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Summary

Abstract (English)

lodinated contrast media exert toxic effects onseks Patients surviving subarachnoid
hemorrhage and vasospasm require angiographic eatams. We hypothesized that contrast
media influence cerebral blood flow autoregulatidn.test the hypothesis, we developed an
in vitro model of cerebral vasospasm. Rat superior cesebeliteries were isolated,

pressurized and studied under isobaric conditi@uagulated blood was used to simulate
hemorrhage, and the contrast medium was appliealuntinally. We found that exposition to

blood caused development of a stronger myogenie &md a decrease of the myogenic
response compared to control. The contrast medanio negative influence on myogenic
tone and myogenic response in our model of vasaspast subarachnoid hemorrhage. Thus,
this in vitro study suggests no severe impairment of cerebsdeldunction by iodinated

contrast media [P1].

Oxidative stress has been discussed as an impdadetor in the pathogenesis of contrast
media-induced acute kidney injury (CI-AKI). We posed increase of superoxide and
decrease of nitric oxide as consequences of cellaga caused by contrast media. We also
hypothesized that oxidative stress impairs tubwimgrular feedback. Rat thick ascending
limbs and rabbit juxtaglomerular apparatus werdated and perfused with the contrast

medium or vehicle. Oxidative stress and cell deatb were estimated by using fluorescence
methods. Tubuloglomerular feedback was measurdberdouble perfused juxtaglomerular

apparatus. We found an increased superoxide aedraabsed nitric oxide bioavailability, and

an increased cell death rate in contrast-perfubedk tascending limbs. Tubuloglomerular

response was enhanced in contrast-perfused juxtegldar apparatus. In conclusion,

application of the contrast medium directly indudetular cell death and local oxidative

stress, and modified tubuloglomerular feedback.s€éhderangements may play a role in CI-
AKI pathogenesis [P2].

Females are protected from cardiovascular everitgsebenenopause, suggesting sex related
differences in cardiovascular control. We testedl ltlgpothesis that renal vessels of female
and male mice differ in response to angiotensima linain player of renal perfusion control,

and checked a possible role of angiotensin Il @peceptors in this context. Our experiments

with isolated renal interlobar arteries mountedtl® wire myograph showed stronger
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contraction to angiotensin Il in males. Blockade afigiotensin 1l type 2 receptors
strengthened the contraction to angiotensin Il amifemales. Further investigations revealed
endothelial nitric oxide as the main mediator oésth events. The results suggest a nitric
oxide-mediated sex-specific action of angiotensinid angiotensin Il type 2 receptors in

renal interlobar arteries [P3].



Abstract (German)

Jodhaltige Kontrastmittel beeinflussen die Geféakfion Gber ihre toxischen Eigenschaften.
Da Patienten mit Subarachnoidalblutung und Geféspa angiographisch untersucht
werden mussen, haben wir einen moglichen Einfluss Kontrastmitteln auf die
Hirnarterienfunktion getestet. Daflr wurde @mvitro Modell des zerebralen Vasospasmus
entwickelt. Die Arteria cerebellaris superior deaitt® wurde isoliert, unter physiologischen
Druck gesetzt und unter isobarischen Bedingungediest. Geronnenes Blut wurde in das
GefalRbad eingebracht, um die Subarachbnoidalblumungimulieren. Das Kontrastmittel
wurde ins Gefal3lumen appliziert. Die Ergebnissgerei dass geronnenes Blut den myogenen
Tonus erhdht und die myogene Antwort beeintrachbgis Rontgenkontrastmittel hat keinen
negativen Einfluss auf den Tonus oder die myogemevért. Die Ergebnisse diesgr vitro
Studie zeigen keine wesentliche Beeinflussung denaterienfunktion durch jodhaltige
Kontrastmittel [P1].

