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Summary

Hypothalamic  paraventricular nucleus (PVN) and rostral
ventrolateral medulla (RVLM) play an important role in brain
control of blood pressure (BP). One of the important mechanisms
involved in the pathogenesis of hypertension is the elevation of
reactive oxygen species (ROS) production by nicotine adenine
dinucleotide phosphate (NADPH) oxidase. The aim of our present
study was to investigate NADPH oxidase-mediated superoxide
(0y") production and to search for the signs of lipid peroxidation
in hypothalamus and medulla oblongata as well as in renal
medulla and cortex of hypertensive male rats transgenic for the
murine Ren-2 renin gene (Ren-2 TGR) and their age-matched
normotensive controls — Hannover Sprague Dawley rats (HanSD).
We found no difference in the activity of NADPH oxidase
in the

hypothalamus and medulla oblongata. However, we observed

measured as a lucigenin-mediated O, production
significantly elevated NADPH oxidase in both renal cortex and
medulla of Ren-2 TGR compared with HanSD. Losartan (LOS)
treatment (10 mg/kg body weight/day) for 2 months (Ren-2
TGR+LOS) did not change NADPH oxidase-dependent O,
production in the kidney. We detected significantly elevated
indirect markers of lipid peroxidation measured as thiobarbituric
acid-reactive substances (TBARS) in Ren-2 TGR, while they were
significantly decreased in Ren-2 TGR+LOS. In conclusion, the
present study shows increased NADPH oxidase activities in renal
cortex and medulla with significantly increased TBARS in renal
cortex. No significant changes of NADPH oxidase and markers of
lipid peroxidation were detected in the studied brain regions.
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Introduction

Neurogenic basis of hypertension is accepted in
both humans and various animal models. Two relevant
centers of arterial blood pressure (BP) control in the brain
are the hypothalamic paraventricular nucleus (PVN) and
rostral ventrolateral medulla (RVLM) (Guyenet 2006,
Gabor and Leenen 2012). Numerous studies described the
elevation of reactive oxygen species (ROS) production as
one of the important mechanisms involved in the
pathophysiology of hypertension (Peterson et al. 2006,
Harrison and Gongora 2009, Hirooka et al. 2011, Chan
and Chan 2014). One of the major sources of cellular
ROS is multicomponent plasma membrane nicotinamide
(NADPH) oxidase
(Griendling et al. 2000). The augmentation of oxidative
stress through increased NADPH oxidase-mediated O,
production has also been reported in the pathogenesis of

adenine dinucleotide phosphate

hypertension (Paravicini and Touyz 2008, Datla and
Griendling 2010). Our previous study performed in adult
salt hypertensive Dahl rats showed neither the increased
activity of NADPH oxidase-mediated O, production nor
the increased levels of markers of lipid peroxidation
damage in hypothalamus or medulla oblongata
(Vokurkova et al. 2015). However, we found the
enhanced NADPH oxidase-mediated O, production
(without significant increase of lipid peroxidation) in the
renal medulla of salt hypertensive Dahl sensitive rats.

The renin-angiotensin system is a powerful
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biological modulator of mammalian BP. Its dysregulation
causes whereas its
blockade
converting enzyme inhibitors or angiotensin receptor
blockers lowers BP (Crowley and Coffman 2014).

A well-defined monogenetic model of angiotensin II-

hypertension, pharmacological

by direct renin inhibitors, angiotensin-

dependent hypertension is adult male heterozygous Ren-2
transgenic rats (Ren-2 TGR). In this strain murine Ren-2
gene was inserted into the genome of normotensive
Hannover Sprague Dawley rats (HanSD) and renin-
angiotensin system (RAS) was inappropriately activated
(Mullins et al. 1990). Angiotensin II is known to
stimulate ROS production by NADPH oxidase (Nguyen
Dinh Cat et al. 2013).

The aim of our present study was to investigate
NADPH oxidase-mediated O, production and to search
for the
hypothalamus and medulla oblongata as well as renal

enhancement of lipid peroxidation in
medulla and renal cortex of Ren-2 and HanSD rats. We
also studied whether angiotensin II type 1 receptor
antagonist, losartan (LOS), which normalizes BP in this
model, could attenuate NADPH oxidase-mediated O,
production and lipid peroxidation in the above mentioned
tissues.

