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ABSTRACT

Impaired renal sodium excretion has been observed in fat induced obesity and was
claimed to be multifactorial. Interestingly the subsequently developed hypertension
can respond to one drug treatment, the angiotensin-converting enzyme inhibitor
(ACE-I), suggesting a relationship between different causes of such impaired renal
sodium excretion. This study aimed to elucidate such relationship and included six
groups; group 1: rats fed the standard chow, group 2: moderately high fat diet
(MHFD) fed rats, group 3: high salt fed (HSD) rats (4% Nacl for 1 week), group 4.
MHFD+HSD, group 5: HSD+ACE-I and group 6: MHFD+HSD+ACE-I. It was
found that 10 weeks of MHFD significantly increased the obesity index in groups 2, 4
and 6 compared to groups 1, 3 and 5 respectively and the systolic blood pressure in
response to HSD in group 4 compared to group 3. Moreover MHFD led to significant
albuminuria with significant reduction in urinary sodium excretion. Also MHFD
increased significantly the renal malondialdehyde level (MDA) as an index of
oxidative stress and angiotensinogen (AG) gene expression with significant decrease
in urinary nitrites excretion and renal neuronal nitric oxide synthase (nNOS)
expression in group 2 compared to group 1 and in group 4 compared to group 3.
While HSD for one week did not have an impact on these previous parameters as
evident by their non-significant differences between groups 3 and 1 and between
groups 4 and 2. However, ACE inhibition in group 6 decreased significantly its urine
albumin content, renal AG and MDA and significantly increased its urinary Na and
nitrites excretion as well as its renal nNOS compared to group 4. Also ACE-I
improved renal AG and nNOS in group 6 to be insignificantly different from those of
group 5. These previous results suggest that a link coexist between renal
angiotensinogen upregulation and renal oxidative stress mediated decrease in NO
availability. In conclusion the MHF fed rats exhibited salt sensitivity accompanied by
upregulation of renal angiotensinogen expression, increased oxidative stress and
decreased nNOS expression, all of which could contribute to salt retention and
hypertension.
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INTRODUCTION

Obesity is one of the health
conditions which is associated with
several central and  peripheral
abnormalities that can explain the
development or maintenance of high
arterial blood pressure. Dramatic
advances in understanding the
mechanisms of  obesity-related
hypertension have been accomplished
in recent years. Animal experiments
and human studies revealed that the
kidney is a key organ of the
cardiovascular homeostasis and a
high-fat diet consistently results in
enhanced sodium reabsorption by the
kidneys and ultimately increased risk
of elevated blood pressure especially
in salt sensitive individuals" °.
Interestingly, weight loss in the same
individual promotes urinary sodium
excretion, demonstrating a direct link
between body mass index and sodium
retention®, Conceptually, salt
sensitivity is defined as an increase in
blood pressure in response to
increased sodium ingestion and/or a
decrease in blood pressure when
sodium intake is reduced, with the
degree of change exceeding that
attributed to directionally appropriate
random blood pressure variation. Salt
sensitivity results from alterations in
kidney function that requires higher
arterial pressure to maintain "steady-
state" homeostasis”.

High fat intake-induced obesity is
associated with several alterations in
renal structure, reduced activity of
arachidonic acid pathways in renal
tubular sitesS, increased  renal
sympathetic nervous system activity®,
activation of the rennin-angiotensin
system (RAS)’ as well as a

hyperinsulinemia® ;all of which may
contribute to sodium reabsorption and
associated fluid retention and may
therefore contribute to renal obesity
hypertension®

Moreover high fat-diet causing
insulin resistance may also induce salt
sensitivity'" as well as a functional
NO deficiency®. The decrease in the
production of nitric oxide (NO)
leading to elevation of blood pressure
is not only linked to endothelial
dysfunction’®, but it was also
demonstrated that the inhibition of its
synthesis by the administration of
NG-nitro-L-arginine methyl ester (L-
NAME), produces a  marked
vasoconstriction®®, sodium retention,
and thereby a sustained increase in
mean arterial blood pressure™ . In
fact, the tubuloglomerular feedback-
mediated afferent arteriolar
vasoconstrictive response to luminal
sodium concentration is attenuated by
NO derived from neuronal nitric oxide
synthase (nNOS) in the macula densa.
Moreover, pharmacological inhibition
of nNOS has been reported to confer
salt sensitivity in experimental
animals’® and to augment the
tubuloglomerular feedback response®”’.
Also a relationship between a
decrease in NO and oxidative stress
(OXST) was identified by Beckman et
al®® who reported that NO could
combine with superoxide with a high
degree  of affinity to form
peroxynitrite with potent oxidative
properties. Furthermore, the
administration of large doses of ANG
II to rats induced an increase in both
blood pressure and the formation of
superoxide from isolated aortic strips.