Experimentelle und klinische Studien weisen daranf dass oxidativer Stress eine Rolle in
der Genese kontrastmittelinduzierten akuten Niezesagens (CI-AKI) spielen kann. Wir
priften die Hypothese, dass eine erhOhte Superomiintration und verringerte

Stickstoffmonoxidbioverfugbarkeit die Folge kontragtelinduzierter Zellzerstérung sind,

und dass oxidativer Stress tubuloglomerulare Swgegé stort. Der dicke aufsteigende Tell
der Henle-Schleife (Ratte) bzw. der juxtaglomemil@&pparat (Kaninchen) wurden isoliert
und mit Kontrastmittel perfundiert. Oxidativer Stseund Zellschadigung wurden unter
Anwendung von Fluoreszenz-Verfahren erfasst. Dielltaglomerulare Ruckkopplung wurde
mittels Doppelperfusion des juxtaglomerularen Appes gemessen. Das jodhaltige
Kontrastmittel lodixanol erhdhte die Superoxidkamzation, verminderte die

Stickstoffmonoxidbioverflugbarkeit und beschleunidén Epithelzelluntergang in dem dicken
aufsteigenden Teil der Henle-Schleife. Die tubuoggruldre Ruckkopplung wurde durch das
Kontrastmittel konzentrationsabhangig moduliert Marbindung mit oxidativem Stress und
Stickstoffmonoxidmangel an den GefalRen kann dies Yarminderung des renalen

Blutflusses und der Nierenfunktion bei CI-AKI beigen [P2].

Frauen vor der Menopause sind von kardiovaskul&emkheiten weniger betroffen als
Manner. Dies weist auf eine geschlechtspezifisceezKreislauf-Regulation, —Pathologie,
als auch Blutdruckregulation hin. Wir untersuchtgeschlechtsabhangige Antworten der

Arteria interlobares der Mausniere auf Angiotensin welches in der Regulation der
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Nierendurchblutung eine groRe Rolle spielt. Die niighen Arterien zeigten unter

isometrischen Bedingungen eine starkere Kontrakdarch Angiotensin Il im Vergleich zu

weiblichen GefalRen. Die Blockade des AngiotensinType-2-Rezeptors verstarkte die
Kontraktion durch Angiotensin Il nur bei weiblichéf@usen. Die Gefal3reaktivitat war bei
weiblichen Mausen starker vom Stickstoffmonoxid é@idudig als bei mannlichen Tieren. Wir
schlussfolgern, dass es eine Stickstoffmonoxid-itesite, geschlechtsspezifische,
Angiotensin ll-induzierte Gefal3dilatation via TypeRezeptoren gibt, welche Unterschiede in

der Nierenperfusion und damit in der Blutdruckregjoin verursachen kann [P3].



Introduction

My thesis is directed to vascular physiology. Dgrimy doctorate | studied function of
arterial vessels of the brain and the kidney. Irhesl techniques for their investigation
including dissection, mounting, performance of expents, data analysis, and data
interpretation. | isolated vessels of various sizesm different vascular beds of rats and mice.
The main methods of my work were (i) isometric stigation by using wire myograph, (ii)
isobaric investigation by using pressure myograpid &iii) isotonic investigation by using
microperfusion. The main focus of my studies wamvestigate the effects of iodinated
contrast media on vessel function. Contrast med& @mmonly used in clinics for the
diagnosis and treatment of vessel pathology, beir thpplication may induce critical
situations. The first article [P1] tests the hypesis that contrast media may worsen the
function of cerebral vessel with vasospasm. Thergkarticle [P2] is related to the contrast
media-induced acute kidney injury (CI-AKI). Sinbe word-number is limited in summary,
my first-author [P1] work about contrast media andrebral vasospasm will be primarily
discussed along with the CI-AKI, and less will btkéd about gender differences in renal

arterial function [P3].

Being very helpful for the clinical work, all coast media even of last generation possess
high biological insalubrity. Many investigations Vea been done to understand the
mechanisms behind contrast media-induced damagerécisely how contrast media harm
tissue is still not well understood. Previous gatiens of contrast media exerted their toxic
effects because of their high osmolality. Reductawdnthe osmolality and ionicity across
generations lowered the side effects, but contrastia still have toxic effects which impair

the function of renal vessels and vessels fromrothgcular beds (Sendeski, 2011).

