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Abstract

The aim of this study is to find out how activated inducible nitric oxide synthase (iNOS) and nitric oxide (NO)
affect kidney tissue in streptozotocin (STZ)-induced diabetic mice and whether its influence can be prevented by
aminoguanidine (AG), a specific iINOS inhibitor. Twenty-four male mice were divided into four study groups
(n=6) receiving a daily dose of 100 mg.kg™ AG for 90 days (Group AG), a single dose of 150 mg.kg™ STZ
(Group STZ), a single dose of 150 mg.kg™ STZ followed by daily administration of 100 mg.kg™ AG for 90 days
(Group STZ-AG), and intraperitoneally injections of saline only (Group Control) for 90 days. Dispersion of
NADPH-diaphorase (NADPH-d) was stronger in the kidney sections of STZ-treated animals compared with the
controls. STZ treatment caused disruption of continuity of the brush borders in proximal tubules, glomerular
endothelial damage, and considerable renin granules in the juxtaglomerular cells. AG administration following
STZ treatment partly prevented histological and cytological changes in kidney cortex, and renin dispersion was
similar to that in control animals. We found that increased inducible nitric oxide (iNO) caused kidney tissue
degeneration that could be prevented to some extent by AG treatment. There is a possible relationship between
increased iNOS and dispersion of renin granules in juxtaglomerular cells in diabetes.
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Diyabetik albino Balb/c farelerde aminoguanidinin
bobrek iizerindeki etkisi

Ozet

Bu ¢alismanin amaci, uyarilabilir nitrik oksit sentaz (iNOS) aktivasyonunun ve nitrik oksidin streptozotosin
(STZ) ile uyarilmis diyabetik farelerde bobrek dokusunu nasil etkiledigini ve etkisinin spesifik bir iNOS
inhibitorii olan aminoguanidin (AG) ile 6nlenip dnlenemedigini 6grenmektir. Yirmi dort erkek fare, 90 giin
boyunca giinliik 100 mg.kg® AG (AG Grubu), tek doz 150 mg.kg™ STZ (STZ Grubu), tek doz 150 mg.kg™
STZ’yi takiben 90 giin boyunca giinlik 100 mg.kg? AG (STZ-AG Grubu) ve sadece intraperitonal fizyolojik
tuzlu su (Kontrol Grubu) alan dort gruba ayrilnugtir. NADPH-diaforez (NADPH-d) dagilimi, STZ uygulanmig
hayvanlarin bobrek kesitlerinde kontrolle karsilastirildiginda daha fazlaydi. STZ uygulamasi proksimal
tiibiillerde firca kenarlarin devamliliginin bozulmasina, glomerulus endotelinde hasara ve jukstaglomerular
hiicrelerde renin graniillerinin daha fazla olmasina yol agmistir. STZ uygulamasini takiben verilen AG, bobrek
korteksindeki histolojik ve sitolojik degisiklikleri kismen onlemistir ve renin dagilimi kontrol hayvanlardakine
benzer sekilde olmustur. Uyarilabilir nitrik oksit (iNO) artisiyla bobrekte meydana gelen bozulmanin AG
uygulamasiyla kismen 6nlenebildigi bulunmustur. Diyabette, artan iNOS ile jukstaglomerular hiicrelerde renin
graniilleri dagilimi arasinda olas1 bir iliski vardir.
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Introduction

Since 1987, nitric oxide (NO) was found to
be synthesized in many cells, where it acts as a
multifunctional messenger molecule (Bogdan et
al. 2000). It is a lipophilic, low molecular
weight, fast diffusing gas with a half-life of a
few seconds (Ignarro 1991). Having a single
unpaired electron, it acts as a free radical,
reacting with many substrates including nucleic
acids, proteins, low molecular weight thiols and
reactive O,-messengers (Bogdan 2001; Smutzer
2001).

The signal transmission mechanism of NO
occurs by linking to iron-containing proteins.
Under normal conditions, small amounts of NO
are synthesized and released in cells, but if
produced in larger amounts, the excess has a
negative effect (Schmidt et al. 1993;
Thiemermann 1997; Lane and Gross 1999;
Bogdan 2001). Thus, NO plays a major role in
many pathophysiological changes occurring in
diseases such as diabetes, septic shock,
hypertension, and atherosclerosis (Marin and
Rodrigues-Martinez  1997; Maxwell et al.
1998).