It was reported also, that in the
normotensive animal, dietary sodium

404



Bull. Egypt. Soc. Physiol. Sci. 27 (1) 2007

Shaker et al.

loading results in increased NO
production and decrease of RAS
activity, which facilitates natriuresis
and preserves blood  pressure
homeostasis’®?® On the other hand,
study on frank obese zucker rats,
showed an inappropriately small
natriuretic response to a saline load at
mean arterial or intraglomerular
pressure and was referred to as
impaired pressure natriuresis®"

All these findings raise an
important question whether similar
renal changes can occur in a model of
moderately high fat feeding and
whether there is an existing
relationship between renal angiotensin
II, OXST, and NO in the regulation of
renal sodium excretion and ultimately
blood pressure in such model.

Therefore, the present study
aimed to investigate: 1) Alteration in
renal angiotensinogen and nNOS gene
expressions and ultimately of sodium
excretion and blood pressure in a
model of moderately high fat-fed rats
compared to control rats following
high salt intake. 2) The possibility that
oxidative stress generated by renal
interstitial angiotensin II is related to
the fall in its nNOS and that blockage
of the actions of angiotensin-
converting enzyme (ACE), through
the use of a specific inhibitor, can
partly attenuate the production of
oxidative  stress  radicals  and
subsequently can increase the
synthesis of nNOS in these rat
models.

MATERIAL & METHODS

60 Male rats, weighing 150-180
g, were housed individually in a cage
in a temperature- (22-24 °C) and light-

controlled room on an alternating
12:12 h light-dark cycle. All animals
had free access to food and water.?
Half of these animals received
standard chow: containing 6.5 % Kcal
fat and the other half received
moderately high fat diet (MHFD):
containing 32% Kcal as fat for 10
weeks. At the beginning of the 10"
week, animals were divided into the
following groups (n=10/ group):
Group 1: Control group: receiving
standard chow and 0.4%Nacl.
Group 2: MHFD group: receiving the
MHFD and 0.4% Nacl®.
Group 3: High Salt fed (HSF) group:
receiving the standard chow, with
concomitant addition of 4% Nacl
during the last week®,
Group 4: Salt supplemented MHFD:
receiving the MHFD concomitant
with 4% Nacl during the last week?.
Group 5: Salt and ACE- inhibitor
supplemented (ACE-I) group:
receiving the standard chow with the
addition of 4% Nacl and ACE
inhibitor Captopril in a dose of 25
mg/Kg/day during the last week®".
Group 6: Salt and ACE-inhibitor
supplemented MHFD fed group:
receiving the MHFD with the addition
of 4% Nacl and ACE-I Captopril in a
dose of 25 mg/Kg/day during the last
week.
Calculation of the obesity index.
Body weights and body lengths (naso-
anal) were measured initially and then
weekly for calculation of the obesity
index, which is equivalent to the body
mass index in humans. It was
calculated by dividing the body
weight in grams by the square of the
naso-anal length in centimeters?.
Blood pressure measurement. The
systolic blood pressure was measured
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under conscious conditions at the
beginning of the experiment and at its
end (after 10 weeks), to monitor any
diet-induced changes in  blood
pressure. Before measuring the
systolic blood pressure, the body
temperature of the rats had to be
adjusted to 37°C using an incubator
for 10 minutes. The body temperature
was verified by colonic temperature
measurement. The systolic blood
pressure was assessed with the tail-
cuff method wusing the electro-
sphygmomanometer. The average of 3
pressure readings was recorded for
each measurement while the animals
were quietly resting®.

Urine collection:

24-h urine samples under fasting
conditions were collected before the
end of the experiment by placing
animals in metabolic cages. Urinary
albumin concentration was
determined by TCA turbidimetric
immunoassay kit (Mitsubishi
Chemical, Tokyo, Japan).

Sodium concentrations in urine
were measured using ion-selective
electrode system (EL-ISE Electrolyte
System, Beckman Instruments, Brea,
CA).