It has been shown that the cerebral vasculature bmannfluenced by contrast media
(Rosengarten et al., 2003). Hence, the use of @sinimedia may be fatal for patients who
already have cerebral blood flow disturbances. Huafately, the literature is rare regarding
this important question. One of the most life-tie@ang brain diseases is subarachnoid
hemorrhage. This event goes along with impairedleatign of cerebral blood flow (Koide et
al., 2013). Cerebral vasospasm, which usually Walesubarachnoid hemorrhage, impairs
those patients who survived the first attack. Wpdtlyesized that contrast media application
in patients after subarachnoid hemorrhage may durttisturb cerebral blood flow
7



autoregulation and thus also determine the outaoinseibarachnoid hemorrhage. To test the
hypothesis, we developed amvitro model of acute subarachnoid hemorrhage and studied

vessel myogenic tone and myogenic response duoingast media application.

Indeed, the kidney is the most vulnerable orgarcémtrast media induced injuries. The main
factors in pathogenesis of CI-AKI are cytotoxicitgd high viscosity of contrast media of the
last generation, which cause a decrease of remflspen and glomerular filtration rate - a
hallmark of AKI. Along with chemical and mechanicffects of contrast media, there are
also auto- and paracrine derangements, such a&agert production of renal vasoconstrictors,
diminished nitric oxide bioavailability, and locekidative stress, playing a role in CI-AKI
development (Seeliger et al., 2012). We hypothésiz@®ur study that contrast media directly
damage cells of thick ascending limb of Henle’sgl@adependently of hypoxia and oxidative
stress, and that oxidative stress is rather a coesee of cell damage than its reason. We
also presume that the tubulo-vascular cross-tatkpgired in CI-AKI. Only few studies have
been performed to evaluate a potential role of tiheuloglomerular feedback in the
pathogenesis of CI-AKI, but they did not clarifyetizontribution of this mechanism to the
reduced glomerular filtration rate and renal pedns(Persson and Patzak, 2005). We
hypothesized that contrast media influence the lagbomerular feedback by inducing

oxidative stress in macula densa cells via toxiect$ on these cells.

Working with renal vessels, | also performed adbtexperiments with interlobar arteries.
Studies show that men have a higher risk for caedioular diseases than women. The
background of this important observation is notlwabwn. Since postmenopausal women’s
risk for developing cardiovascular diseases aralthireatening event approaches to that of
men, the sexual hormones may be important for tbeegtion (Dubey et al., 2002). How the
structure and function of the cardiovascular systeminfluenced by hormones is of large
interest. The kidney is integrated in several syst®f blood pressure control, where renal
blood flow and perfusion pressure are importanemheinants of kidney function. The renin-
angiotensin-system is one of the most powerfulesystfor the regulation of renal blood flow.
Gender differences in the component expression fandtion of this system have been
reported (Reckelhoff, 2001). We hypothesized thatéd is a gender difference in renal vessel
function which is related to the angiotensin Il ¢yp receptor (AJR). Thus, we studied the
angiotensin Il response of female and male micd,iavestigated the signalling pathways of

the angiotensin Il action.



Methodology

All animal handling and experiments were perfornme@ccordance to the guidelines of the

Office for Health and Social Matters of Berlin (Bey Germany).

Examination of vessel tone and myogenic responeerabral arteries

Adult male Sprague Dawley rats were anaesthetinddlacapitated. After craniotomy, brains
were removed and segments of superior cerebelianes were obtained. The arteries were
mounted on glass pipets of the pressure myograptgerimental chamber, perfused with
physiological saline solution (PSS) and pressuriidgther vehicle or a contemporary contrast
medium iodixanol (23 mg iodine/ml) was added to &S intraluminally. After mounting of

arteries, the intraluminal pressure of 80 mmHg masually installed [P1, Fig.1].