Material and Methods

Reagents
Nicotinamide-adenine dinucleotide phosphate
(NADPH), ethylene glycol-bis(2-amino-ethylether)-
N,N,N’,N’-tetraacetic acid (EGTA), aprotinin, leupeptin,
fluoride, 1,1,3,3-
9’-bis[N-methyl
acridinium nitrate] and Folin reagent were purchased
from Sigma-Aldrich Co (USA), Lubrol from Serva
(Germany) and losartan (Lozap) from Zentiva (Czech

pepstatin,  phenylmethylsulfonyl

tetracthoxypropane, lucigenin (9,

Republic). All other reagents were of the purest grade
commercially available.

Animals

Twenty 4-week-old male heterozygous Ren-2
transgenic rats and 10 age-matched transgene-negative
normotensive Hannover Sprague Dawley rats were used
for our experiments. All animals were housed under
standard laboratory conditions (temperature 23+1 °C,
12-h light/dark cycle) in the facility of Institute of
Physiology accredited by the Czech Association of
Laboratory Animal Care and maintained on tap water and
standard rodent chow (Altromin) ad libitum.

Antihypertensive regime

From the age of 4 weeks 10 randomly chosen
Ren-2 TGR were given tap water containing 100 mg/l of
10 mg/kg/day (Ren-2 TGR+LOS) for
2 months similarly as in our previous study (RakuSan et

losartan, i.e.

al. 2010). All procedures and experimental protocols in
the experimental animals, which were approved by the
Ethical Committee of the Institute of Physiology CAS,
conform to the FEuropean Convention on Animal

Protection and Guidelines on Research Animal Use.

Monitoring of systolic blood pressure

Systolic blood pressure (SBP) was measured by
automated tail-plethysmography system MC 4000;
Hatteras, North Carolina, USA (ERDF, OPPK Biomodels
CZ.2.16/3.1.00/24017). To eliminate the influence of
circadian SBP variation, the measurements were always
done approximately at the same time of day (between
8:00 and 10:00 a.m.).

Sample preparation

At the end of the experiment, the animals
subjected to ether anesthesia were euthanized by
decapitation. The heart and kidney were removed and
weighted. The brain was quickly removed from the scull
on ice-cold platform. The macroscopic structures of the
brainstem (without cerebellum) were manually separated
in two parts according to a rat brain atlas (Paxinos and
Watson 2005). Part A means hypothalamus including
PVN and part B medulla oblongata with pons including
RVLM (AP -9 to AP -15). The mean weights of the
individual blocks of brain tissue (xSEM) were 6142.1
and 176%2.3 mg for parts A and B, respectively. The
dissected parts of the brain were homogenized in 10 %
(wt/vol) ice-cold lysis buffer containing 20 mmol/l
KH,PO,4, 1 mmol/l EGTA, 1 pg/ml aprotinin, 1 pg/ml
leupeptin, 1 pg/ml pepstatin, 1 mmol/l phenylmethyl-
sulfonyl fluoride (pH 7.4) and placed on ice. Folin
method was used for the determination of protein
concentration in the homogenates using bovine serum
albumin as standard (Lowry ef al. 1951).

Measurement of lipid peroxidation

Lipid peroxidation in the frozen-thawed samples
was measured by measuring thiobarbituric acid-reactive
substances (TBARS) formation (Ohkawa et al. 1979). To
TBARS, the
incubated with thiobarbituric and acetic acid at 95 °C

determine brain homogenates were

for 45 min. After cooling the developed fluorescent
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substance was extracted with n-butanol. Fluorescence of
the organic phase was measured at an excitation
wavelength of 515 nm and an emission wavelength of
553 nm using Tecan Infinite M200 multimode microplate
fluorometer. A calibration curve was prepared from
1,1,3,3-tetracthoxypropane. The results were expressed as
nmol of TBARS per mg of protein.

Determination of conjugated dienes

The concentration of conjugated dienes (CD)
was determined in freshly isolated lipid extracts of brain
part B, renal cortex and medulla and heart homogenates.
Briefly, homogenates were extracted in a chloroform-
methanol (1:1) mixture. After organic solvent evaporation
under nitrogen atmosphere, the lipid residues were
dissolved in cyclohexane and determined spectrophoto-
metrically at 233 nm according to previously described
method (Kogure ef al. 1982).