The end products of NO, nitrites, and
nitrates (NO,” and NO;") were
estimated in 24 hour urine samples by
reducing NO;~ to NO, using nitrate
reductase (Roche) and H_adenine
nicotinamide (|3—NADPH, Sigma),
followed by nitrites quantification
with the Griess reagent, as previously
reported % using  nitrate/nitrite
colorimetric  assay  kit;  Alexis
Biomedicals, San Diego, CA.

Blood samples: Retro-orbital fasting
blood samples were taken at the end
of 10 weeks and serum was separated

for assessment of renal function by
measuring serum urea and creatinine
with an autoanalyzer (Technicon RA-
1000, Bayer, Tarrytown, NY).

Sodium concentrations in serum were
also measured using ion-selective
electrode system (EL-ISE Electrolyte
System, Beckman Instruments, Brea,
CA).

Renal tissue samples:

Animals were then decapitated
and kidneys were excised and each
one was divided into two portions:
one part was stored in RNA extraction
solution for RNA extraction followed
by RT-PCR for Angiotensinogen and
nNOS gene expressions. The other
part was homogenized in PBS then
the supernatant was used for detection
of malondialdehyde (MDA).

RT-PCR method for detection of

Angiotensinogen and nNOS gene
expressions:
RNA isolation: Total RNA was
isolated from kidney tissues of each
group using RNA extraction kit
(Qiagen, Hilden, Germany). The
integrity of isolated total RNA was
examined by 1% agarose gel
electrophoresis, and RNA
concentration was determined by UV
light absorbance at 260 nm (Beckman
DU640, Brea, CA).

RT-PCR: Relative level of nNOS
and Angiotensinogen mRNA
expression was assessed in renal
tissues by semi quantitative RT-PCR.
Briefly, all primer sequences were
custom obtained from GIBCO BRL
(Gaithersburg, MD).Sense nNOS

primer was 5'-
GAACCCCCAAGACCATCC-3" and
antisense was 3'-

GGCTTTGCTCCCACAGTT-5',
which amplified a fragment of 308 bp
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% Sense angiotensinogen primer for
rat was 5'-GCT TCT CCC AGC TGA
CTG GG-3', and the downstream
primer was 5'-GGT TGG TGT CAC
CCA TCT TGC C-3'and the expected
RT-PCR product was 404 bp *’. RT
was carried out using 2.5 pg of total
RNA from renal tissues. Before RT
reaction, total RNA was heated at
65°C for 10 min. RT was performed
at 37°C for 60 min in a total volume
of 20 pl using 200 U of the Moloney
murine  leukemia virus reverse
transcriptase (GIBCO BRL), 100
pmol of random hexamers (GIBCO
BRL), 0.5 mM of each dNTP (Sigma,
St. Louis, MO), and Ix RT buffer
(75mM KCl, 50 mM Tris-HCI, 3mM
MgCl,, 10 mM DTT, pH 8.3).
Samples were heated at 95°C for 5
min to inactivate the reverse
transcriptase and diluted to 40 pl with
PCR grade water. Ten pl of RT
individual samples of each group was
used for nNOS or Angiotensinogen
amplification in 20-pl final volume
reactions containing 1x PCR buffer
(10 mM Tris HCI, 1.5 mM MgCl,, 50
mM KCI, pH 8.3), 0.1 mM of each
dNTP, 10 uM of each primer, and one
unit of Taq DNA polymerase
(GIBCO, BRL). PCR cycles were
performed in a DNA thermal cycler,
with the following profile:
denaturation 1 min at 94°C; annealing
1 min at 55°C for nNOS, 58°C for
angiotensinogen primers; and 1 min
extension step at 72°C. Last cycle was
followed by a final extension step of 5
min at 72°C. Control gene was co-
amplified simultaneously in each
reaction. Bands were ethidium
bromide stained and visualized under
UV light.

Measurement of renal
malondialdehyde = (MDA) level:
Tissues were homogenized in 10 mM
PBS (pH 7.4) and centrifuged for 30
min at 4°C. Protein concentrations
were measured using a Pierce Kkit.
Then the supernatants were tested for
the Lipid peroxide content by
measuring spectrophotometrically the
amount of malondialdehyde®®,
Statistical Analysis:

The results were analyzed using
SPSS computer software package,
version 10.0 (Chicago-IL, USA) .
Data were presented as mean + S.D.
Differences among the parameters of
the different groups were compared
by one-way ANOVA. The results

were considered statistically
significant at P<0.05.
RESULTS

Table 1 reveals that the obesity
index was significantly increased in
group 2 compared to group 1, in
group 4 compared to group 3 and in
group 6 compared to group 5
following 10 weeks of MHFD intake.