Subarachnoid hemorrhage was simulated using cdaduleat blood deployed in the
experimental chamber, which was then filled wittSRf#&fore mounting the dissected arteries.
There was no mechanical interaction between thgutated blood and the vessels. Thus, the
vessels were distributed in 4 experimental groups:with PSS inside of the vessel
(=intraluminally) and outside of the vessel (=iresidf the experimental chamber) 2) with
iodixanol intraluminally and PSS in the chamberP3&S intraluminally and with coagulated
blood in the chamber, 4) iodixanol intraluminallydacoagulated blood in the chamber [P1,
Tab.1].

Diameter of arteries was registered in a continuoasner over time using a video camera
assembled to an inverted microscope: 1) duringhae of initial stable intraluminal pressure

of 80 mmHg, while the vessels develop spontaneoweenic tone, and 2) during controlled

changes of intraluminal pressure in order to examiessels myogenic response (within 4
steps, each of 5 min: 1 step — from 80 to 40 mnfHgtep — from 40 to 80 mmHg, 3 step —
from 80 to 120 mmHg, 4 step — from 120 to 80 mmRy), Fig.2].

For statistics, two-way/repeated measurements ANQ@WYA Tukey HSD as a post hoc test
were used to analyse the myogenic tone. The myog@&siponse was analysed with the
Kruskal-Wallis and the Mann-Whitney-test. P valuaaler than 0.05 was considered as

statistically significant.



Investigation of contrast media effects in rendluies

To investigate the effect of contrast media on klfunction, the thick ascending limb of
Henle’s loop of Spraque-Dawley rats was disseateth the excised kidneys. The tubule was
mounted on concentric pipettes of a microperfusigstem, cannulated from the proximal end
and perfused with PSS.

Either vehicle or iodixanol (23 mg iodine/ml and/bt mg iodine/ml) was added to the
perfusate. Superoxide and nitric oxide bioavailgbiwas measured in thick ascending limbs
of Henle’'s loop by using fluorescence techniquasy@roethidium=DHE and 4-amino-5
methylamino-2’,7’-difluorofluorescein diacetate=DAfM, respectively). Pharmacological
interventions using the nitric oxide synthase iitbib (L-NAME) and the superoxide
dismutase mimetic (tempol) provided further infotima about the role of both signaling
systems. Propidium iodide and trypan blue were usemksess cell damage rate [P2, Fig.1,
Fig.2].

Measurement of tubuloglomerular feedback in juxdaggrular apparatus

The juxtaglomerular apparatus of New Zealand wtatsbits was dissected from the excised
kidneys. The distal tubule and its attached affesateriole were double cannulated and
simultaneously perfused with PSS, each with a §pemmposition, by using an arrangement

of concentric pipettes (microperfusion system).

Either vehicle or iodixanol (11 mg iodine/ml and 128 iodine/ml) was added to the perfusate
of the distal tubule. The tubuloglomerular feedbac&s estimated by measuring of an
absolute diameter of the afferent arteriole wheangmng the NaCl concentration of the
perfusate from 10 mM to 80 mM in the distal tubulempol was used in some experiments

with iodixanol of 11 mg iodine/ml.

For statistical analysis, ANOVA-like test for repeé measurements of non-parametric data
(Brunner's test) was used for all experiments. Revamaller than 0.05 was considered as

statistically significant.

Investigation of gender differences in renal inbedr arteries

Renal interlobar arteries were dissected from kdre adult male and female C57BL6 mice
and mounted in a wire myograph system. The expeatahe&hambers filled with PSS were

warmed up and supplied with carbogen. Vessels nemmalized and the maximal contractile
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function of interlobar arteries was checked by egagibn of 200mmol/l KCIl. The developed

force served as a reference value in the experiment

Concentration-response-curves were performed fgiotensin Il and phenylephrine in order
to evaluate constrictor properties of interlobateides. Dilatory properties of interlobar
arteries were examined by measuring concentragspense-curves for acetylcholine
(endothelium-dependent dilation) and sodium nitugpide (endothelium-independent
dilation). Incubation of vessels with of L-NAME wased to define the role of nitric oxide,
incubation with indomethacin — for the role of ay@kygenase 1 and 2 in the sex differences.
The effects of L-NAME on basal vessel tone wer@rmged. Incubation with the antagonist of
AT2R (PD123,319) was performed to test the influencthe AT.R on the sex differences.
Simultaneous incubation with L-NAME and PD123,31&swdone to clarify the role of nitric
oxide on the AIR vasodilatory function. The endothelium was rentbusing mice whiskers

to check the role of endothelium.