Three isoforms of nitric oxide synthase
(NOS) are produced in normal rat kidney. The
endothelial NO synthase (eNOS) has been
found in kidney arteries, glomerulus and
afferent- and efferent arterioles, proximal
tubules and collecting ducts (Bachmann et al.
1995; Tojo et al. 1997). Neuronal NO synthase
(nNOS) immunoreactivity has been determined
in macula densa and in cortical collecting ducts
(Terada et al. 1992; Wilcox and Welch 1998)
and inducible NO synthase (iNOS) is normally
present in the kidney tubules, and in the thicker
side of Henle’s loop (Furusu et al. 1998).

Under normal conditions NO produced in
the kidney controls the glomerular filtration rate
(GFR), blood flow, sodium (Na®) cation
transport, and production of enzymes such as
renin. NO also plays role in tonus of the
glomerular mesangial cells, inhibiting platelet
accumulation and adhesion, and preventing
excessive venous stenosis, discharging of Na*

and water (Forstermann et al. 1994; Raij and
Baylis 1995).

Renin-producing juxtaglomerular (JG) cells
are affected by factors from cells in their
vicinity capable of producing NO: smooth
muscle cells in the afferent arterioles,
endothelial cells, intraglomerular mesangial
cells, and macula densa cells (Bachmann et al.
1995). As a result, various experiments were
carried out to determine if NO had some
influence on renin synthesis and release
(Wagner et al. 1998; Kurtz 2011). To this date,
this relationship has not been clearly
established.

NO is involved in changes of the kidney
tissue caused by diabetes, but the role of
increased NO production is not completely
understood. Studies of Tanaka et al. (1995)
point out that NO production may, at least in
part, be responsible for the STZ-induced
damage of pancreatic beta-cells of the rodents.
In early studies on experimental diabetes,
increased NO was found to induce
hyperfiltration. At the same time it was
established that NO played a major role in the
increase of renal blood flow and GFR, and that
the levels of nitrite/nitrate, which are NO
indicators, are higher in the plasma and urinary
fluids of diabetic rats in comparison to healthy
controls (De Vriese et al. 2001). The eNOS
expression in  pre-glomerular veins and
glomerular endothelial cells is increased in
diabetic rats, as are NO, iNOS and messenger
ribonucleic acid (mRNA) produced by
macrophages (Stevens et al. 1997; De Vriese et
al. 2001).

Vein hypertrophy and albumin elevation
were decreased in diabetic rats after
administration of aminoguanidine (AG), a
specific iNOS inhibitor. Other complications in
kidneys and peripheral nerves were also
improved by administration of AG (Ellis and
Good 1991; Soulis et al. 1999; Yavuz et al.
2001; Azal et al. 2002; Atasayar et al. 2009).
AG is an inhibitor of advanced glycation end
products (AGE) (Rao et al. 2002). It prevents
protein cross-linking and is employed as
protective agent used in cases of diabetes,
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atherosclerosis, renal diseases, and for
improving aging factors (Soulis et al. 1997;
Brown 1999; Heidland et al. 2001).

In the light of this knowledge we decided to
study the histochemistry of NOS dispersion in
the kidneys of STZ-induced diabetic rats aiming
to define how increased production of NO
affects renal tissue, and to establish if there is
any relationship between this effect and iINOS
in the presence and in the absence of
aminoguanidine, a specific iNOS inhibitor. At
the same time, we desired to establish if AG
prevents diabetes mellitus, and if increased
levels of NO had any influence on renin-
secreting JG cells.

Material and methods
Experimental animals

All experiments were performed at the
Istanbul University Experimental Medicine
Research Institute following the
recommendations of the Experimental Animal
Care and Use Commitee. Twenty-four albino
balb/c male mice, 2-3 months old and weighing
between 25 to 30 g, were selected for the study.
They were kept in plastic cages and fed a
commercial pellet feed and allowed to drink
water ad libitum. The animals were divided into
four groups, and received the following
treatments for 90 days:

1. Group AG (n=6) Received a daily
intraperitoneal (i.p.) dose of 100 mg.kg™
AG for 90 days.

2. Group STZ (n=6) Received a single i.p.
dose of 150 mg.kg™ STZ at the beginning
of the study.

3. Group STZ-AG (n=6) Received a single
i.p. dose of 150 mg.kg? STZ at the
beginning of the study followed by daily
administration (i.p) of 100 mg.kg* AG
for 90 days.