When the obesity index was
compared between rats fed standard
chow, it significantly decreased in
group 3 compared to group 1 and in
group 5 compared to groups 1 and 3.

Similarly when the obesity index
was compared between the different
MHEFD fed rats groups (2, 4 and 6),
there was a significant decrease in that
of group 4 compared to that of group
2 and in that of group 6 compared to
that of group 2 but without a
significant decrease compared to
group 4, indicating a decreasing effect
of the high salt intake on the rats
obesity index.
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The systolic blood pressure (SBP)
showed an insignificant difference in
group 2 compared to that of group 1
and in group 6 compared to group 5,
while it showed a significant increase
in group 4 compared to that of group
3 indicating the effect of salt
combined with MHFD in increasing
the blood pressure and the
improvement of the SBP when ACE-I
was administered to MHFD rats.

Comparing the SBP between
groups 1, 3 and 5, no significant

unchanged blood pressure response
neither to salt alone nor to salt +
ACE-l in the rats fed with the
standard chow. While among the
different weight gained groups, it
revealed a significant increase in SBP
in group 4 compared to group 2
pointing to the salt induced effect on
the SBP. Also, SBP showed a
significant decrease in group 6
compared to group 4 indicating that
administration of ACE-I can reduce
the SBP in MHFD fed rats in response

difference

was

found denoting

to high salt intake.

Table 1: Obesity index, systolic blood pressure and kidney function tests in the
studied groups.

statistically significant differences in
serum urea and creatinine in groups 2,
4 and 6 compared to groups 1, 3 and 5
respectively, but all these differences
were within normal ranges. However,
there was a significant increase in the
24h  urine volume and urinary
albumin/24 h. in group 2 compared to
1 and in group 4 compared to 3, while
group 6 showed only a significant
increase in urinary albumin compared
to those of group 5 indicating that

. Urine Urinar Serum
Groups ino(IgE?;/lzﬁz) (msrﬁ:_j'g) Volume Albumin>/24 Sezrl:]rg/clj,:)r ca Creatinine
(ml/24h) h.(mg/24h) (mg/dl)
1 0.42+0.01 122+5.19 737£141.5 2.93+0.8 73.1+£2.33 0.65+0.05
2 0.544+0.02* 120.9+8.2 15724287 * 9.66+2.1* 89.1£2.37* 0.76+0.05*
3 0.30+2.5 * 117.4£5.2 820+100.9 2.08+0.41 81.5+1.58 * 0.74+0.005*
4 0.45+0.03+# 132.2+8+# 15004250.5 # 9.224+1.53# 17.16x1.7+# 0.3540.05+#
5 0.25+0.04*# 116+10.04 1090+179.19* | 1.71£0.31* # 47.3+2%# 0.75+0.05*
6 0.38+0.04+$ | 108.4+13 @ | 901+190.8+@ | 3.47/0.86+@$ | 37+1.63+ @ $ | 0.67+0.04+@$
*: Significant compared to groupl at P< 0.05.
+: Significant compared to group 2 at P<(0.05.
#: Significant compared to group3 at P<0.05.
@: Significant compared to group 4 at P<0.05.
8: Significant compared to group 5 at P< 0.05.
Concerning the kidney function MHFD is associated with renal
tests, table 1 reveals that there were dysfunction =~ which was  partly

improved upon ACE-I administration.
High salt intake led to changes in
kidney function tests which were
within the normal ranges in group 3
compared to 1 and in group 4
compared to 2. While group 6 had a
significant decrease in its 24 h. urine
volume and albumin  content
compared to groups 2 and 4 indicating
improvement in renal function of
MHEFD rats upon ACE inhibition.
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Figure 1 A and B show that
MHFD in group 2 was associated with
a significant decrease in sodium
excretion /24 h. urine associated with
an insignificant change in its serum
Na® when compared with those of
group 1. Moreover, group 4 had a
significantly decreased urinary Na'

excretion and  subsequently a
significant increase in its serum Na
compared to group 3. Also group 6
had a significantly reduced sodium
excretion compared to that of group 5.
Thus feeding rats with MHFD
impaired renal sodium excretion.
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*: Significant compared to groupl at P<0.05.
+: Significant compared to group 2 at P< 0.05.
#: Significant compared to group3 at P< 0.05.
@: Significant compared to group 4 at P< (.05.
8: Significant compared to group 5 at P< 0.05.