For statistical analysis, ANOVA-like test for repeé measurements of non-parametric data
(Brunner's test) was used for all experiments. Revamaller than 0.05 was considered as

statistically significant.
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Results

Contrast media did not influence the myogenic wingerebral vessels

Myogenic tone was expressed as a percent (%) ofimadxdiameter of the vessel and
reported as average and standard error of the (agarage+SEM) in the text.

Cerebral vessels of the control group developedypacadl spontaneous myogenic tone
(77.1+£1.2% of the maximal diameter). The contrastimm iodixanol did not influence the
myogenic tone of the control group (77.2+1.7%). &ipon of vessels to coagulated blood
significantly enhanced the myogenic tone of thetmbmgroup (65.7+2.0%) and of the vessels
treated with iodixanol (62.1+2.1%). lodixanol didtrchange the tone of vessels exposed to
blood [P1, Fig.3].

Contrast media did not worsen the myogenic respohserebral vessels

Myogenic response was quantified in micrometers)(asnan absolute change in the vessel
diameter after each controlled change of the imtn&thal pressure, and reported as medians in
the text.

Cerebral arteries of our control group demonstraiaunal myogenic responses, i.e. dilation
in response to decrease of the intraluminal pressamd constriction in response to the
pressure elevation (80-40 mmHg: 11.9 pm; 40—-80 mmigypum; 80-120 mmHg: 1.4 pum,;
120-80 mmHg: 0.6 um). Vessels treated with iodixatme did not have significant changes
in the myogenic response (80—-40 mmHg: 9.1 um; 40a@MHg: -9.3um; 80—-120 mmHg:
-0.1 um; 120-80 mmHg: 1.7 um), when compared tocti@rol group. Coagulated blood
caused a significant impairment of the myogenipoese in all steps of the control group
(80—-40 mmHg: -3.3 um; 40-80 mmHg: 1.7 um; 80-120Hgm10.9 um; 120-80 mmHg:
-6.4 um). However, treatment of vessels with iododadogether with coagulated blood caused
less functional impairment of the myogenic respasisene step of the protocol — when the
pressure was increased from 80-120 mmHg (1.1 pumS. um of its control — the blood
group). Responses to the other three pressure oiamgms did not significantly differ
compared to the blood alone treated vessels (8GwdBQ: -3.3 um; 40-80 mmHg: -1.1 um;
120-80 mmHg: -1.6 um) [P1, Fig.4].
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Contrast media caused oxidative stress and epahedil death in renal tubules

All values of the results in thick ascending limbHenle’s loop are expressed as % of the

baseline, and reported as average+SEM in the text.

Thick ascending limbs of Henle’s loop perfused walixanol of 23 mg iodine/ml showed a
significantly increased production of superoxide&s821.43%) compared to the control group
(1.72+1.01%), as well as compared to thick ascentimbs of Henle’'s loop perfused with
iodixanol at 11 mg iodine/ml (0.22+1.88%). Tempdlobshed the contrast media-caused
increase of superoxide (0.35£1.33%) [P2, Fig.3].

Thick ascending limbs of Henle’s loop perfused wiattlixanol of 23 mg iodine/ml showed a
significant decrease in nitric oxide bioavailalyili¢-0.55+0.64%) compared to the control
group (increase to 1.63+0.34%). L-NAME did not ughce the effect of iodixanol and the
response significantly differed from the controbgp (-0.29+0.76%) [P2, Fig.4].