4. Group Control (n=6) Received i.p.
injections of saline instead of the
treatment solutions.

The blood glucose levels were measured
before and one week after administration of
STZ. Mice having blood glucose levels >180
mg.dI™ were accepted as diabetics. At the end
of 90 days the animals were anesthetized with
chloroform, the kidneys were removed and
kidney sections were placed in 10% formalin
for light microscopy, 4% paraformaldehyde for
histochemical observa-tions and 2%
glutaraldehyde for electron microscopy.

Light microscopy

The kidney sections were dehydrated in
ethanol and embedded in paraffin. Sections, 4-5
um thick, were stained with hematoxylin-eosin
(HE), periodic acid-Schiff (PAS) and with the
Bowie technique (Pitcock and Hartroft 1958).

PAS-reaction intensity in brush border of
proximal tubules was examined light
microscopically from 5 different cortical areas
in all groups. Additionally, 5 different afferent
arterioles of kidney cortex of each animal were
evaluated for distribution pattern of renin
granules. A semi-quantitative score of PAS
staining intensity and distribution of renin
granules were graded using a scoring system
[0=none; + (less) = 0-25%; ++ (moderate) = 25-
50%; +++ (strong) = >50%]. The scoring
system was modified according to the method
of Fuijii et al. (2006).

Nicotinamide adenine dinucleotide phosphate-
diaphorase (NADPH-d) histochemistry

The kidney tissues were fixed with 4%
paraformaldehyde in 0.1 M pH 7.4-phosphate
buffer for 2 hours, and then cryoprotected
overnight in 20% sucrose in the same buffer at
4 °C. The next day, 8 um thick sections were
obtained and mounted on slides. The sections
were incubated with 1 mM B-NADPH (Sigma),
0.5 mM nitroblue tetrazolium (NBT, also from
Sigma) and 2% Triton X-100 in 50 mM pH 8.0
Tris-HCI at 37 °C for 45 min and then rinsed
with 0.1 M phosphate buffer and distilled water.
Finally, they were mounted in glycergel. The
catalytic activity of NOS was demonstrated by
enzymatic reduction of NBT in the presence of
NADPH by the NADPH-diaphorase reaction
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(Hope et al. 1991). NOS dispersion was
evaluated with the same scoring system as PAS
staining.

Electron microscopy

Kidney sections were fixed in 2%
glutaraldehyde prepared with pH 7.4 Sorensen
phosphate buffer overnight at 4°C and 1%
osmium (VIII) oxide for one hour. After
washing in phosphate buffer for two hours the
samples were dehydrated with alcohol series
and propylene oxide. Embedded in Epon 812,
sections of 30-50 nm thickness were stained
with 5% uranyl acetate (Watson 1958) and lead
citrate (Reynolds 1963) and then examined on a
Zeiss EM 9S2 electron microscope.

Statistical Analysis

Table 1. The initial and final glucose levels of all groups.

The blood glucose results were expressed as
mean + SE. The statistical significance was
established by one-way analysis of variance
(ANOVA) followed by Tukey’s multiple
comparison tests using GraphPad Prism
(GraphPad Prism Version 5 Software Program,
San Diego, CA). A p value P < 0.05 was
considered statistically significant.

Results

Initial blood glucose levels of all groups
were in the range of 100+10 mg.dl™ to 104+4
mg.dl™. Blood glucose levels of STZ injected
animals increased during first week. STZ and
STZ+AG groups showed increased values
between 300+25 mg.dl™ and 312+26 mg.dl™ at
the end of 90 days (Table 1).

Initial blood glucose levels

Final blood glucose levels

Groups (before STZ application) (mg/dl) (90 days after STZ application) (mg/dl)
Control (n=6) 101 +6 100+ 6
STZ (n=6) 100+ 10 300 + 25%**
STZ+AG (n=6) 102+ 7 312 £ 26%**
AG (n=6) 104 + 4 103 +3

**%:p <0.001 vs the control group and AG group.

Light microscopy

The appearance of kidney tissue from the
healthy controls was shown in Fig. 1A.
However, the kidneys from the STZ-treated
mice showed severe changes, Fig. 1B. The
proximal tubule brush border lost its continuity,
the glomeruli were damaged, especially
glomerular endothelial damage was marked,
and numerous erythrocytes were present in the
peritubular area and capsular area. The mice in
the STZ-AG group showed a tighter brush
border, but some areas of their kidneys were
equally damaged as in the STZ group, Fig. 1C.
In the AG group a healthy brush border was
seen in the proximal tubule. The glomeruli were
similar to controls. Capsular areas were
narrower than those of the STZ group and there
were no signs of hemorrhagic areas, Fig. 1D.