Figure 1: Means of 24 h. urinary sodium excretion (fig. A)
and of serum sodium (fig. B) of the studied groups
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These results were associated
with concomitant significant decrease
in urinary nitrites excretion and in
renal nNOS gene expression with a
significant  increase  in  renal
angiotensinogen expression and MDA
level in group 2 compared to group 1
and in group 4 compared to group 3.
Thus MHFD leads to impaired
natriuresis, decreased NO production,
increased renal oxidative stress with
concomitant upregulation of renal
angiotensinogen.

While group 6 compared to group
5 had a significantly decreased urinary
nitrites excretion, a significantly
increased renal MDA level and
insignificantly different renal nNOS
and angiotensinogen expression as
revealed in figure 2 A, B and C. These
results indicate that inhibition of ANG
IT production can improve renal nNOS
expression and decrease renal
angiotensinogen expression in the
MHFD receiving rats.

Figure 1 A and B revealed that
group 3 compared to group 1 and
group 5 compared to groups 1 and 3
had a significant increase in urinary
sodium excretion without significant
change in their Na serum level. Also
they had a significantly increased
urinary nitrite  excretion without
significantly changed renal nNOS and
angiotensinogen gene expression and

renal MDA level as shown in figure 2
A, B and C. Thus normally fed rats
had natriuresis and increased NO
production in response to salt intake
without any further added effect of
ANG II inhibition.

Comparing the results of the

different weight gaining groups, it
was found that group 4 compared to
group 2 had insignificantly increased
urinary Na  excretion and a
significantly increased serum Na level
(fig.1 A and B). Also it had a
significantly increased urinary nitrite
excretion and insignificantly different
renal nNOS and angiotensinogen
expression and MDA level compared
to group 2.
While group 6 showed a significant
increase in its urinary Na and
subsequently significantly decreased
serum Na level compared to groups 2
and 4 (figure 1A and B). Moreover it
showed a significant increase in its
urinary nitrites excretion and in its
renal nNOS gene expression. While it
showed a significant decrease in its
renal angiotensinogen and MDA level
compared to the other MHF fed
groups (fig. 2 A, B and C). These
results indicate that inhibition of
angiotensin II production is related to
reduction in the renal oxidative stress
and to increased expression of renal
nNOS in MHF salt fed rats.
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Figure 2: Means of 24 h. urinary nitrites excretion (fig. A), renal nNOS expression,
renal angiotensinogen gene expression (fig. B) and renal malondialdehyde MDA
level (fig. C) in the studied groups.

*: Significant compared to groupl at P< 0.05.
+: Significant compared to group 2 at P<0.05.
#: Significant compared to group3 at P< 0.05.
@ Significant compared to group 4 at P<0.05.
8: Significant compared to group 5 at P< 0.05.
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Figure 3: Aarose gel electrophoresis stained with ethidium bromide showing
expression of nNOS gene at 308 bp.
M: DNA marker
Lane 1 group 6 (MHFD + HSD + ACE-I)
Lane 2 group 4 (MHFD + HSD)
Lane 3 group 2 (MHFD)
Lane 4 negative control
Lane 5 control
Lane 6 group 3 (HSD)
Lane 7 group 5 (HSD + ACE-I)

controlobese obese
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Figure 4 : Agarose gel electrophoresis stained with ethidium bromide showing
expression of angiotensinogen gene at 404 bp.
M: DNA marker
Lane 1 group 5 (HSD + ACE-I)
Lane 2 group 3 (HSD)
Lane 3 control
Lane 4 negative control
Lane 5 group 2 (MHFD)
Lane 6 group 4 (MHFD + HSD)
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Lane 7 group 6 (MHFD + HSD + ACE-I)

DISCUSSION

Fat diet induced increased body
weight and its related complications
are very common. In this study,
moderately high-fat diet (MHFD)
increased significantly the obesity
index in groups 2, 4 and 6 compared
to their corresponding control groups
1, 3 and 5 respectively. The MHFD
used in this study contained 32% kcal
fat, as opposed to many other models
that have very high levels of fat (56%
Kcal fat)®. This explains why the
increase in the obesity index was
moderate and not enough to produce
diet-induced obesity. High salt diet
(HSD) decreased significantly the
obesity index in group 3 compared to
group 1, and in group 4 compared to
group 2. This could be explained by
the fact that HSD induces a significant
increase in the leptin level which is
well known to inhibit food intake®.