Thick ascending limbs of Henle’s loop perfused wiattlixanol of 23 mg iodine/ml showed a

significant increase in propidium iodide fluorescenP2, Fig.5], as well as an increased
uptake of Trypan blue over time [P2, Fig.6], whempared with the control group. Tempol

did not influence the effect of iodixanol on cedladh rate.

Contrast media enhanced the tubuloglomerular feeklba

All values of tubuloglomerular feedback were expegsas an absolute change in the diameter
of the afferent arteriole in response to the ineeeaf the NaCl concentration in the distal

tubule, and presented as average+SEM in the text.

In our control experiments, the exchange of Na@lkeatration from 10 mM to 80 mM in the
distal tubule caused a constriction of the affeteriole by 2.8+04m. The lower dose of
iodixanol increased the tubuloglomerular feedbaskien applying 11mg iodine/ml, the
afferent arteriole constricted significantly strengn response to NaCl in comparison to
control (4.5£0.4m). The higher dose of iodixanol (23 mg iodine/miyl not significantly
change the control tubuloglomerular response (2340) [P2, Fig.7]. Tempol prevented the
effect of iodixanol on the tubuloglomerular feedba¢l.8+0.6um for tempol alone,

1.5£0.6um for tempol + iodixanol 11mg iodine/mIR[AFig.8].
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Gender differences in renal interlobar arteries

All values of interlobar arteries responses weneressed as % of maximal KCI contraction,

and reported as averagexSEM in the text, if noraitaed.

Contractions to KCI (7.2+0.7 and 7.0+0.4 millinewso for female and male mice,
respectively) and to phenylephrine [P3, Fig.2] sedwimilar behavior in vessels of females
and males. Angiotensin Il caused more pronouncedtdotion of male interlobar arteries
than females [P3, Fig.1]. Arteries of females amala®s showed a concentration-dependent

response to angiotensin Il and phenylephrine.

Treatment with L-NAME and mechanical removal of etilium significantly enhanced
responses to angiotensin Il of both groups sinyilaflhe basal vessel tone was slightly
enhanced by L-NAME application also in both gro@p<2+1.6% for females and 5.3+0.8%
for males). Application of the AR antagonist increased contraction to angioterisanly in
female mice, i.e. the inhibition with PD123,319 k&lwed the sex differences in the
angiotensin Il response. Application of L-NAME amD123,319 together increased the
angiotensin Il concentration response curve aldg ionfemales, and the curve was similar
when applying L-NAME alone. In males, applicatidnR>123,319 alone or together with L-
NAME did not change the response to angiotengiR3] Fig.3].

Interlobar vessels from male mice showed a stronglaxation to acetylcholine than from
females. Application of L-NAME diminished the re&tion to acetylcholine in both females
and males, showing more pronounced effect in fesn@pplication of indomethacin did not
significantly change the acetylcholine responsd, suppressed the sex difference in the
acetylcholine response of the control group [P8,4fi Relaxation to sodium nitroprusside

showed no difference between arteries of the twops [P3, Fig.5].
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Discussion

The effects of contrast media on cerebral and reaatulature

The main aim of my thesis was to ascertain whetherontemporary contrast medium
iodixanol could influence the function of cerebaald renal vessels. To answer the question,
spontaneous myogenic tone and myogenic response measured in isolated cerebral
vessels during contrast media application in norowaditions and in am vitro model of
cerebral vasospasm post subarachnoid hemorrhagiee kidney, the tubulo-vascular cross-
talk was of interest. Therefore the renal tubuldt state and the tubuloglomerular feedback

were investigated during application of the corttrasdium.

The autoregulation is a very powerful mechanisncérebral blood flow control. Bayliss was
the first who described myogenic response: it ialaitity of arteries to respond to an increase
of pressure (“stretching force”) by contractiondda a decrease of pressure by dilation, given
that the vessels are in a state of myogenic toaglig, 1902).