Samples of brain and kidney frozen-thawed
homogenate (0.010-0.020 mg of protein) were added to
1 ml of 10 mmol/l phosphate buffer (pH 7.4) with 1 %
(wt/vol) Lubrol. Formation of conjugated dienes was
measured from the absorbance ratio A,33/A, ;s (oxidative
index) using a spectrophotometer Beckman DU-7 (Klein
1970, Kaplan et al. 2000).

Measurement of NADPH oxidase activity
The
assay was used to determine NADPH oxidase-mediated

lucigenin-enhanced chemiluminescence
superoxide radical (O,) production in the two parts of
freshly isolated brain and renal medulla and cortex
homogenates (Matsui et al. 2006). The reaction was
started by the addition of NADPH (0.1 mmol/l) to the
suspension (250 ul final volume) containing assay
phosphate buffer (50 mmol/l KH,PO,, 1 mmol/l EGTA,
150 mmol/l sucrose, pH 7.4), sample and lucigenin
(5 pmol/l). The luminescence was measured using Tecan
Infinite M200 multimode microplate fluorometer at
30 °C every 5s for 10 and 3 min, in brain and kidney
homogenates, respectively (Fig. 1). Buffer blank was
subtracted from each reading. The activity of NADPH
oxidase was expressed as counts per mg protein.

Determination of thiol concentrations

he intracellular content of reduced glutathione
(GSH) in the renal cortex, heart and liver was determined
according to the method described earlier (Ellman 1959).
Briefly, the tissue samples were homogenized in 3 %
sulfosalicylic acid and 10 %

homogenates were

centrifuged for 10 min at 3 000 g. A portion of the
supernatant was mixed with 0.02 M 5,5’-dithiobis-(2-
nitrobenzoic acid) in 0.1 M phosphate buffer (pH 8) and
the absorbance of a colored product was read on
a spectrophotometer at 412 nm. The concentration of
GSH was calculated from a calibration curve prepared by
serial dilution of 1 mM stock solution. The results were
expressed as umol GSH/g tissue.
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Fig. 1. Time course of NADPH oxidase-mediated O, production
in the brain part A and B, renal medulla and cortex.

Statistical analysis

Results are expressed as mean + SEM and the
statistical differences between experimental groups were
evaluated by Student’s t-test. Values of P<0.05 were
considered to be statistically significant.

Results

Table 1 shows significantly higher SBP in three-
month-old Ren-2 TGR than in normotensive HanSD, but
the treatment with LOS significantly decreased SBP.
Body weights were similar in HanSD and Ren-2 TGR but
Ren-2 TGR+LOS were significantly heavier. Hyperten-
sion in Ren-2 TGR was accompanied by the increase in
absolute and relative heart weight. Treatment with LOS
significantly decreased heart weight. Significantly lower
relative kidney weight was found in Ren-2 TGR+LOS as
compared to untreated animals (Table 1).

Table 2 indicates that there were no significant
differences between individual experimental groups in
NADPH oxidase-dependent O, production in brain
part A (hypothalamus including PVN) or part B (medulla
oblongata with pons including RVLM). However, we
obtained enzyme activities, which were nearly twice as
high in part A as in part B after 10 min of measurement.
To evaluate the degree of brain damage by ROS we
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measured TBARS, conjugated dienes and oxidative index

as the indirect markers of

Table 1. Basic characteristic of the experimental groups.

lipid peroxidation.

Nevertheless, we did not find any significant differences
between the studied groups (Table 2).

HanSD TGR TGR + LOS
Number of rats 10 10 10
Systolic blood pressure (mm Hg) 133£5 204 £6 * 144+7"
Body weight (BW, g) 489 + 10 504+9 532+ 6%
Heart weight (HW, g) 1.33+£0.06 1.55+0.05 * 127+0.02"%
Kidney weight (KW, g) 2.96+0.11 3.15+0.07 3.11+0.06
Relative heart weight (HW/BW, mg/g) 2.72+0.10 3.08+0.10 * 2.39+0.03 **
Relative kidney weight (KW/BW, mg/g) 6.04 £0.16 6.32+£0.15 585+0.11"

Data are means + SEM. Significantly different: *P<0.05 from HanSD rats, *P<0.05 TGR rats. HanSD — Hannover Sprague-Dawley

control rats, TGR — transgenic rats (Ren-2), LOS — losartan.

Table 2. Oxidative stress in the brain of experimental groups.