In the present study, neither the
MHEFD for 10 weeks (in group 2) nor
the HSD for one week (in group 3)
alone was able to induce
hypertension. = However, group 4
(MHFD + HSD) showed a significant
elevation in the SBP when compared
to either group 2 or 3, suggesting that
MHFD is responsible for the
induction of hypertension in response
to high salt intake, which is defined as
salt sensitivity. Also, it is likely that
increased salt intake is a necessary but
not a sufficient cause for hypertension
in this model and this agrees with
previously published data
demonstrating that 4% NaCl induced
a mild increase in SBP in obese prone
rats but not in obese resistant ones *.

It has been established, that long-
term regulation of mean arterial blood
pressure (MABP) is intimately
associated with extracellular fluid
volume homeostasis, which itself is
determined by sodium content, and
the kidneys, as the principal route
through which sodium is eliminated
from the body, are therefore central to
the long-term stability of MABP .
However, a rise in MABP is matched
by pressure natriuresis, which returns
MABP to normal. Therefore, all forms
of hypertension were predicted to be a
consequence of abnormal pressure
natriuresis responses>, BP
homeostasis is sacrificed to preserve
sodium balance.

Although the renal functions as
serum urea and creatinine in groups 2,
4 and 6 were significantly changed
compared to groups 1, 3 and 5
respectively, still they were within the
normal ranges. Also, the rats in spite
of being fasted, groups 2 and 4 had a
significant increase in 24 h. urine
volume (to about 50% increase) and
in urinary albumin/24 h (more than 3
times increase) compared to groups 1
and 3 respectively, without a
significant difference between renal
functions of group 4 compared to
group 2. This indicates that MHFD
induced a significant renal damage
independent of HSD. Thus this model
of moderately high fat fed rats
developed functional renal changes,
salt sensitivity and became more
liable to develop hypertension.
Inhibition of ANG II production
through the use of ACE-I in group 6,
improved urinary albumin content and
24h urine volume compared to groups
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2 and 4 although its albumin content
was still significantly increased
compared to group 5 indicating an
impact of the ANG II on the MHFD
induced renal dysfunction.

Albuminuria in MHFD fed rats
could be ascribed to: increased
reactive oxidative species (ROS)*
since they have important pathogenic
role in organ damage; to increased
local ANG II, which can also cause
renal damage via activation of
transforming growth factor B* or
enhancement of oxidative stress36; as
well as to deficiency of NO
renoprotective effect’’.

Moreover, the results obtained in
this study demonstrated that high salt
intake is accompanied by a significant
increase in the urinary Na® excretion
without a significant change in serum
Na® in groups 3 and 5. On the other
hand, an increase in obesity index was
associated with a significant reduction
of urinary sodium excretion (group 2
vs. group 1) even after sodium loading
(group 4 vs. group 3) that leads to a
significant elevation of serum Na" and
SBP in group 4 compared to group 3.
This is consistent with decreased
natriuretic ability reported in obese
rats by several studies®*. However,
when ACE-I was administered in
group 6 (MFD + HSD + ACE-I), it
was able to significantly improve
natriuretic capability (group 6 vs.
group 4) and maintain SBP in its
normal range, and this is apparently
due to interference with the sodium
retaining effect of ANG II.

Several clinical and experimental
studies have demonstrated the
phenomenon of salt-sensitive
hypertension and impaired natriuresis
in obesity, which were attributed to

multiple  mechanisms  including
abnormal regulation of the renin-
angiotensin system (RAS)™,
sympathetic nervous system
activation®!, NO inactivation’* and
impaired renal function®. It was also
reported that increased production of
NO results in renal vasodilation and
both natriuresis and diuresis while a
defect in the production of NO might
be responsible for the salt sensitivity
found in many hypertensive patients®.
Also, ANG 1II is known to have a
potent anti-natriuretic action, besides,
although there is an uptake of ANG II
from the plasma by the kidney, ~85%
of renal tissue ANG II originates from
local production in the kidney®.
Therefore, this study tested the
hypothesis that the local renal RAS
together with oxidative stress, that
may be associated with moderately
high fat diet, could have a remarkable
effect on renal neuronal nitric oxide
synthase (nNOS) and therefore they
could influence the urinary sodium
excretion.