The mice in the STZ group showed severe
vessel damages, compared to all other groups.
The parietal layer of Bowman’s capsule was
also damaged and many erythrocytes were seen
in the peritubular area and capsular area, Figs.
2A and 2B.

Damage of the brush borders and basal
membrane were also detected by the periodic
acid-Schiff (PAS) reaction. STZ treatment
caused disruption of continuity of the brush
borders in proximal tubules, Fig. 3B. In the
STZ-AG group the intensity of PAS was close
to controls, Figs. 3C and 3A. Application of AG
alone resulted in increased PAS in the brush
borders and basal membrane, which were
thicker when compared with all other groups,
Fig. 3D. Intensity of PAS reaction in brush
borders were shown in Table 2.
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Figure 1A-D. Histological sections from cortex of kidney tissue of the experimental groups. A) Control group, B)
STZ-group, C) STZ-AG-group, D) AG-group; glomerulus (GL), proximal tubules (PT), distal tubules
(DT), intact brush border (1), damaged brush border (T1), tubular lumen (L), peritubular area (Pa),
erythrocyte (e). HE, scale bar: 10 um.

(GL), irregular capillaries (A), capsular area (Ca), damaged parietal (1) layer of
Bowman’s capsule, erythrocytes (e) in Bowman’s capsule. HE, scale bar: 2 um. B)
Proximal tubules (PT), damaged brush border (1), peritubular area (Pa). HE, scale bar: 5
pm.
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Figure 3A-D. Histological sections from cortex of kidney tissue of the experimental groups. A) PAS reaction in
brush borders (1) of proximal tubules (PT), and basal membranes (11) in the cortex of kidney of
control group animals. B) Proximal tubules (PT) with damaged brush borders (1) which lost their
continuity and indicated less PAS reaction in comparison with controls, and damaged basal
membranes (11) in the cortex of kidney of STZ-group animals. C) Proximal tubule (PT) brush
borders (1) which indicated PAS reaction similar to controls, irregular brush borders (A ) similar to
those in STZ-group, and basal membranes (11) in the cortex of kidney of STZ-AG-group animals.
D) Proximal tubule (PT) brush borders (1) which indicated stronger PAS reaction when compared
to controls, and basal membranes (11) in the cortex of kidney of AG-group animals. PAS, scale
bar: 2 um.

Table 2. Intensity of periodic acid-Schiff (PAS) reaction in brush border of proximal tubules.

Control STZ STZ-AG AG
Intensity of PAS reaction in brush border ++ + ++ +++

[0=none; + (less)= 0-25%; ++ (moderate)= 25-50%; +++ (strong)= >50%]

As to distribution of NOS in the cortex Figs. 4C and 4D; Table 3. There was no NOS

which  was examined by NADPH-d immunoreactivity in the glomeruli of all groups.
histochemistry, STZ mice showed stronger The distribution of renin granules in the JG
NOS immunoreactivity in the proximal tubule cells also showed differences between the
than controls, Figs. 4B and 4A. The macula experimental groups. Granules in the STZ
densa  indicated also  stronger  NOS group were denser and numerous, in
immunoreactivity, comparing with all other comparison with all other groups except the AG
groups, Fig. 4B. STZ-AG group displayed group, Figs. 5B and 5D. The controls and the
features similar to controls, with stronger STZ-AG animals showed almost the same

immunoreactivity than that in the AG group, distribution, Figs. 5A and 5C; Table 4.
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Figure 4A-D. NADPH-d reaction in the cortex of kidney sections of experimental groups. A) Control
group, B) STZ-group, C) STZ-AG-group, D) AG-group; glomerulus (GL), cortical tubules
(A), NADPH-d reaction in macula densa (7). Scale bar: 5 um.