We found, that iodixanol did not exert clear negateffects on the myogenic response of
cerebral vessels under control conditions as veelh aessels where vasospasm was simulated
by using coagulated blood. This is an importandifig, since it has been shown that contrast
media can disturb regulation of the dynamic cedebtaod flow in healthy individuals
(Rosengarten et al., 2003). Further, patients sumyi subarachnoid hemorrhage have an
already impaired cerebral blood flow regulationd dheir treatment and diagnostic require
application of contrast media. Importantly, in axperiments coagulated blood caused a
significant derangement of the entire myogenic @easp in comparison to control cerebral
vessels. In other words, when increasing the imnatal pressure, the spastic vessels showed
dilation instead of constriction, and the vesselsstricted in response to a pressure drop. We
suppose that this phenomenon reflects the cliegi@lence of deranged regulation of cerebral
blood flow after hemorrhage. Cerebral vasospasnchvigievelops within few days after
subarachnoid hemorrhage usually worsens the dipicture of the disease (Kellner et al.,
2012). This agrees with our observation that theselks exposed to coagulated blood develop
a significantly more pronounced spontaneous myageane than the control vessels.
lodixanol did not influence the development of thgogenic tone in both control and as well

as in spastic vessels.
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Thus, contrast medium did not negatively influenkbe vascular tone and the myogenic
response of cerebral vessels in our model. Rattegn switching the intraluminal pressure
from 80 to 120 mmHg, the vessels which were treatediltaneously with coagulated blood
and iodixanol showed less functional impairmenmtliae vessels exposed to blood alone.
Since the toxic effects of all types of contrastdieon vessels are well known, we do not
believe in a real improvement. This effect mightduge to a loss of vessel wall elasticity or
reduction of nitric oxide bioavailability becausiesevere endothelial damage (Sendeski et al.,
2012). 1t is considered that the myogenic respodses not require the presence of
endothelium, but it still can be modulated by wixide (Schubert and Mulvany, 1999). Our
observations in renal vessels, which are discuss®dw, also demonstrate endothelial
destruction and reduction of nitric oxide bioavhildy by the contrast medium and, in this

way, augments the possibility for our cerebral gest be damaged by iodixanol.

It has been recently shown, that most types ofmimtgid contrast media have similar severe
toxic impact on cells. This property is very pos$gikelated to iodine, a component which
provides their radio-opacity (Sendeski, 2011). Dimeontrast media of the last generation
have a high viscosity, what may cause the reduatiorenal blood and tubular flow, and
glomerular filtration rate. Contrast media direatlpuses apoptosis and cell lesion of tubular
epithelial cells and endothelium of afferent adkriand vasa recta. Low glomerular filtration
rate results in a longer contact between contraslianand the tissue, what in turn aggravates
contrast media induced damage. As a consequenepitbElium damage, vessels constrict,
causing medullar hypoperfusion and pronouncingstiféering of tubules. Disbalance in the
production of auto- and paracrine factors, suclklexseased nitric oxide bioavailability and
increased superoxide release, play a final aceothda cascade development of the medullary

hypoxia (Persson et al., 2005).

We found that superoxide concentration is signifiyaincreased in the thick ascending limb
of Henle’s loop when perfused with iodixanol. Iresed superoxide concentration in CI-AKI
has been related to hypoxia (Heyman et al., 20d0)vever, ourin vitro model excludes

hypoxia as a reason for oxidative stress, becausgeo partial pressure was within
physiological level in our experiments. It is, thiere, very likely that the superoxide
concentration in the tubules was increased duleetdaxic effect of iodixanol on the epithelial
cells. Oxidative stress seems to be the resulnbtuithe reason for cell damage in CI-AKI.
This may explain why some clinical studies did sbhbw beneficial effects of antioxidant

treatment (Stacul et al., 2011). Increased medsligeroxide production may have serious
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consequences, because superoxide enhancedradesport and NaK*-Cl* co-transporter

function, and diminishes nitric oxide productiont fe same time we have observed
decreased nitric oxide in our experiments, and #ggravates the derangement of ionic
transport, because nitric oxide antagonizes supmoxfluence and regulates other ionic

channel permeability.