HanSD TGR TGR + LOS
NADPH oxid. tivity in the brai t A
oxiaase aciivily in ine orain par 12324096  1224+0.82  12.98+0.57
(counts/mg protein x 10°)
NADPH oxidase activity in the brain part B
) 5 6.95+0.80 6.09 £ 0.46 6.25+0.47
(counts/mg protein x 10°)
TBARS in the brai t A
i T Bratn par 1224006  124£005 1294007
(nmol/mg protein)
TBARS in th i tB
§ in the brain par 1784022 1684029  131+0.11
(nmol/mg protein)
Conjugated dienes in the brain part B
. 1.45+0.19 1.96 £ 0.34 1.95+0.34
(umol/g tissue)
Oxidative lnd.ex in the brain part A 0.46 < 0.01 0.49 + 0.01 0.45 % 0.01
(A233/A ;5 ratio)
dative i . )
Oxidative znd.ex in the brain part B 0.40 < 0.01 041+ 001 0414001
(A233/A2;5 ratio)

Data are means + SEM. HanSD — Hannover Sprague-Dawley control rats, TGR — transgenic rats (Ren-2), LOS — losartan.

Due to a quite different shape of the recorded
curves of ROS production in brain and kidney, we
evaluated ROS production in renal cortex and medulla for
3 min only (Fig. 1). Contrary to the brain tissue we found
significantly elevated NADPH oxidase-dependent Oy
production in both renal cortex and medulla of Ren-2
TGR compared with HanSD (Table 3). The treatment
with LOS did not change NADPH oxidase-dependent O,
production in renal cortex and medulla of Ren-2 TGR.
TBARS in renal cortex were significantly elevated in
Ren-2 TGR and significantly decreased in Ren-2

TGR+LOS but conjugated dienes and oxidative index did
not differ significantly among studied groups. In the renal
medulla we did not find any significant differences in
TBARS, CD and oxidative index among experimental
groups (Table 3).

Concentrations of reduced glutathione (GSH) in
renal cortex and medulla (Table 3) did not show any
significant difference among experimental groups.
Similarly, concentrations of GSH in heart and liver were
not significantly different among studied groups of rats

(Table 4).
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Table 3. Oxidative stress in the kidneys of experimental groups.

HanSD TGR TGR + LOS
NADPH oxidase flctlwl); in renal cortex 15.85 4 1.65 9938 4 1.56%  22.00 4 2.37%
(counts/mg protein x 10°)
NADPH oxidase flCIlVlf); in renal medulla 0.45 4 0.74 12.64 4 0.91* 11.43 4 1.66
(counts/mg protein x 10°)
TBARS in renal cortex (nmol/mg protein) 2.16+0.21 2.97 £ 0.25% 2.34+0.16"
TBARS in renal medulla (nmol/mg protein) 3.33+£0.23 3.32+£0.25 3.22+0.17
Conjugated dienes in renal cortex (umol/g tissue) 0.67 £0.07 0.66 = 0.05 0.69 £ 0.07
Conjugated dienes in renal medulla (umol/g tissue) 0.68 = 0.07 0.64 + 0.09 0.65 + 0.06
Oxidative index in renal cortex (Ay33/A3;5 ratio) 0.54+0.01 0.54+0.01 0.55+0.01
Oxidative index in renal medulla (A,33/43;5 ratio) 0.30+0.01 0.31+0.01 0.31+£0.01
Thiols in renal cortex (umol/g tissue) 4.65+0.47 4.47+0.21 5.09 £ 0.49
Thiols in renal medulla (umol/g tissue) 4.04 +0.33 4.40+0.54 436=+0.36

Data are means + SEM. Significantly different: *P<0.05 from HanSD rats, *P<0.05 TGR rats. HanSD — Hannover Sprague-Dawley

control rats, TGR — transgenic rats (Ren-2), LOS — losartan.

Table 4. Oxidative stress in the heart and liver of experimental groups.

HanSD TGR TGR + LOS
Conjugated dienes in the heart (umol/g tissue) 0.59 + 0.06 0.60 + 0.06 0.60 + 0.07
Thiols in the heart (umol/g tissue) 2.55+0.10 2.51+0.10 2.53 +0.05
Thiols in the liver (umol/g tissue) 7.35+0.35 7.97+0.26 7.98 +£0.78

Data are means + SEM. HanSD — Hannover Sprague-Dawley control rats, TGR — transgenic rats (Ren-2), LOS — losartan.