A defect in total body NO can be
explored by a significant reduction of
urinary nitrite excretion. Renal NO is
derived from all the 3 isoforms of
NOS which are known to be
expressed variably in different renal
cells and reportedly contributes to the
regulation of renal function. Inhibition
of NOS activity within the kidney is
known to lead to Na' retention and
hypertension”®. The precise role of
each of the 3 NOS isoforms was not
examined in this model of MHFD fed
rats. However, since in the kidney,
nNOS is expressed in the collecting
duct, the efferent arteriole and
mesangial cells with the highest
expression in the macula densa cells*
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and given the great role of macula
densa in regulating tubuloglomerular
feedback (TGF) and  sodium
homeostasis, this study examined the
effect of MHFD on the renal
expression of nNOS and its relation to
renal expression of angiotensinogen
and OXST.

In the current study, salt
sensitivity observed with MHFD
(group 4) was associated with a
significant reduction in urinary nitrite
excretion and renal nNOS expression
compared to group 3. It should be
noted that the reduction in urinary
nitrite was unrelated to dietary
nitrite/nitrate, as the rats were fasted
during urine collection. Instead, it was
most likely due to depressed NO
production (depressed NOS),
increased NO sequestration (increased
ROS), or both. In contrast to MHFD
rats, the chow-fed rats exhibited
resistance to HSD (group 3), as
evidenced by a lack of change in
arterial pressure, despite high salt
intake. This resistance was
accompanied by a significant increase
in urinary nitrite excretion and
insignificant increase in renal nNOS
expression compared to group 1.
These observations point to the role of
MHFD in decreasing renal NO
availability. Treatment of group 6
with ACE-I was accompanied by a
significant increase in NO availability
in comparison to group 4. However,
on comparing group 6 with group 5,
one can observe that ACE-I
minimized the effect of MHFD as
revealed by significant reduction in
the urinary nitrite excretion without
any significant change in the
expression of renal nNOS. While, in
absence of ACE-I, MHF diet had

significantly reduced both the urinary
nitrite excretion and the renal nNOS
expression (group 2 vs. 1 and 4 vs.3).
This latter observation could point to
the possibility of an inhibitory effect
of ANG II on the expression of renal
nNOS.

In accordance with the present
study results, previous studies have
reported that higher fat diet (39%
Kcal Fat) fed animals exhibited a
marked increase in nitrotyrosine (a
marker of NO inactivation by ROS),
pointing to increased NO
inactivation” or had a significant
decrease in renal NO production®.
Also, NO produced by the macula
densa was documented to attenuate
TGF-mediated afferent arteriolar
vasoconstriction in response to the
luminal  salt  content.  Thus
downregulation of renal nNOS or
ROS-mediated inactivation of NO can
promote salt sensitivity by
augmenting the TGF response and
diminishing pressure  natriuresis>.
Moreover, Ni et al.*® showed that
increases in dietary salt for 3 weeks
increased NO production in salt-
resistant, but not salt-sensitive, Dahl
rats, suggesting that decreased NO
production may cause salt-sensitive
hypertension. Similar result was
reported by Mattson and Higgins* in
genetically normotensive Sprague-
Dawley rats. Regarding the effect of
ANG II on nNOS, Moreno et al®
reported a similar inhibitory effect of
ANG 1I infusion for 3 days on the
renal nNOS.

On the other hand, other studies
were apparently at odds with the
present study. For example, Vallon et
al® had pronounced that blood
pressure in nNOS knockout mice is
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normal, suggesting that NO derived
from this source plays only a minor
role in BP management. Noronha et
al.>® concluded that in early obesity
after 8 weeks of high fat diet, there
was a significant increase rather than
a reduction in basal NO. However,
their evidence for an increase in
whole-body NO production especially
those derived from iNOS was
dependent upon the elevated plasma
and not urinary nitrate levels in obese
mice. Moreover, Roberts et al.*? had
reported an initial rise (6 months) in
the total renal NO production capacity
followed by a decrease at 2 years after
a high fat diet in rats. These
conflicting data may be attributed to;
different amount of fat given to the
animals; differences in obesity index;
differences in chronic regulation of
expression and activity of the various
NOS isoforms™.

Therefore, it appears that
whenever there is an intact renal NO
system in rats, HSD for one week
doesn't increase blood pressure. While
in the presence of defective NO
metabolism, an increase in blood
pressure is necessary to maintain
sodium balance. This defect in renal
NO system could be related to
oxidative stress® or abnormal RAS>
both can be modulated by high fat
diet.

