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 Effects of N-Acetylcysteine on
Renal Hemodynamics in Contrast
Media-Induced Nephropathy 
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Peter Schnuelle    Urs Benck    Rainer Birck    Bernhard K. Krämer    Uwe Göttmann  

 Fifth Medical Department, Nephrology/Endocrinology/Rheumatology, University Medical Center Mannheim, 
University of Heidelberg,  Mannheim , Germany 

a nonionic, low-osmolar (IOH) radiocontrast agent induce 
marked changes in renal hemodynamics in salt-depleted rats 
treated with indomethacin.  Conclusions:  Renal perfusion is 
not affected by NAC application in a model of experimental 
contrast nephropathy in rats. Other effects of NAC might 
thus account for the presumed renoprotective properties. 

 Copyright © 2011 S. Karger AG, Basel 

 Introduction 

 The term contrast media nephropathy is widely used 
to refer to the reduction in renal function induced by ra-
diocontrast media. It is generally defined as an impair-
ment in renal function (increase in serum creatinine by 
more than 25% or at least 0.5 mg/dl) occurring within 3 
days following the intravascular administration of con-
trast media and the absence of alternative etiology  [1] . 
Patients at increased risk include those with congestive 
heart failure, renal impairment, and diabetes mellitus, es-
pecially in combination  [2] . It is associated with extended 
hospital stays as well as increased morbidity and mortal-
ity  [3–7] . Although the pathogenesis of contrast media 
nephropathy is incompletely understood, reduced syn-
thesis of prostaglandin and NO, alteration of renal hemo-
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 Abstract 

  Background:  N-acetylcysteine (NAC) has been proposed
 to prevent radiocontrast nephropathy in high-risk patients. 
 Methods:  The effect of single-dose and prolonged adminis-
tration of NAC before application of either the ionic, high-
osmolar radiocontrast agent diatrizoate sodium (DTZ) or the 
nonionic, low-osmolar radiocontrast agent iohexol (IOH) in a 
rat model combining uninephrectomy, salt depletion, and 
administration of indomethacin was explored. Arterial blood 
pressure and total, cortical, and medullary blood flow were 
continuously recorded in anesthetized Sprague-Dawley rats. 
 Results:  NAC had no effect on renal hemodynamics in con-
trol rats. Both DTZ and IOH induced biphasic changes in renal 
blood flow and cortical renal blood flux and persistently re-
duced medullary blood flux. Neither single-dose nor pro-
longed administration of NAC prevented the hemodynamic 
changes following administration of DTZ or IOH, respectively. 
Acute prophylactic administration of NAC prevented in-
creased urinary ET excretion after injection of IOH and, to a 
smaller degree, of DTZ. Both an ionic, high-osmolar (DTZ) and 
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dynamics resulting in medullary ischemia, and genera-
tion of reactive oxygen species leading to renal tubular 
toxicity seem to play a role  [8, 9] . Several approaches to 
prevent contrast nephropathy have been reported, in-
cluding calcium-channel blockers, theophylline, dopa-
mine, and endothelin receptor antagonists, without ma-
jor success  [10] . At present, prophylactic treatment re-
gimes, mainly including hydration with isotonic saline or 
bicarbonate and premedication with NAC prior to the ap-
plication of radiocontrast medium, have been reported to 
ameliorate contrast media-induced nephropathy  [11–16] . 
Regarding premedication with NAC, most meta-analyses 
of these rather heterogeneous studies showed that NAC 
significantly reduces the risk of contrast media-induced 
nephropathy  [17–19] .

  Besides this beneficial effect on contrast media-in-
duced nephropathy, NAC has been shown to attenuate 
ischemic renal failure  [20]  and to prevent gentamicin and 
cyclosporine nephrotoxicity in experimental animals  [21, 
22] . The nephroprotective properties have been attributed 
to the scavenging of reactive oxygen species, either direct-
ly or indirectly via improvement of the intracellular anti-
oxidative status  [23] . In addition, NAC ameliorates renal 
vasoconstriction induced by the radiocontrast agent io-
thalamate, an effect that seems to be mediated by mecha-
nisms other than nitric oxide and prostaglandins  [24] . 
The molecular mechanisms responsible for the vasodila-
tory effects of NAC remain uncertain. Endothelin-1 (ET-
1), one of the most potent endogenous vasoconstrictors, is 
released from renal tubular cells upon exposure to the ra-
diocontrast agents iohexol or diatrizoate  [25] . In dogs with 
pacing-induced heart failure, significant increases in both 
plasma and urinary ET were observed during and after 
intravenous radiocontrast administration  [26] . However, 
a possible influence of NAC pretreatment on renal ET re-
lease has thus far not been studied.