Discussion

Our present study shows new data on NADPH
oxidase-dependent O, production and oxidative damage
in two parts of the brain, which are essential for BP
control, and in renal cortex and medulla of Ren-2 TGR
with angiotensin II-dependent hypertension.

We confirmed higher SBP in 3-month-old Ren-2
TGR compared with age-matched normotensive HanSD.
We found a good correspondence between SBP elevation
in our present study and the earlier studies, which
followed Ren-2 TGR over a wide spectrum of age
ranging from 15-69 weeks (Kasper et al. 2005, Nautiyal
et al. 2012a). Losartan treatment lowered SBP as has
been shown in the previous studies (Stula et al. 1998,
Teisman et al. 1998, Zhou et al. 1999, Rakusan et al.
2010).

We did not find significantly higher body weight
of Ren-2 TGR compared to HanSD as reported by
Nautiyal et al. (2012a) in 25-week-old animals. We

observed a significant increase of body weight in Ren-2
TGR after LOS treatment that was consistent with
valsartan treated 6-week-old Ren-2 TGR (30 mg/kg/day
for 21 days) in the study of Whaley-Connell et al. (2006).
The significantly higher heart-to-body weight ratio in
Ren-2 TGR indicates the severity of hypertension.

We did not find any difference in the activity of
NADPH oxidase-dependent O,  production in the brain
part A or part B among experimental groups. Nautiyal et
al. (2012a) described significantly higher NADPH
oxidase activity of brain dorsal medullary tissue in
25-week-old Ren-2 TGR compared with age-matched
HanSD controls. Thus, the different results of our study
could be related to substantially younger age of our
animals. Higher NADPH oxidase activity in brain dorsal
medullary tissue was significantly reduced by two weeks
of intracerebroventricular infusion of ROS scavenger
tempol (cell-permeable superoxide dismutase mimetic).
On the other hand, the infusion of artificial cerebrospinal

fluid or candesartan (angiotensinIl type 1 receptor
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antagonist) had no significant effect on brain NADPH
oxidase activity (Nautiyal ef al. 2012b).

As far as the kidney is concerned, NADPH
oxidase is the primary source of O, under physiological
conditions (Kitiyakara et al. 2003, Chen et al. 2005). We
found significant elevation of NADPH oxidase-dependent
O, production in both cortex and medulla of Ren-2 TGR.
Similarly, the studies in young (6-week-old) TGR
described the elevation of renal NADPH oxidase-
dependent O, production as compared with age-matched
Sprague-Dawley controls (Whaley-Connell et al. 2008,
Whaley-Connell et al. 2009). The increased renal
NADPH oxidase activity of Ren-2 TGR was in concert
with the enhancement of NADPH oxidase subunit
expression and oxidative stress markers. These changes
were also associated with structural changes in kidney
(Whaley-Connell et al. 2006, 2008). Our results of
increased NADPH activity in both parts of the kidney in
Ren-2 TGR are partially in contrast to our previous
results in salt-hypertensive Dahl rats in which NADPH
activity was increased only in medulla (Vokurkova et al.
2015). This contradictory finding could be related to
higher RAS-dependent activation of ROS production in
Ren-2 TGR, which have angiotensin II-dependent
hypertension with increased activity of endogenous RAS.

References

Glutathione, a tripeptide present in all tissues, is
involved in various detoxification mechanisms. It also
serves as a scavenger of free radicals (Sies 1999,
Aquilano et al. 2014). Intracellular content of GSH was
different in the examined tissues but it was not influenced
by genotype or LOS treatment.

In summary, the present study shows increased
NADPH oxidase activities only in renal cortex and
medulla with significantly increased TBARS in renal
cortex. No significant changes were detected in the
studied brain regions.

Conflict of Interest
There is no conflict of interest.

Acknowledgements

The authors would like to thank to Alena Charvatova,
Zdenka Kopeckd, Iva Nahodilova and Marie Schiitzova,
for their excellent technical assistance. This work was
supported by research grant 304/12/0259 (Czech Science
Foundation), 15-25396A by Ministry of Health of the
Czech Republic, ERDF, OPPK Biomodels
CZ.2.16/3.1.00/24017 and RVO: 67985823 (Institute of
Physiology).

AQUILANO K, BALDELLI S, CIRIOLO MR: Glutathione: new roles in redox signaling for an old antioxidant. Front

Pharmacol 5: 196, 2014.

