeruli at 52 weeks after the induction of diabetes.
They suggested the sequential pathway of advanced
glycation end-products-cytokine-iNOS in the develop-
ment of diabetic nephropathy.

Angiotensin Il leads to renal vasoconstriction, regulating
glomeruler perfusion, as well as filtration, and directly
influences the mesangial constrictive response. Angio-
tensin Il and NO have been postulated to interact
closely. Yates et al. have recently show that angiotensin
Il inhibited INOS production from cytokine stimulated
mesangial cells and this effect was associated with
increased transforming growth factor-B expression
showed by immunocytochemistry (21). Conflicting data
has been published regarding the effect of angiotensin Il
on iINOS expression in various experimental models.
Mehta et al. (22) reported that the manipulation of the
renin-angiotensin system, with antisense-oligodeoxy
nucleotides directed at ACE mRNA, inhibits the expression
of the iNOS in the myocardial ischemia model.

Clinically, the use of ACE inhibitors in diabetic
nephropathy patients is well established (8, 23, 24). The
effects of ACE inhibitors in diabetic nephropathy are due
not only to hemodynamics but also enhanced NO action
via suppressed bradykinin breakdown by ACE. Angio-
tensin Il stimulates superoxide production via enhan-
cement of NAD(P)H oxidase (25, 26), thus ACE inhibitor
may have an effects to reduce superoxide production.
Even though it has various beneficial effects, ACE
inhibitor alone is not enough to normalize the proteinuria
and to stop the progression of renal damage completely.

References

1. Veelken R, Hilgers KF, Hartner A, Haas A, et al. Nitric
oxide synthase isoforms and glomerular hyperfiltration in
early diabetic nephropathy. J Am Soc Nephrol 2000; 11:
71-79.

2. Ibrahim HN, Hostetter TH. Diabetic nephropathy. J Am Soc
Nephrol 1997; 8: 487-493.

3. Craven PA, DeRubertis FR, Melhem M. Nitric oxide in
diabetic nephropathy. Kidney Int 1997; 52: 46-53.

4. Ignarro LJ, Buga GM, Woods KS, et al. Endothelium
derived relaxing factor produced and realesed from artery

Tiirkiye Ekopatoloji Dergisi 2005; 11 (1): 1-7

Schwobel et al. (27) demonstrated that induced NO
production is negatively controlled by the angiotensin I
type 2 receptor, whereas AT1 stimulation enhanced NO
synthesis in MCs. Our data shows that the up-regulation
of INOS expression was ameliorated by ACE inhibitor or
AT1 blocker, suggesting angiotensin Il mediates the
enhancement of iINOS expression via AT1 in diabetic
glomerular injury.

Veelken et al. (1) found no functional or molecular
evidence for increased glomerular expression and
activity of iINOS in diabetes mellitus. In a recent study,
iNOS and ecNOS protein expression was reported to be
increased in kidneys of rats with STZ-induced diabetes
mellitus (28). These investigations, however, were limi-
ted to Western blot analyses of total renal cortex and no
data were provided on isolated glomeruli. Furthermore, it
is unclear whether the observed increases of INOS
protein expression was effected by nonsterile surgery in
anesthetized rats.

Our study showed the alteration of the iINOS pathway in
diabetic glomerulopathy and the contribution of
angiotensin Il in the changes of the INOS system. These
results may implicate the iINOS pathway as a potential
mediator of DM nephropathy. We confirmed that 6 wk of

STZ diabetes led to glomeruler basal membrane
thickening, glomerular hypertrophy and increased
albuminuria.

In conclusion, the present study results confirm that NO
plays an important role for the development of
glomerular hyperfiltration in early diabetic nephropathy of
rats. It has been shown that Captopril and Losartan has
identical potence at prevention of albuminuria. Also, it
has been shown that Captopril and Losartan have no
effect on increased creatinine clearence.

and vein is nitric oxide. Proc Natl Acad Sci. 1987; 84: 9265-
9269.

5. Narita I, Border WA, Ketteler M, Noble NA. Nitric oxide
mediates immunologic injury to kidney mesangium in
experimental glomerulonephritis. Lab Invest 1995; 72: 17-
24.

6. Sharma K, Danoff TM, DePiero A, Ziyadeh FN. Enhanced
expression of inducible nitric oxide synthase in murine
macrophages and glomerular mesangial cells by elevated
glucose levels: Possible mediation via protein kinase C.
Biochem Biophys Res Commun 1995; 207: 80-88.



Inducuble nitric oxide synthase (iNOS) expresion in early diabetic nephropathy

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Lewis EJ, Hunsicker LG, Bain RP, Rohde RD. The effect of
angiotensin converting enzyme inhibition on diabetic
nephropathy. N Engl J Med 1993; 329: 1456-1462.

Fischer JW, Tschope C, Reinecke A, Giachelli CM, et al.
Upregulation of osteopontin expression in renal cortex of
streptozocin induced diabetic rats is mediated by
bradykinin. Diabetes 1998; 47: 1512-1518.

