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Introduction  Contrast‑induced nephropathy 
(CIN) is acute renal dysfunction that is second‑
ary to the administration of radiocontrast media. 
This renal impairment is generally reversible.1 Al‑
though the exact mechanism has not yet been 
clearly elucidated, 2 empirically‑supported cen‑
tral mechanisms have been proposed: renal vaso‑
constriction and acute tubular injury.2

Acute tubular injury is due either to direct cyto‑
toxic effects, or is associated with the generation 

of oxygen free radicals, which cause oxidative 
damage.3,4 Based on the assumption that reac‑
tive oxygen species (ROS) might be involved in 
the pathogenesis of CIN, numerous studies have 
been conducted to assess the effects of antioxi‑
dants such as N‑acetylcysteine (NAC). Howev‑
er, clinical trials and meta‑analyses that exam‑
ined the effectiveness of NAC in the prevention 
of contrast nephropathy have provided conflict‑
ing results.5,6
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Abstract

Introduction  Oxidative stress is believed to have a role in contrast‑induced nephropathy. Based on 
this assumption, several known antioxidants have been studied to assess their effect on nephropathy, 
especially N‑acetylcysteine (NAC). However, its usefulness has yet to be confirmed.
Objectives  We aimed to assess whether NAC has any protective effect on contrast‑induced renal 
dysfunction, and whether NAC affects the parameters of oxidative stress in serum and urine.
Patients and methods  Sixty patients with coronary artery disease, who were scheduled for per‑
cutaneous coronary intervention (PCI), were randomized into 2 groups: one group received 600 mg 
NAC intravenously and the other did not. Both groups were matched for age and gender. Before and 
24 hours after the procedure, blood and urine samples were obtained to assess total oxidant capacity 
(TOC), total antioxidant capacity (TAC), oxidative stress index (OSI), and renal function.
Results  Twenty‑four hours after PCI, TOC and OSI levels were significantly increased and TAC 
levels significantly decreased, both in serum and urine. However, we did not observe any differences 
in oxidative parameters between patients who received NAC and those who did not. Multivariate 
analyses identified no protective effect of NAC on renal function, and no effect on oxidative para
meters in either serum or urine.
Conclusions  In this first clinical study that determined TOC and TAC levels in both serum and urine 
after exposure to contrast media, NAC was not found to affect oxidant parameters or protect against 
contrast nephropathy, at least in patients without the risk factors for nephropathy, such as diabetes 
mellitus or baseline renal or cardiac dysfunction.
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Study design  Sixty age- and gender‑matched pa‑
tients with CAD were randomized into 2 groups. 
Just before the PCI and 24 hours after the proce‑
dure, blood and urine samples were obtained to 
measure TOC, TAC, and the oxidative stress in‑
dex (OSI). After the baseline blood samples were 
obtained and just before the PCI, the first group 
was given 600 mg intravenous NAC.

As a contrast material, nonionic contrast me‑
dia was used in various quantities (70–400 cc) 
depending on the clinical indications (Xenetix 
300; Guerbet, Roissy, France, contains Iobitridol 
in 300 mg iodine/ml concentration). Adequate 
hydration was ensured before the procedure by 
advising all patients to drink at least 1500 ml 
of water during the preceding 24 hours. In addi‑
tion, just before the procedure, each patient was 
given 500 cc isotonic saline. After the procedure, 
patients again were hydrated to ensure at least 
2000 cc urine output. At 24 hour, blood and urine 
samples were obtained again to measure serum 
TOC, TAC, OSI, creatinine, and urea. Acute re‑
nal injury was defined according to the modified 
RIFLE criteria (Acute Kidney Injury Network), as 
any of the following: an abrupt absolute increase 
in serum creatinine of 0.3 mg/dl from baseline, 
an increase in serum creatinine concentration of 
at least 50%, or oliguria of less than 0.5 ml/kg/h 
for more than 6 hours.

Assays  All blood samples were drawn from 
a large antecubital vein without interruption of 
venous flow, using a 19‑gauge butterfly needle 
connected to a plastic syringe. Twenty milliliters 
of blood were drawn, with the first few milliliters 
discarded. Ten milliliters were used for baseline 
routine laboratory tests. The residual content of 

In this pilot study, we attempted to clarify 
the above issues. Therefore, we examined patients 
who underwent elective percutaneous coronary 
intervention (PCI) and received at least a certain 
amount of contrast media; we also assessed oxida‑
tive stress using a more valid and reliable method 
that measured total oxidant capacity (TOC) and 
total antioxidant capacity (TAC) both in serum 
and urine. Finally, we assessed the effect of NAC 
administration on both renal function and oxida‑
tive parameters, again in serum and urine.