CHAN SH, CHAN JY: Brain stem NOS and ROS in neural mechanisms of hypertension. Antioxid Redox Signal 20:

146-163,2014.

CHEN Y, GILL PS, WELCH WIJ: Oxygen availability limits renal NADPH-dependent superoxide production. Am J

Physiol Renal Physiol 289: F749-F753, 2005.

CROWLEY SD, COFFMAN TM: The inextricable role of the kidney in hypertension. J Clin Invest 124: 2341-2347,

2014.

DATLA SR, GRIENDLING KK: Reactive oxygen species, NADPH oxidases, and hypertension. Hypertension 56:

325-330, 2010.

ELLMAN GL: Tissue sulthydryl groups. Arch Biochem Biophys 82: 70-77, 1959.
GABOR A, LEENEN FH: Central neuromodulatory pathways regulating sympathetic activity in hypertension. J App!

Physiol 113: 1294-1303, 2012.

GRIENDLING KK, SORESCU D, USHIO-FUKAI M: NAD(P)H oxidase: role in cardiovascular biology and disease.

Circ Res 86: 494-501, 2000.

GUYENET PG: The sympathetic control of blood pressure. Nat Rev Neurosci 7: 335-346, 2006.

HARRISON DG, GONGORA MC: Oxidative stress and hypertension. Med Clin North Am 93: 621-635, 2009.

HIROOKA Y, KISHI T, SAKAI K, TAKESHITA A, SUNAGAWA K: Imbalance of central nitric oxide and reactive
oxygen species in the regulation of sympathetic activity and neural mechanisms of hypertension. Am J Physiol

Regul Integr Comp Physiol 300: R818-R826, 2011.



2015 NADPH Oxidase-Mediated ROS Production in Adult Ren-2 TGR 855

KAPLAN P, DOVAL M, MAJEROVA Z, LEHOTSKY J, RACAY P: Iron-induced lipid peroxidation and protein
modification in endoplasmic reticulum membranes. Protection by stobadine. Int J Biochem Cell Biol 32:
539-547, 2000.

KASPER SO, CARTER CS, FERRARIO CM, GANTEN D, FERDER LF, SONNTAG WE, GALLAGHER PE, DIZ
DI: Growth, metabolism, and blood pressure disturbances during aging in transgenic rats with altered brain
renin-angiotensin systems. Physiol Genomics 23: 311-317, 2005.

KASPER SO, FERRARIO CM, GANTEN D, DIZ DI: Rats with low brain angiotensinogen do not exhibit insulin
resistance during early aging. Endocrine 30: 167-174, 2006.

KITIYAKARA C, CHABRASHVILI T, CHEN Y, BLAU J, KARBER A, ASLAM S, WELCH WJ, WILCOX CS: Salt
intake, oxidative stress, and renal expression of NADPH oxidase and superoxide dismutase. J Am Soc Nephrol
14: 2775-2782, 2003.

KLEIN RA: The detection of oxidation in liposome preparations. Biochim Biophys Acta 210: 486-489, 1970.

KOGURE K, WATSON B, BUSTO R, ABE K: Potentiation of lipid peroxides by ischemia in rat brain. Neurochem Res
7:437-454, 1982.

LOWRY OH, ROSEBROUGH NIJ, FARR AL, RANDALL RJ: Protein measurement with the Folin phenol reagent.
J Biol Chem 193: 265-275, 1951.

MATSUI H, SHIMOSAWA T, UETAKE Y, WANG H, OGURA S, KANEKO T, LIU J, ANDO K, FUJITA T:
Protective effect of potassium against the hypertensive cardiac dysfunction: association with reactive oxygen
species reduction. Hypertension 48: 225-231, 2006.

MULLINS JJ, PETERS J, GANTEN D: Fulminant hypertension in transgenic rats harbouring the mouse Ren-2 gene.
Nature 344: 541-544, 1990.

NAUTIYAL M, KATAKAM PV, BUSIJA DW, GALLAGHER PE, TALLANT EA, CHAPPELL MC, DIZ DI:
Differences in oxidative stress status and expression of MKP-1 in dorsal medulla of transgenic rats with altered
brain renin-angiotensin system. Am J Physiol Regul Integr Comp Physiol 303: R799-R806, 2012a.

NAUTIYAL M, SHALTOUT HA, DE LIMA DC, Do NASCIMENTO K, CHAPPELL MC, DIZ DI: Central
angiotensin-(1-7) improves vagal function independent of blood pressure in hypertensive (mRen2)27 rats.
Hypertension 60: 1257-1265, 2012b.