Shin SJ, Lee YJ, Tan MS, Hsieh TJ, et al. Increased atrial
natriuretic peptide mRNA expression in the kidney of
diabetic rats. Kidney Int 1997; 51: 1100-1105.

Haynes WG, Hand MF, Dockrell ME, Eadington DW, et al.
Physiological role of nitric oxide in regulation of renal
function in humans. Am J Physiol 1997; 272: 364-F371.

Trachtman H, Futterweit S, Pine E, Mann J, et al. Chronic
diabetic nephropathy: role of inducible nitric oxide
synthase. Pediatr Nephrol 2002; 17: 20-29.

Komers R, Lindsley JN, Oyama TT, Allison KM, et al. Role
of neuronal nitric oxide synthase in the pathogenesis of
renal hemodynamic changes in diabetes. Am J Physiol
Renal Physiol 2000; 279: 573-583.

Bank NB, Aynedjian HS. Role of EDRF (nitric oxide) in
diabetic renal hyperfiltration. Kidney Int 1993; 43: 1306-1312.

Pieper GM. Review of alterations in endothelial nitric oxide
production in diabetes: protective role of arginine
suplementation. Hypertension 1998; 31: 1047-1060.

Kone BC, Baylis C. Biosynthesis and homeostatic roles of
nitric oxide in the normal kidney. Am J Physiol 1997; 272:
F561-F578.

Mattar AL, Fujihara CK, Ribeiro MO, de Nucci G, et al.
Renal effects of acute and chronic nitric oxide inhibition in
experimental diabetes. Nephron 1996; 74: 136-143.

Trachtman H, Futterweit S, Crimmins DL. High glucose
inhibits nitric oxide production in cultered rat mesangial
cells. J Am Soc Nephrol 1997; 8: 1276-1282.

Noh H, Ha H, Yu MR, Kang SW, et al. High glucose
increases inducible NO production in cultered rat mesangial
cells: Possible role in fibronectin production. Nephron 2002;
90: 78-85.

Lee HY, Noh H, Gang J, Xu ZG, et al. Inducible nitric oxide

synthase expression is increased in lipopolysaccharide-
stimulated diabetic rat glomeruli: effect of ACE inhibitor and
angiotensin |l receptor blocker. Yonsei Med J 2002; 43:
183-192.

Sugimoto H, Shikata K, Wada J, Horiuchi S, et al.
Advanced glycation end products-cytokine-nitric oxide
sequence pathway in the development of diabetic nephro-

21.

22.

23.

24.

25.

26.

27.

28.

Tiirkiye Ekopatoloji Dergisi 2005; 11 (1): 1-7

pathy: aminoguanidine ameliorates the overexpression of
tumor necrosis factor-a and inducible nitric oxide synthase
in diabetic rat glomeruli. Diabetologia 1999; 42: 878-886.

Yates M, Rendon A, Prabhakar SS. Inducible nitric oxide
synthesis in normal human mesangial cells by augmenting
cellular uptake of L-arginine. Neph Dial and Transplant
2003; 18: 49.

Mehta JL, Chen H, Li D, Phillips IM. Modulation of
myocardial SOD and iNOS during ischemia-reperfusion by
antisense directed at ACE mRNA. J Mol Cell Cardiol 2000;
32: 2259-2268.

Onozato ML, Tojo A, Goto A, Fujita T. Effects of
combination therapy with dipyridamole and quinapril in
diabetic nephropathy. Diab Res Clin Prac 2003; 59: 83-92.

Andersen S, Tarnow L, Rossing P, Hansen BV, et al.
Renoprotective effects of angiotensin Il receptor blockade
in type | diabetic patients with diabetic nephropathy. Kidney
Int 2000; 57: 601-606.

Zhang H, Schmeisser A, Garlichs CD, Plotze K, et al.
Angiotensin ll-induced superoxide anion generation in
human vascular endothelial cells: role of membrane-bound
NADH-/ NADPH oxidase. Cardiovasc Res 1999; 44: 215-222.

Guzik TJ, West NE, Black E, McDonald D, et al. Vascular
superoxide production by NAD(P)H oxidase: association
with endothelial dysfunction and clinical risk factors. Circ
Res 2000; 86: 85-90.

Schwobel J, Fischer T, Lanz B, Mohaupt M. Angiotensin I
receptor subtypes determine induced NO production in rat
glomerular mesangial cells. Am J Physiol Renal Physiol
2000; 279: F1092-F1100.

Choi KC, Lee SC, Kim SW, Kim NH, et al. Role of nitric
oxide in the pathogenesis of diabetic nephropathy in
streptozotocin-induced diabetic rats. Korean J Intern Med
1999; 14: 32-41.

Addres for correspondence

Kismet Bildirici, MD

Akarbagi Mah. Arisoy Sok. Ayseana Sitesi No:19 B Blok D:8
Eskisehir/ Turkey

Phone : +90 222 2268787

Fax

490 222 2307477

E-mail : kismetb@ogu.edu.tr

kismetbildirici@yahoo.com