Patients and methods  Subjects  The study 
was conducted at the Harran University School of 
Medicine, Sanliurfa, Turkey. Prior to subject re‑
cruitment, the study protocol was reviewed and 
approved by the university ethics committee, in 
accordance with the ethical principles for human 
investigations, as outlined by the Second Declara‑
tion of Helsinki. We recruited 60 age- and gender

‑matched patients with coronary artery disease 
(CAD) who were scheduled for and ultimately un‑
derwent PCI (according to prior coronary angiog‑
raphy results). All subjects gave written, informed 
consent prior to the study. Their baseline and de‑
mographic characteristics are shown in TABLE 1.

The exclusion criteria were as follows: acute 
coronary syndrome; any coexisting cardiac dis‑
ease; any evidence of liver, kidney, or respirato‑
ry disease; diabetes mellitus; malignancy; any in‑
fectious, inflammatory, or infiltrative disorder; 
unregulated hypertension; reduced left ventric‑
ular ejection fraction, or any findings or histo‑
ry of congestive heart failure; recent use (with‑
in 48 h) of any drug with antioxidant properties; 
regular alcohol use or alcohol use within the pre‑
vious 48 hours.

Table 1  Demographic characteristics of subjects who received and who did not receive N‑acetylcysteine

Variable NAC (+) NAC (–) P

age, y 58.9 ±11.1 61.8 ±10.03 0.88

men/women 21/9 21/9

glucose, mg/dl 96.3 ±12.1 90.8 ±14.7 0.125

SBP, mmHg 127.16 ±15.18 133.12 ±17.8 0.163

DBP, mmHg 80.33 ±10.16 82.03 ±11.6 0.545

TC, mg/dl 177.6 ±38.4 171.9 ±40.9 0.574

HDL‑C, mg/dl 32.8 ±5.8 32.6 ±10.4 0.949

LDL‑C, mg/dl 102.5 ±33.2 108.2 ±32.8 0.509

triglycerides, mg/dl 178.8 ±80.4 165.7 ±56.3 0.047

uric acid 4.61 ±1.66 4.98 ±1.78 0.102

sodium, mEq/l 138.6 ±2.8 138.0 ±2.9 0.707

potassium, mEq/l 4.15 ±0.44 4.37 ±0.48 0.71

calcium, mg/dl 9.6 ±0.94 9.6 ±0.99 0.982

phosphorus, mg/dl 3.14 ±0.60 3.36 ±0.64 0.184

hemoglobin, mg/dl 13.6 ±1.63 13.59 ±2.03 0.960

creatinine, mg/dl 0.89 ±0.21 0.92 ±0.25 0.373

urea, mg/dl 37.3 ±16.0 35.1 ±11.0 0.093

Abbreviations: DBP – diastolic blood pressure, HDL‑C – high‑density lipoprotein cholesterol, LDL‑C – low‑density 
lipoprotein cholesterol, NAC – N‑acetylcysteine, SBP – systolic blood pressure, TC – total cholesterol
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expressed as means ± standard deviations. 
Between‑group comparisons were made using 
independent‑sample t‑tests, and inter‑group com‑
parisons were conducted by paired‑sample t‑tests. 
The Pearson’s correlation analysis was performed 
to identify the degree of correlation between con‑
tinuous variables. Multivariate linear and logis‑
tic regression analyses were performed to iden‑
tify independent predictors of renal dysfunction 
and oxidative stress. Differences at P ≤0.05 were 
interpreted as statistically significant. All infer‑
ential tests were 2‑tailed.

Results  In the whole studied population, se‑
rum TAC and OSI were significantly increased 
24 hours after the PCI in both serum (P <0.0001) 
and urine (P <0.0001) (TABLE 2). TAC in serum and 
urine was significantly reduced after 24 hours 
(P <0.0001 and P = 0.006, respectively). Serum 
urea and creatinine levels increased in 44 of 60 
patients (73%); however, only 2 patients (3%) de‑
veloped acute renal failure. Of these 2 patients, 
only 1 received NAC. In 16 patients (27%), crea‑
tinine and urea levels decreased.

When we compared patients who received NAC 
with those who did not, no statistically significant 
differences were observed, either pre- or post‑PCI, 
in any of the oxidative stress parameters, or in se‑
rum urea or creatinine (P >0.05 for all compari‑
sons) (TABLE 3). Similarly, no pre- or post‑PCI oxi‑
dative parameters were different in urine (P >0.05 
for all comparisons). No significant correlations 
were observed between oxidative stress para
meters and creatinine or urea levels in either se‑
rum or urine; 24 hours after the procedure no 
significant change was observed in serum elec‑
trolytes (Na, K) and serum AST, ALT, and uric 
acid levels.