  Therefore, the aim of the present study was to inves-
tigate the influence of treatment with NAC prior to
the administration of either the ionic, high-osmolar ra-
diocontrast agent osmodiatrizoate sodium (DTZ) or 
 the non-ionic, low-osmolar radiocontrast agent iohexol 
(IOH) on renal hemodynamics and urinary ET excretion 
in rats.

  Materials and Methods 

 All procedures were performed according to the ‘Guide for the 
Care and Use of Laboratory Animals’ published by the National 
Academy of Sciences and were approved by the local authorities 
(Regierungspräsidium Karlsruhe). Experiments were performed 

in male Sprague-Dawley rats weighing between 250 and 350 g. 
Animals were kept under standard conditions. A previously de-
scribed rat model combining uninephrectomy, salt depletion, and 
administration of indomethacin, leading to increased ischemic 
susceptibility of the renal medulla  [27, 28] , was chosen to inves-
tigate the influence of contrast media application on renal he-
modynamics. 3 weeks prior to contrast media application, rats 
underwent right-sided nephrectomy. One week prior to contrast 
media application, salt depletion was achieved by three daily fu-
rosemide injections (2 mg/kg/i.p.) followed by a sodium-deficient 
diet (NaCl  ! 0.008%) for 1 week. Sodium depletion was used to 
aggravate the hemodynamic changes induced by indomethacin 
and contrast media application by stimulating the renin-angio-
tensin system via the ‘tubular glomerular feedback’ loop.

  Hemodynamic Studies 
 On the day of the experiments, animals were anesthetized with 

Inactin �  (100 mg/kg i.p.) and placed on a heating table to keep their 
body temperature constant. Arterial and venous catheters (PE 50 ) 
were inserted into the femoral vessels and external jugular vein. 
Indomethacin (Sigma Chemical Co., St. Louis, Mo., USA) was ad-
ministered as a single intravenous bolus injection (5 mg/kg KG)
1 h before the start of the hemodynamic measurements. An intra-
venous infusion of isotonic saline with albumin at a concentration 
of 5 g/dl was then commenced at a rate of 3 ml/h throughout all 
experiments. Measurement of mean arterial blood pressure (MAP) 
was performed via the arterial line with a Statham pressure trans-
ducer P23Db and a Gould pressure processor and continuously 
monitored. An ultrasonic transit-time flow probe (1RB, Transonic 
Systems Inc., Ithaka, N.Y., USA) was placed around the left renal 
artery for measurement of renal blood flow (RBF). The signals were 
transmitted to a transit time flowmeter (T106, Transonic Systems). 
The left kidney was exposed by a left subcostal flank incision and 
immobilized in a plastic cup with its dorsal side up and embedded 
in cotton wool soaked in saline. For determination of cortical 
blood flux (CBF), a blunt superficial laser Doppler probe (P10B 
Prisma, Moore Instruments Ltd., Fa. Lawrenz, Sulzbach, Germa-
ny) was placed on the kidney surface and covered by body warm 
mineral oil. Outer medulla blood flux (MBF) was measured by in-
serting a fine needle laser Doppler probe (P10B Prisma, Moore In-
struments) into the outer medulla. Both probes were mounted on 
micromanipulators to avoid movement artifacts. The signals of the 
two probes were transmitted to a laser flowmeter (MBF 3D, Moore 
Instruments). Validation of the transit time and laser Doppler 
methods are given elsewhere  [29, 30] . The correct positioning of the 
medulla probe within the outer medulla was assured macroscopi-
cally at the end of each experiment. The urinary bladder was can-
nulated through a small abdominal incision to obtain urine sam-
pling for creatinine, sodium and ET-1. After the surgical pro ce-
dure, a 30–60-min equilibration time was allowed to reach baseline 
values. Hemodynamic responses to DTZ, an ionic, high-osmolar 
contrast agent (370 mg J/ml; Peritrast � ; Dr. Köhler AG, Germany), 
and to IOH, a nonionic, low-osmolar agent (350 mg J/ml; Omni-
paque � ; Schering AG, Germany), injected intra-arterial as a bolus, 
were then recorded in the different experimental groups:

   Group 1 (VEH; n = 10).  Animals received isotonic saline (i.v.) 
as vehicle at 0 and 5 min.