Along with increased superoxide production, aneased cell death rate was demonstrated in
our thick ascending limb of Henle’s loop, when esga to higher concentration of iodixanol.
However, tempol did not influence the effect ofii@hol. This also supports the idea that the

epithelial cell damage goes independently from abhe stress.

We found that iodixanol enhances the constrictibrafterent arterioles in response to an
increase of NaCl concentration in the distal tubatdy at the concentration of 11mg
iodine/ml, but not at 23mg iodine/ml. Thus, the ttast medium can strengthen the
tubuloglomerular feedback in our model. Further, faend that the application of tempol
suppressed the constrictor effect of contrast nmedauggesting superoxide as the main actor
in the enhanced feedback. This result confirms fnaling of an increased superoxide
concentration in isolated tubules due to contrastliom application. Interestingly, only the
lower concentration of iodixanol caused the enhdriabuloglomerular feedback, whilst only
the higher concentration of iodixanol induced okida stress in the thick ascending limb of
Henle’s loop experiments. The differences in thacemtration dependency of the contrast
medium effects may be caused by the use of diffeaaimal species (rat vs. rabbit) and/or
different anatomical and physiological conditiombe loss of the increased tubuloglomerular
feedback when applying 23mg iodine/ml of iodixanompared to 11mg iodine/ml might be
the result of a severe damage of macula densavaétidess production of superoxide.

In conclusion, contrast media did not show negatifleence on the myogenic response and
the myogenic tone of healthy and spastic cerelaséels in our model of cerebral vasospasm
post subarachnoid hemorrhage. However, contrasianealised direct cell destruction of
renal tubular epithelium, which led to oxidativeess and low nitric oxide bioavailability
independently of hypoxia and hypoperfusion, andudied renal tubuloglomerular feedback
of the juxtaglomerular apparatus. These appareothyradictory findings may have the same
background, considering different functional andatamical characteristics of the
experimental settings. Therefore, drawing conclusfor the medical practice requires
additional studies on the effects of contrast meadizessels and their underlying mechanisms.

17



Gender differences in renal interlobar arteries

The results of this study show that interlobarregtefrom male mice have a greater response
to angiotensin Il. In contrast, the same vessels riit reveal any gender differences in
response to phenylephrine and KCI. Thus, we preghatethe sex differences are related to
angiotensin Il signaling pathways, where nitricdexis considered to play a determining role
and to balance the constrictor property of angwitefl (Walsh et al., 2009). After exposition
to L-NAME, the vessels from female and male enhdrtbeir constriction to angiotensin II,
and, eventually, lost the sex difference which thag in response to angiotensin Il alone.
This suggests that female vessels have a gregbendency on nitric oxide than the males.
Angiotensin |l acts on two types of receptors: ategisin 1l type 1(AT1R) which mainly
mediates vessel constriction, and2RTwhich is liable for vessel dilation (Patzak aretd3on,
2007). After blockade of the AR, only the vessels from females showed a stronger
constriction to angiotensin Il compared to the oointThe baseline effects of L-NAME
without angiotensin Il application showed no seffedences in nitric oxide bioavailability.
Thus, we can assume, that the lower contracticentpotensin Il of females is related to a
higher nitric oxide production by endothelium.

Our results show that nitric oxide is also the maiadiator of the acetylcholine induced
dilation in renal interlobar arteries. Indomethadid not affect the acetylcholine response
significantly, which indicates no important contrilon of COX-dependent pathways to the
dilatory response. The absence of gender diffesennedilatory responses to sodium
nitroprusside suggests that the observed sex elifters in response to angiotensin Il are not
related to the functional changes of vascular smouotscle cells or vessel remodeling.

Rather, they are due to the differences in the natial nitric oxide bioavailability.

In conclusion, our results show gender differenicethe angiotensin Il response of renal
interlobar arteries of the mouse, which are relébeithe release of endothelial nitric oxide via
activation of ALR. They may influence kidney perfusion and, in they, play a role in the

gender differences of blood pressure regulation.
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