Figure 5A-D. Histological sections in JG cells of kidney tissue of the experimental groups. A) Control group, B)
STZ-group, C) STZ-AG-group, D) AG-group; glomerulus (GL), renin granules (1), JG cells (JG).
Bowie technique, scale bar: 10 pum.
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Table 3. Nicotinamide adenine dinucleotide phosphate-diaphorase (NADPH-d)

reaction of cortical tubules.

Control STZ

STZ-AG AG

NADPH-d reaction of cortical tubules

++ +++ ++ +

[0= none; + (less)= 0-25%; ++ (moderate)= 25-50%; +++ (strong)= >50%]

Table 4. Distribution of renin granules in juxtaglomerular cells

Control

STZ STZ-AG AG

Distribution of renin granules

++ + ++

[0= none; + (less)= 0-25%; ++ (moderate)= 25-50%; +++ (strong)= >50%]

Electron microscopy

Intact glomeruli with normal capillary
endothelial cells and podocytes were observed
in controls, Fig. 6A. Proximal tubule had also
unaffected membranes and organelles, Fig. 7A.
However, enlarged Ilumen and damaged
endothelial cells in the glomeruli were seen in
the STZ diabetic mice, Fig. 6B. Moreover,
glomerular basement membrane thickening,
podocytes and fenestration changing were
marked, so that podocytes showed foot process
effacement as seen in Fig. 6B. There were
differences in the mitochondrial distribution of
proximal tubule between controls and diabetics.
Many autophagic vacuoles were seen along
with enlargement of the peritubular areas (Fig.
7B). Many blood cells were present in this area
of the diabetic cortex. Damage was partly

prevented by AG in the diabetic mice. The
capillary lumens were narrower than those of
the STZ group. Podocytes were similar to
controls. Damage to endothelial cells was not as
severe as in the STZ group, Fig. 6C. The
microvilli of the proximal tubules were similar
to controls. Enlarged granular endoplasmic
reticulum (GER) was seen both in STZ and
STZ-AG groups, Fig. 7C. In the proximal
tubules of the STZ-AG group GER, polisomes
and mitochondria were increased when
compared to STZ mice. Application of AG did
not completely prevent endothelial damage.
There were still blood cells in the peritubular
area. Basal lamina was thick in the AG, a
finding which was not observed in other groups,
Fig. 6D. All other ultrastructural features were
the same as the controls, Fig. 7D.
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Electron microscopic sections from glomerulus of kidney tissue of the experimental groups. A)
Control group, B) STZ-group, C) STZ-AG-group, D) AG-group; glomerular endothelium (),
glomerular lumen (GcL), erythrocytes (e), podocytes (Po), podocyte foots processes (PA), fenestra
(M), mesangial cell nucleus (A), basal lamina (1). Glomerular basement membrane thickening (*),
damaged endothelial cells (A), and changes in fenestration («) were marked in STZ-group. Scale bar:
1 pm.

Electron microscopic sections from proximal tubules of kidney tissue of the experimental groups. A)
Control group B) STZ-group, C) STZ-AG-group, D) AG-group; nucleus (n), mitochondrium (m),
lysosome (L), microvillus (mv), autophagic vacuole (AA), granular endoplasmic reticulum (g),
peroxisome (A), basal lamina (1), polisome (1), basal foldings (bk—), peritubular area (Pa). Scale
bar: 1 um.
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Discussion

It is known that after STZ administration to
rats and mice, there is an increase in nitrite and
nitrate, the end products of NO metabolism
(Sugimoto et al. 1999). Administration of STZ
also causes leukocyte accumulation, endothelial
adhesions in the venules, capillary obstruction,
degeneration of the endothelial layer, and
migration of the leukocytes to the intercellular
area and, related to all these changes,
hemorrhage (Mauer et al. 1984).

In diabetes induced by a single high dose of
STZ in mice, cytokines stimulate macrophage
formation and increments of iINO synthesis
(Stevens et al. 1997). It also results in irregular
shape of glomeruli, overextension, and
obstruction of the capillaries and veins, and in
leukocyte and erythrocyte accumulation. As a
result, the blood pressure increases and
endothelial NO (eNO) then softens the
arterioles” smooth muscles through cyclic
guanosine monophosphate (cGMP) (Ignarro,
1996). This physiologically affects the
glomerular filtration rate and material transfer
into Bowman’s space (Veelken et al. 2000).