   Group 2 (NAC; n = 7).  Animals received NAC (300 mg/kg i.v.) 
at time 0 and isotonic saline as vehicle at time 5 min to evaluate 
the hemodynamic effects of NAC given alone.
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   Group 3 (DTZ; n = 7).  Animals received isotonic saline as ve-
hicle at time 0 and DTZ (5 ml/kg i.a.) at time 5 min.

   Group 4 (NAC + DTZ; n = 7).  Animals received NAC (300 mg/
kg i.v.) at time 0 and DTZ (5 ml/kg i.a.) at time 5 min.

   Group 5 (IOH; n = 7).  Animals received isotonic saline at time 
0 and IOH (8.2 ml/kg i.a.) at time 5 min.

   Group 6 (NAC + IOH; n = 7).  Animals received NAC (300 mg/
kg i.v.) at time 0 and IOH (8.2 ml/kg i.a.) at time 5 min.

  To evaluate the potential effect of a prolonged pretreatment of 
NAC, starting two days prior to the administration of radiocon-
trast media, three additional groups were studied:

   Group 7 (cNAC; n = 7).  Animals received an intraperitoneal 
injection of NAC (300 mg/kg) twice daily on days –2 and –1. On 
day 0, isotonic saline as vehicle was administered, and hemody-
namic response recorded, as described above.

   Group 8 (cNAC + DTZ).  Animals received an intraperitoneal 
injection of NAC (300 mg/kg) twice daily on days –2 and –1, fol-
lowed by the i.a. application of DTZ, as described above.

   Group 9 (cNAC + IOH).  Animals received an intraperitoneal 
injection of NAC (300 mg/kg) twice daily on days –2 and –1, fol-
lowed by the i.a. application of IOH, as described above.

  All the above-mentioned parameters were continuously re-
corded with a multi-channel Gould Brush 2600 recorder for 30 
min following administration of NAC, contrast media, or isoton-
ic saline, respectively. Before and after the hemodynamic studies, 
urine samples were collected for measurement of ET (ET-1). Ani-
mals were sacrificed at the end of the experiments. Values are 
given as changes from baseline in percent.

  Urinary Endothelin Measurement 
 After acidification and extraction of ET on C18 columns, ET 

concentration in urine was determined by radioimmunoassay 
with an anti-ET antibody and  125 I-ET (Nichols Institute Diagnos-
tics B.V., Wychen, The Netherlands).

  Data Calculation and Statistical Evaluation 
 Data are reported as means  8  SEM. Statistical evaluation of 

the data was performed by using the statistical program package 
StatsDirect (version 2, 2, 4). We used analysis of variance with 
Bonferroni correction for multiple comparisons of means among 
groups and the paired t test for comparisons within groups. Dif-
ferences between the means were considered to be significant at 
 p  !  0.05.

  Results 

 There was no significant difference in mean arterial 
pressure (MAP) in rats treated with single or prolonged 
administration of NAC (median 104 mm Hg, data not 
shown). Baseline renal blood flow (RBF) was not different 
between the groups (median 8.1 ml/min). Administra-
tion of DTZ and IOH resulted in a significant increase of 
RBF at 5 min (DTZ +12%, p  !  0.05; IOH +21%, p  !  0.05), 
compared to baseline ( fig. 1 ,  2 ). After the initial increase, 
RBF dropped in the DTZ group and remained below 
baseline values throughout the experiment (DTZ –17% 

after 25 and 30 min, p  !  0.05), whereas in IOH-treated 
animals no significant decrement after application could 
be observed, when compared to baseline. This decrement 
of RBF was significantly more pronounced after DTZ 
compared to IOH at 15, 20 and 25 min.

  Administration of DTZ and IOH was followed by a 
biphasic change in CBF ( fig. 1 ,  3 ). Five minutes after ap-
plication CBF was increased (DTZ +12%, p  !  0.05; IOH 
+6%, p  !  0.05) as compared to baseline values. During the 
next 25 min, a mild decrement in CBF was observed. 
Only in the DTZ group CBF remained depressed up to 20 
min after contrast application.