In a linear regression model with creatinine as 
a dependent variable, and serum and urine TOC 
and TAC, NAC, and contrast medium as indepen‑
dent variables, only contrast medium was found 
to affect creatinine levels. For the whole model, 
the adjusted R2 was 0.262 (P = 0.038). In anoth‑
er model, in which an increase in creatinine lev‑
els (Δ creatinine) was a dependent variable, and 
NAC, changes in serum and urine TOC and TAC, 
and the quantity of contrast medium were inde‑
pendent variables, no effect on Δ creatinine was 
observed (r = 0.344, adjusted R2 = 0.04, P = 0.45) 
(TABLE 3, model 2).

In another model, NAC had no effect on se‑
rum TOC; contrast medium was the only inde‑
pendent variable affecting TOC (TABLE 3, model 
3). With serum TAC as the dependent variable, 
once again only contrast medium was found to 
alter TAC levels (TABLE 3, model 4), and NAC had 
no effect. Contrast media was the only signifi‑
cant determinant of urine TOC and TAC; NAC 
again had no effect on these parameters (TABLE 3, 
models 5 and 6).

Discussion  Our study provided important 
new insight and data. First, it differed from 

the syringe was transferred immediately to poly‑
propylene tubes, which were then centrifuged 
at 3000 rpm for 10 minutes at 10 to 18oC. Su‑
pernatant plasma samples were stored in plas‑
tic tubes at –80oC until assayed. For the serum 
markers of oxidant stress, TOC was measured and 
the OSI calculated. TAC was measured as an in‑
dicator of antioxidant status.

Measurement of total oxidant capacity  Serum 
TOC was measured using a novel automated 
method developed by Erel.7 Oxidants present in 
the sample oxidize the ferrous ion‑o‑dianisidine 
complex to ferric ion. The oxidation reaction is 
enhanced by glycerol molecules, which are abun‑
dant in the reaction medium. The ferric ion gen‑
erates a colored complex with Xylenol Orange 
in an acidic medium. Color intensity, which can 
be measured spectrophotometrically, is related 
to the quantity of oxidant molecules present in 
the sample. The assay is calibrated with hydro‑
gen peroxide and the results expressed in terms 
of micro‑molar hydrogen peroxide equivalents 
per liter (μmol H2O2 equiv./l).

Measurement of total antioxidant capacity  Se‑
rum TAC was measured using a novel automated 
method developed by Erel.8 In this method, hy‑
droxyl radical, the most potent biological radical, 
is produced. In the assay, ferrous ion solution in 
reagent 1 is mixed with hydrogen peroxide pres‑
ent in reagent 2. Sequentially‑produced radicals, 
such as the brown‑colored dianisidinyl radical 
cation produced by the hydroxyl radical, are also 
potent radicals. This method allows to measure 
the antioxidative effect of the sample against po‑
tent free‑radical reactions that are initiated by 
the hydroxyl radical. The assay has excellent pre‑
cision values of more than 97%. The results are 
expressed as mmol Trolox equiv./l.

Oxidative stress index  The OSI was defined as 
the ratio of the TOC to TAC levels. For the cal‑
culation, TAS units were changed to mmol/l and 
the OSI value calculated according to the follow‑
ing formula7,8:

OSI (arbitrary unit) = TOS (μmol H2O2 equiv./l)/ 
/TAS (mmol Trolox equiv./l)

Other variables  Serum sodium (Na), potassium 
(K), urea, creatinine, fasting blood sugar, aspar‑
tate aminotransferase (AST), alanine aminotrans‑
ferase (ALT), uric acid, triglycerides, total choles‑
terol, high‑density and low‑density lipoprotein 
cholesterol levels were determined using the com‑
mercially‑available assay kits (Abbott®, Illinois, 
United States) with an auto‑analyser (Aeroset®, 
Germany).

Statistical analysis  Data analysis was conduct‑
ed using SPSS version 11.5 (SPSS Inc., Chica‑
go, IL, United States) with group parameters 
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decreased, even when the actual oxidant status 
is increased, or vice versa.

Second, in addition to serum levels, we mea‑
sured oxidative status in urine samples. This is 
also important because the kidneys are often im‑
paired in contrast‑medium toxicity.