The finding that macula densa
cells express both nNOS™ and a
complete complement of NADPH
oxidase components® provoked the
hypothesis that TGF responses are
regulated by an interaction between
O, and NO®. In addition to
inactivating NO, ROS and their by-
product of interaction with NO,
peroxynitrite, can oxidize and deplete

tetrahydrobiopterin, an essential NOS
cofactor, which can augment NO
deficiency and oxidative stress®"
Interestingly,  peroxynitrate = may
contribute to mitochondrial
superoxide production by enhancing
the build-up of semi-ubiquinone®.

From the results of the present
study it could be suggested that
MHEFD induced a significant increase
in renal ROS production as evident
from a significant increase in renal
malondialdehyde (MDA) level (group
2 vs. group 1 and group 4 vs. group
3). While HSD for one week didn't
alter renal MDA as evident from the
insignificant change in renal MDA in
group 3 compared to group 1 and in
group 4 compared to group 2. ACE-I
was able to significantly reduce it
(group 6 vs. group 4), to a level
comparable to that of group 1,
suggesting that ANG II had a great
role in production of renal ROS in
response to MHFD. However, other
factors could have a role in ROS
production because there was still a
significant increase in renal MDA
level in group 6 compared to group 5
otherwise, ACE-I used in this study
(25mg/Kg/day) wasn't able to
completely prevent the oxidative
stress induced by ANG I

The precise mechanism(s)
whereby MHFD leads to increased
production of ROS and subsequently
to functional deficiency of renal NO
remains to be elucidated but according
to previous studies, it may be related
to; increased local leptin production®,
increased production of ANG II which
has been shown to upregulate
synthesis of NADPH oxidase subunits
to produce superoxide™, also under
oxidative conditions,
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tetrahydrobiopterin (BH4), a cofactor
required for the NOS activity, can be
oxidized to dihydrobiopterin (BH2).
In this case, NOS will produce
superoxide rather than NO*, making
this another mechanism by which
reactive oxygen species (ROS) can be
produced and NO concentrations can
be reduced. Moreover, superoxide
reportedly may potentiate TGF by
exerting a constrictor-like action
directly on the afferent arteriole
independent of local NO*°.

In this study, whole-kidney
mRNA by real-time RT-PCR for
angiotensinogen was also measured. It
was found that MHFD  was
responsible for the marked increase in
renal angiotensinogen gene expression
in group 2 and 4 in comparison to
their corresponding control groups 1
and 3 respectively, while HSD for one
week had totally no effect on its
expression as  revealed from
insignificant change in its expression
between group 3 and 1 and group 4
and 2. Again, ACE-I was effective in
reducing the renal angiotensinogen
gene expression, this could be
explained by the fact that ROS has a
stimulatory effect on the renal
expression of angiotensinogen® and
since inhibition of ANG II can reduce
renal ROS, it can abolish this
stimulatory effect. Therefore, it can be
speculated that a vicious circle exist: a
decrease in  NO  availability
upregulates ROS, which in its turn
will increase renal angiotensinogen
expression, the resulting increase in
ANG II will further increase ROS and
subsequently decreases nNOS.

The results of the current study
were consonant with the finding
reported by other studies in which

they reported that transgenic mice
carrying an additional rat
angiotensinogen (Agt) gene have been
shown to exhibit hypertension”®"
(because angiotensinogen is rate
limiting in the mouse®), whereas
knockout of angiotensinogen results
in hypotension®.

Several studies have suggested
that a balance between the synthesis
of NO and the formation of ANG II is
necessary for the  appropriate
modulation of renal function and
blood pressure®” ®. This concept has
been well demonstrated, showing that
most of the effect produced by NO
synthesis inhibition are minimized or
abolished by the simultaneous
blockade of ANG II and, vice versa.
Therefore, the effects of activation of
a process that progressively inhibit
NO are, in fact, produced by ANG II,
whose antinatriuretic and
vasoconstrictor  effects are left
unbalanced®. A process that exhibits
such characteristics is oxidative stress,
because it has the ability to quench
NO and decrease its concentration.
However, oxidative stress also
involves other pressor mechanisms®’.

In conclusion, the MHF fed rats
exhibited a significant rise in blood
pressure with increased dietary salt
intake, pointing to an acquired salt
sensitivity mediated, at least in part,
by a reduction in renal nNOS
abundance and increased ROS-
mediated NO inactivation. This NO
deficiency together with the possible
upregulation of renal angiotensinogen
expression would result in salt
retention, volume expansion,
increased renovascular resistance, and
hypertension.
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