  In contrast to total and cortical blood flux, both DTZ 
and IOH led to a monophasic decrease in medullary 
blood flow (MBF) ( fig. 1 ,  4 ). The maximum reduction in 
MBF occurred after 10 min (DTZ –21%, p  !  0.05, IOH 
–19%, p  !  0.05). MBF remained decreased till the end of 
measurement in the DTZ group. In the IOH-treated 
group, the significant decrease lasted until 25 min after 
application. Effects on MBF were not statistically differ-
ent between DTZ and IOH.

  The acute administration of NAC had no effect on re-
nal hemodynamics (group 2, data not shown). In addi-
tion, the biphasic response seen after the administration 
of DTZ and IOH was not affected by a single dose of NAC. 
Likewise, the effect of DTZ and IOH on cortical and med-
ullary blood flux was not modulated by NAC pretreat-
ment. 

  The calculated vascular resistances did not indicate a 
change in vascular tone of macro- or microvasculature 
after the acute administration of NAC. Prolonged ad-
ministration of NAC did not alter renal hemodynamic in 
the DTZ and IOH groups ( fig. 2–4 ). Absolute changes of 
RBF, CBF and MBF are depicted in  figure 5 .

  There was no significant difference in urine flow. Uri-
nary excretion of ET-1 was significantly increased after 
IOH and DTZ administration (p  !  0.05) ( fig. 6 ). Single-
dose NAC pretreatment significantly decreased urinary 
excretion of ET in the IOH group (p  !  0.05). In the DTZ 
group a slight, though not significant decrease was ob-
served (p  6  0.29). Prolonged administration of NAC, on 
the other hand, had no influence on urinary excretion
of ET.

  Discussion 

 This study demonstrates that the ionic, high-osmolar 
DTZ and the nonionic, low-osmolar IOH induce compa-
rable, long-lasting changes in renal hemodynamics in 
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  Fig. 1.  Renal, cortical and medullary blood flow after i.a. application of DTZ (5 ml/kg) or IOH (8.2 ml/kg) on 
the left side and after i.v. application of NAC (300 mg/kg) followed by i.a. application of DTZ (5 ml/kg) or IOH 
(8.2 ml/kg) after 5 min on the right side.  §  Significant difference compared to baseline.  *  Significant difference 
IOH compared to DTZ (p  !  0.05). 
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salt-depleted rats treated with a cyclo-oxygenase inhibi-
tor. In contrast to total and cortical blood flow, which 
exhibited a biphasic change upon challenge with the con-
trast media, medullary blood flow was markedly and per-
sistently depressed after administration of DTZ or IOH. 
Neither single-dose nor prolonged administration of 
NAC was able to prevent microcirculatory changes after 

exposure to contrast agents. A pathogenic role of ET for 
contrast-induced hemodynamic changes is not support-
ed by the present findings, as high-dose pretreatment 
with NAC prevents increased urinary ET secretion, with-
out affecting renal perfusion.

  A reduction in renal medullary perfusion caused by a 
direct vasoconstrictive effect of contrast media and tox-
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  Fig. 2.  Maximal changes in renal blood flow 5, 15 and 30 min af-
ter i.a. application of DTZ (5 ml/kg) or IOH (8.2 ml/kg) and after 
i.v. application of saline (saline), after i.v. application of 300 mg/
kg NAC (NAC acute) followed by DTZ or IOH and after prolonged 
(NAC chronic) i.p. application of NAC (300 mg/kg b.i.d.) over 2 
days followed by DTZ or IOH. No significant difference. 
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  Fig. 3.  Maximal changes in cortical blood flow 5, 15 and 30 min 
after i.a. application of DTZ (5 ml/kg) or IOH (8.2 ml/kg) and ap-
plication of saline (saline), after i.v. application of 300 mg/kg NAC 
(NAC acute) followed by DTZ or IOH and after prolonged (NAC 
chronic) i.p. application of NAC (300 mg/kg b.i.d.) over 2 days fol-
lowed by DTZ or IOH. No significant difference (p  1  0.05). 