Electron microscopy of the kidney tissues of
diabetic mice showed degeneration of the basal
laminae and foldings of the proximal tubule,
just as seen in the PAS stained sections. The
basal foldings were expanded and mitochondria
were damaged. Enlarged basal foldings prove
that the ion transport between cells and
peritubular  areas is  highly  affected.
Degeneration of mitochondria results in
reduced ATP synthesis, necessary for cellular
energy. The endothelial layer and basal laminae
were also damaged, and lost their durability,
their capillary lumens were excessively
enlarged, and podocyte foot processes were
irregular. The degeneration seen in the edge of
the proximal tubular brush borders and basal
foldings implies that the tubules lost their
resorptive  functions. The increment in
autophagic vacualization and presence of
lysosomes in the proximal tubule cells show
that those cells and tubules were degenerated.

The PAS reactions in the STZ-AG group
indicate basal laminas and brush borders that

were similar to controls, implying that
guenching of iINO synthesis partially prevents
the physiological and pathological
consequences of STZ and points to the
significance of iINO production in diabetes. In
the electron micrographs of this group,
increased polyribosomes and GER vesicles in
the proximal tubule cells indicate that the
protein synthesis elevated within those cells.
Electron microscopy examination of the kidney
cortex reveals that the microvilli and basal
foldings are similar to the controls, again
suggesting that AG partially prevents the
cellular damage caused by STZ and iNO. The
extensive appearance of the mitochondria
similar to that in the diabetic group may be
related to the fact that the cell tries to ensure
necessary ATP energy supply to prevent the
damage.

Within the AG group, the proximal tubule
brush borders are more defined and regular,
similar to those in the controls, suggesting that
AG prevents NO synthesis in these tubules by
increasing the synthesis of some cell surface
membranes. The mice of AG group possess
regular glomerular and capillary structures and
low leukocyte levels in the peritubular area,
indicating that long-term AG does not have any
toxic effect on kidney tissue. To date, there are
no studies showing that a single AG application
has any cellular effect. There are, however,
studies in which AG may be used against
diabetes and as an anti-aging antioxidant agent
(Rao et al. 2002; Azal et al. 2002; Atasayar et
al. 2009). For this reason, the cellular effect of
the long term AG application remains under
question.

When NOS dispersion is examined,
NADPH-d reaction was stronger in the STZ
group, showing that there was an increase in
NO. Conversely, in the STZ-AG group the
reaction is decreased in proximal tubules,
confirming that elevated NO plays an important
role in cellular changes in diabetes. The
occurrence of NADPH-d reaction in the
controls shows the presence of NOS in normal
kidney tissue. In the AG group, reaction after
iNOS inhibition suggests that not only iNOS
but other NOS enzymes are found under normal
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conditions and that all contribute to this
reaction as cofactors.

The renin-angiotensin system plays a major
role for normal function of kidneys. Electron
microscopy demonstrates that STZ and iNO are
highly effective in inducing changes in kidneys.
The glomerular filtration rate is controlled by
changes in the diameter of afferent and efferent
arterioles. In pathological situations, however,
the blood pressure changes because of an
increase in NO, thus affecting kidney cell
functions (Wagner et al. 1998; Birrell et al.
2002). In this regard, the production of renin by
JG cells needs to be controlled. Any decrease in
blood pressure triggers the synthesis and release
of renin (Wagner et al. 1998; Bucher et al.
2001). Stimulation of muscle and mesangial
cells results in additional renin synthesis in
order to maintain a normal glomerulus pressure
(Skett and Jensen 2000).

The fact that, compared to controls, the
number of renin granules in JG cells on the
afferent arteriole walls is greater in the STZ but
not in the STZ-AG group suggests stimulation
of these cells. It is interesting to note that long
term AG application increases renin granules,
implying that NO has a definite role in renin
synthesis and secretion.

In the sections where NADPH-d reaction
was used to determine whether there is a
connection between NO synthesized in macula
densa cells and JG cells, NOS dispersion in
macula densa cells was more significant in the
STZ group in contrast to controls and other
groups, leading us to think that NO production
was intensified within the macula densa cells,
thus stimulating the elevation of renin in JG
cells.

In conclusion, we have demonstrated that
NOS isoforms and iNOS are increased in
diabetes, causing significant damage to the
kidney cortex. Application of AG as iNOS
inhibitor may partially prevent this damage. In
addition, renin granules within JG increased,
returning to normal as soon as iNOS production
is quenched.
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