Free radicals and oxidants are produced in 
metabolic and physiological processes, and their 
effects are controlled by exogenous and endoge‑
nous antioxidants. If the quantity of free radicals 

the previous studies in that it assessed oxida‑
tive stress parameters using a more reliable meth‑
od that measured both TOC and TAC.7,8 Measur‑
ing different oxidant and antioxidant molecules 
is impractical, and their oxidant and antioxidant 
effects are additive. Since there are numerous 
oxidants and antioxidants in the body, measur‑
ing total oxidant‑antioxidant status is more val‑
id and reliable.7,8 When only a few parameters 
are measured, their levels may be unchanged or 

Table 3  Results of regression analyses

Regression models Dependent variables Independent variables β coefficient t P

model 1 creatinine serum TOC –0.232 2.039 0.091

serum TAC 0.177 1.561 0.122

urine TOC –0.103 -0.800 0.426

urine TAC 0.192 0.743 0.460

NAC use –0.148 –1.355 0.179

contrast use 0.431 3.13 0.002

model 2 Δ creatinine Δ TOC (serum) 0.171 0.439 0.663

Δ TAC (serum) 0.273 1.11 0.274

Δ TOC (urine) 0.213 2.71 0.118

Δ TAC (urine) 0.301 1.77 0.076

contrast amount 0.213 0.371 0.712

NAC use 0.305 1,877 0.068

model 3 serum TOC contrast use 0.579 6.56 0.0001

NAC use 0.160 0.684 0.496

model 4 serum TAC contrast use –0.264 –2.588 0.011

NAC use 0.210 2.055 0.063

model 5 urine TOC contrast use 0.478 5.12 0.0001

NAC use 0.360 1.77 0.111

model 6 urine TAC contrast use –0.302 –2.43 0.031

NAC use 0.299 1.44 0.217

Abbreviations: see TABLES 1 and 2

Table 2  Serum and urine oxidative stress markers before and after percutaneous coronary intervention

Serum  Serum values, n = 60 Pre‑PCI serum values Post‑PCI serum values

pre‑PCI post‑PCI NAC (+) 
n = 30

NAC (–) 
n = 30

NAC (+) 
n = 30

NAC (–) 
n = 30

TOC, mmol Trolox 
equiv./l

14.47 ±3.94a 19.63 ±5.60a 15.35 ±4.30 13.80 ±3.64 18.90 ±5.58 20.38 ±5.58

TAC, μmol H2O2 equiv./l 0.86 ±0.13a 0.79 ±0.09a 0.88 ±0.12 0.84 ±0.14 0.81 ±0.07 0.77 ±0.09

OSI, arbitrary unit 1.70 ±0.51a 2.5 ±0.77a 1.76 ±0.50 1.66 ±0.53 2.33 ±0.70 2.68 ±0.81

creatinine, mg/dl 0.91 ±0.23a 1.00 ±0.22a 0.92 ±0.25 0.89 ±0.21 1.11 ±0.27 0.98 ±0.26

urea, mg/dl 36.4 ±13.9a 42.3 ±14.09a 37.3 ±16.0 35.1 ±11.0 43.7 ±16.7 41.5 ±10.5

Urine Urine values, n = 60 Pre‑PCI urine values Post‑PCI urine values, n = 30

pre‑PCI post‑PCI NAC (+) 
n = 30

NAC (–) 
n = 30

NAC (+) 
n = 30

NAC (–) 
n = 30

TOC, mmol Trolox 
equiv./l

20.26 ±6.6a 29.14 ±8.54a 21.02 ±7.17 19.46 ±5.96 29.27 ±7.99 28.99 ±9.23

TAC, μmol H2O2 equiv./l 1.54 ±0.07a 1.48 ±0.13a 1.56 ±0.12 1.52 ±0.10 1.49 ±0.10 1.47 ±0.16

OSI, arbitrary unit 1.31 ±0.44b 1.97 ±0.60b 1.34 ±0.47 1.30 ±0.42 1.96 ±0.53 1.98 ±0.67

a  P <0.0001,    b  P = 0.006

Abbreviations: OSI – oxidative stress index, PCI – percutaneous coronary intervention, TAC – total antioxidant capacity, TOC – total oxidant 
capacity, others – see TABLE 1



ORIGINAL ARTICLE  N‑acetylcysteine fails to prevent renal dysfunction... 387

any causal relationship between ROS and chang‑
es in serum creatinine levels, we assumed that in 
the presence of adequate hydration any increase 
in serum creatinine levels was important. Previ‑
ous studies that assessed contrast nephropathy 
as a bivariate variable (present or absent) may 
have missed contrast medium‑induced renal dam‑
age that failed to reach the degree of acute renal 
failure, thus underestimating negative effects. 
Moreover, how acute renal failure is defined re‑
mains an issue of debate. Assessing any quanti‑
tative decrease in renal function is more objec‑
tive. Furthermore, we assessed oxidant and anti‑
oxidant parameters both in serum and urine. In 
this way, the parameters measured in one con‑
firmed and strengthened the results obtained 
in the other.