 Krzossok et al.  Kidney Blood Press Res 2011;34:125–134 130

ic effects on the tubular cells are generally regarded as 
the main pathogenic factors underlying radiocontrast 
nephropathy  [9, 31–33] . Improving renal hemodynamics 
may thus be able to prevent renal functional deteriora-
tion after administration of iodinated contrast media. 
NAC, a small molecule with potent antioxidant proper-
ties, has been shown to exert vasodilatory effects. Cone-

sa et al.  [34]  studied NAC in acute renal failure induced 
by inferior vena cava occlusion, a model that causes re-
duced medullary blood flow. They found that NAC re-
duced outer medullary vasoconstriction, thus improving 
blood flow and recovery of renal failure. Furthermore, 
NAC showed protective effects on the extent of renal fail-
ure induced by inferior vena cava occlusion  [20] . In a re-
cent study, Heyman et al.  [24]  investigated the hemo-
dynamic effects of NAC in rats given radiocontrast me-
dia. After intravenous administration of NAC, renal va-
soconstriction induced by radiocontrast was partially 
 reversed. The authors concluded that NAC has an im-
portant vasodilatory effect in the preconstricted renal 
vasculature. Taken together, these studies provide pre-
liminary evidence that NAC is a vasodilatory agent that 
may protect against vasoconstriction in certain forms of 
renal disease.

  However, the experimental setting chosen by Heyman 
et al.  [24]  does not reflect clinical reality, e.g. NAC is ad-
ministered before contrast agents are given for diagnostic 
purposes. In the study by Heyman et al.  [24] , the effects 
of NAC were determined in rats pretreated with radio-
contrast medium. The present study was therefore de-
signed to investigate whether the acute or chronic admin-
istration of NAC prior to application of contrast media 
prevents hemodynamic deterioration in rat kidneys. As 
described in previous reports, administration of radio-
contrast resulted in a biphasic change of total and cortical 
blood flow, characterized by a transient vasodilatation 
followed by a prolonged vasoconstrictor response  [35, 36] . 
In contrast, medullary blood flow was markedly and 
 sustained decreased immediately after application of 
DTZ and IOH. Overall, the hemodynamic response to 
the nonionic, low-osmolar contrast medium IOH was less 
pronounced compared to the ionic, high-osmolar con-
trast medium DTZ. Several reports have reported a high-
er incidence of radiocontrast nephropathy in patients 
 given ionic, high-osmolar contrast agents  [37, 38] . Inter-
estingly, NAC seems equally effective in preventing re-
nal functional deterioration, independent of the contrast 
agent used  [39] .

  We found no evidence for a significant vasodilatory 
effect of pretreatment with NAC. The renal vascular re-
sistance was calculated and no difference was found be-
tween the animals pretreated with NAC compared to 
those receiving no pretreatment. This observation is in 
opposition to previous reports, where interactions with 
the renin-angiotensin system  [40]  and the formation of 
nitric oxide  [20, 34, 41]  were believed to be responsible for 
the hemodynamic effects of NAC. Heyman et al.  [24]  
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  Fig. 4.  Maximal changes in medullary blood flow 5, 15 and 30 min 
after i.a. application of DTZ (5 ml/kg) or IOH (8.2 ml/kg) and af-
ter i.v. application of saline (saline), and after i.v. application of 300 
mg/kg NAC (NAC acute) followed by DTZ or IOH, and after pro-
longed (NAC chronic) i.p. application of NAC (300 mg/kg b.i.d.) 
over 2 days followed by DTZ or IOH. No significant differences 
(p  1  0.05). 
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  Fig. 5.  Absolute changes in renal, cortical and medullary blood 
flow after i.a. application of DTZ (5 ml/kg) or IOH (8.2 ml/kg) 
and after i.v. application of saline (DTZ-saline, IOH-saline), and 
after i.v. application of 300 mg/kg NAC followed by DTZ or IOH 

(DTZ-NAC acute, IOH-NAC acute), and after prolonged i.p. ap-
plication of NAC (300 mg/kg b.i.d.) over 2 days followed by DTZ 
or IOH (DTZ-NAC chronic, IOH-NAC chronic). For readability, 
significant changes are shown in figure 1.   
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could show that the strongest vasodilatory effect of NAC 
was noted in animals with the most intense renal vaso-
constriction; no effects were found in intact animals. 
They confirmed that NAC could partially reverse renal 
vasoconstriction induced by radiocontrast and angioten-
sin II, or during the inhibition of renal prostaglandin or 
NO production. Moreover, their study indicated that re-
nal vasodilation may be mediated through mechanism 
other than NO and prostaglandins. Nitescu et al.  [42]  
could not show an effect of NAC on renal hemodynamics 
in early ischemia-reperfusion injury in rat, but renal in-
jury caused by arterial clamping was more severe than in 
the model chosen by Heyman. In an experimental model 
for prevention of renal tubular vacuolization after ad-
ministration of IOH, no beneficial effect of NAC could
be observed  [43] .