NGUYEN DINH CAT A, MONTEZANO AC, BURGER D, TOUYZ RM: Angiotensin II, NADPH oxidase, and redox
signaling in the vasculature. Antioxid Redox Signal 19: 1110-1020, 2013.

OHKAWA H, OHISHI N, YAGI K: Assay for lipid peroxides in animal tissues by thiobarbituric acid reaction. Anal
Biochem 95: 351-358, 1979.

PARAVICINI TM, TOUYZ RM: NADPH oxidases, reactive oxygen species, and hypertension: clinical implications
and therapeutic possibilities. Diabetes Care 31 (Suppl 2): S170-S180, 2008.

PAXINOS G, WATSON C: The Rat Brain in Stereotaxic Coordinates. Elsevier Academic Press, Amsterdam, 2005.

PETERSON JR, SHARMA RV, DAVISSON RL: Reactive oxygen species in the neuropathogenesis of hypertension.
Curr Hypertens Rep 8: 232-241, 2006.

RAKUSAN D, KUJAL P, KRAMER HJ, HUSKOVA Z, VANOURKOVA Z, VERNEROVA Z, MRAZOVA 1,
THUMOVA M, CERVENKA L, VANECKOVA I: Persistent antihypertensive effect of aliskiren is
accompanied by reduced proteinuria and normalization of glomerular area in Ren-2 transgenic rats. Am J
Physiol Renal Physiol 299: F758-F766, 2010.

SIES H: Glutathione and its role in cellular functions. Free Radic Biol Med 27: 916-921, 1999.

STULA M, PINTO YM, GSCHWEND S, TEISMAN AC, VAN GILST WH, BOHM M, DIETZ R, PAUL M:
Interaction of the renin-angiotensin system and the endothelin system in cardiac hypertrophy. J Cardiovasc
Pharmacol 31 (Suppl 1): S403-S405, 1998.

TEISMAN AC, PINTO YM, BUIKEMA H, FLESCH M, BOHM M, PAUL M, VAN GILST WH: Dissociation of
blood pressure reduction from end-organ damage in TGR(mREN2)27 transgenic hypertensive rats.
J Hypertens 16: 1759-1765, 1998.

VANOURKOVA Z, KRAMER HJ, HUSKOVA Z, CERVENKA L, VANECKOVA I: Despite similar reduction of
blood pressure and renal ANG II and ET-1 levels aliskiren but not losartan normalizes albuminuria in
hypertensive Ren-2 rats. Physiol Res 59: 339-345, 2010.



856 vokurkova et al. Vol. 64

VOKURKOVA M, RAUCHOVA H, REZACOVA L, VANECKOVA I, ZICHA J: ROS production is increased in the
kidney but not in the brain of Dahl rats with salt hypertension elicited in adulthood. Physiol Res 64: 303-312,
2015.

WHALEY-CONNELL AT, CHOWDHURY NA, HAYDEN MR, STUMP CS, HABIBI J, WIEDMEYER CE,
GALLAGHER PE, TALLANT EA, COOPER SA, LINK CD, FERRARIO C, SOWERS JR: Oxidative stress
and glomerular filtration barrier injury: role of the renin-angiotensin system in the Ren2 transgenic rat. Am J
Physiol Renal Physiol 291: F1308-F1314, 2006.

WHALEY-CONNELL A, HABIBI J, NISTALA R, COOPER SA, KARUPARTHI PR, HAYDEN MR, REHMER N,
DEMARCO VG, ANDRESEN BT, WEI Y, FERRARIO C, SOWERS JR: Attenuation of NADPH oxidase
activation and glomerular filtration barrier remodeling with statin treatment. Hypertension 51: 474-480, 2008.

WHALEY-CONNELL A, HABIBI J, WEI Y, GUTWEILER A, JELLISON J, WIEDMEYER CE, FERRARIO CM,
SOWERS JR: Mineralocorticoid receptor antagonism attenuates glomerular filtration barrier remodeling in the
transgenic Ren2 rat. Am J Physiol Renal Physiol 296: F1013-F1022, 2009.

ZHUO J, OHISHI M, MENDELSOHN FA: Roles of AT, and AT, receptors in the hypertensive Ren-2 gene transgenic
rat kidney. Hypertension 33: 347-353, 1999.





<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