  A limitation of our study is that we did not perform 
 a dose-response analysis of NAC pretreatment, but the 
dose used in the acute model was even higher than in 
other studies  [20, 34] .

  Most clinical trials and meta-analyses reporting on 
the beneficial effects of NAC in preventing radiocontrast 
nephropathy used serum creatinine as a surrogate end 
point of their trials, as changes in serum creatinine are 
thought to reflect the extent of renal injury as primary 
outcome. A recent study has shown that NAC adminis-
tration in healthy volunteers decreases serum creatinine 
and increases GFR without any effect on cystatin C levels, 
questioning the positive results observed in clinical trials 
using serum creatinine as a surrogate marker for renal 
function  [44] .

  ET is one of the most potent endogenous vasocon-
strictors on a molar basis  [45] . Several reports have docu-
mented a renal release of ET by radiocontrast agents and 
induction of medullary hypoperfusion and hypoxia via 
vasoconstrictory ET-A receptors  [26, 46, 47] . In experi-
mental animal models, radiocontrast-induced renal 
damage could be prevented by the administration of both 
selective ET-A receptor and combined ET-A/B receptor 
antagonists  [48, 49] . We found that NAC pretreatment, in 
the acute setting, prevented renal ET excretion after ad-
ministration of IOH and, to a lesser degree, DTZ, without 
any effects on renal hemodynamics. Taken together, our 
findings strongly argue against a significant role of the 
ET system in the hemodynamic changes induced by ra-
diocontrast agents. In a randomized clinical trial, Wang 
et al.  [50]  could not demonstrate a beneficial, but rather a 
deleterious effect of the nonselective ET receptor blocker 
SB 290670 on renal function after administration of con-
trast medium.

  Besides influence on renal microcirculation, toxic and 
pro-oxidative effects on renal tubular cells are generally 
accepted as the main factors in the pathophysiology of 
contrast medium-induced nephropathy. Hypertonicity 
of contrast agents led to renal tubular apoptosis in vivo 
and in vitro  [51, 52] . NAC failed to attenuate the radio-
contrast-induced apoptosis in vitro  [53] . New insights in 
the underlying pathogenesis of radiocontrast-induced 
nephropathy were shown in the work by Zager et al.  [54] . 
They found no evidence for radiocontrast media-in-
duced oxidative stress in vitro. Radiocontrast media-in-
duced cytotoxicity thus might be dissociated from tubu-
lar cell oxidant stress. This would explain the failure of 
the antioxidant drug NAC in preventing contrast ne-
phropathy in recent animal studies  [24] . Compound-re-
lated toxicity appears to play the dominant pathogenic 
role, but the molecular basis for this observation remains 
unknown up to now. Recent work focused on the role of 
contrast agent viscosity in the pathophysiology of con-
trast media nephropathy  [55–57] , showing that high-vis-
cous contrast agents perturb renal hemodynamics to a 
greater extent than low-viscous contrast agents and in-
crease urine viscosity up to 50-fold when different non-
ionic contrast agents were compared. Moreover, low-
viscous contrast media have generally a higher osmolal-
ity that induces an osmodiuresis that facilitates renal 
elimination and prevents low flow rates in the tubulus. 
However, in our setting with a nonionic, low-osmolar 
contrast agent such as IOH and an ionic, high-osmolar 
contrast agent such as DTZ, we did not look at urine vis-
cosity and could not detect a difference in urine volume 
as urine production was very low during the sampling 
period of only 30 min. In a clinical setting, some studies 
indicate that contrast agents with higher viscosity might 
be associated with a higher incidence of contrast media 
nephropathy  [58, 59] , whereas others could not confirm 
these findings  [60, 61] .

  In summary, both an ionic, high-osmolar (DTZ) and 
a nonionic, low-osmolar (IOH) radiocontrast agent in-
duce marked changes in renal hemodynamics in salt-de-
pleted rats pre-treated with indomethacin. Although a 
single dose of NAC administered prior to contrast media 
prevents increased urinary ET excretion, renal perfusion 
is not affected by prophylactic NAC application. Other 
effects of NAC might thus account for the presumed 
renoprotective properties.
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