We observed that oxidative stress was signifi‑
cantly increased and antioxidant capacity signif‑
icantly decreased after the use of contrast medi‑
um. However, no differences were observed be‑
tween patients who received NAC vs. those who 
did not. More importantly, in multivariate anal‑
yses, the only factor contributing to renal func‑
tion was contrast medium, and we detected no 
causative effect of NAC either on oxidant or an‑
tioxidant status, either in serum or urine. This 
suggests that NAC, as an antioxidant, does not 
have any protective effect. This observation is fur‑
ther proved by the fact that NAC did not have ef‑
fects on creatinine levels either in serum or urine. 
Another interesting finding was that the quan‑
tity of contrast medium also did not affect cre‑
atinine levels or oxidant parameters, suggesting 
that there may be no dose‑dependent effect of 
contrast media.

Our study has several limitations. First, the sam- 
ple size was not large, but on the other hand, our 
results were strongly significant, the study groups 
were quite homogenous, and we analyzed para
meters both in serum and urine, which made 
the results more reliable. Second, the subjects 
were not exposed to the same quantity of con‑
trast medium, because a range of procedures was 
performed.

Our results can be summarized as follows: in 
response to contrast media, TOC levels increased 
and TAC levels decreased, both in serum and urine, 
and TOC and TAC levels were first demonstrated 
clinically both in serum and urine; contrast media 
was the only determinant of increased oxidative 
stress, although it was not dose‑dependent; NAC 
had no effect on serum or urine parameters of oxi‑
dative stress; NAC had no effect on renal functions.  
In conclusion, oxidative stress does not seem to 
be a causative factor in renal dysfunction (an in‑
crease in urea and creatinine levels), and NAC 
seem to have no protective effects, at least in 
patients with normal baseline cardiac and re‑
nal function.

exceeds the capacity of anti‑oxidant defense mech‑
anisms, oxidative stress occurs.9,10 As mentioned 
above, oxidative stress has been thought to play 
a role in acute tubular injury,3,4 as suggested by 
several experimental studies11‑14 that examined 
various separate ROS. However, only a few clin‑
ical studies assessing oxidative stress induced 
by contrast medium have been conducted in hu‑
mans.15,16 Contrary to previous studies, our pilot 
study provided clinical data on this issue.

Numerous studies have focused on the ef‑
fects of antioxidants on contrast nephropathy. 
The most commonly used agent as an antioxidant 
is NAC because it is well tolerated and inexpen‑
sive. However, its prophylactic effectiveness con‑
tinues to raise controversies and its use has not 
yet been fully validated. Shyu et al.17 studied pa‑
tients with chronic renal insufficiency who had 
undergone coronary bypass surgery and found 
that NAC combined with adequate hydration re‑
duced acute renal nephropathy. Likewise, Kay 
et al.18 reported that NAC protected patients with 
moderate chronic renal insufficiency. On the other 
hand, Durham et al.19 and Webb et al.20 observed 
no beneficial effects of NAC in the prevention of 
contrast nephropathy in patients with chronic 
renal failure. Coyle et al.21 studied the effects of 
NAC in patients with diabetes undergoing coro‑
nary angiography and showed no additional ben‑
eficial effect of NAC compared with adequate hy‑
dration alone.

There may be several reasons for the above 
discrepancies, including differences in baseline 
risk factors for acute renal failure (e.g., diabetes, 
baseline renal function, cardiac dysfunction, etc), 
the adequacy of hydration, the quantity and type 
of contrast medium, and the way by which con‑
trast nephropathy was defined. Another crucial 
point is that these studies were designed based 
on the concept that the oxidant effects of con‑
trast media play a role in the development of con‑
trast nephropathy; therefore, an antioxidant such 
as NAC should protect against these effects and 
thus prevent nephropathy. However, these stud‑
ies failed to assess oxidant or antioxidant para
meters, or the causal relationship between con‑
trast medium and oxidative parameters. In oth‑
er words, contrast medium may cause oxidative 
stress or ROS, but whether increased oxidative 
stress affects renal function or not remains un‑
clear, i.e., contrast medium might be the only fac‑
tor causing renal function impairment, with ROS 
as a consequence rather than a cause.

In line with these results, we believe that our 
pilot study provides additional important data. 
First, our study groups were quite homogenous. 
To avoid confusion related to nephropathy risk 
factors, we excluded patients with diabetes, cardi‑
ac dysfunction, or any baseline renal impairment. 
All patients were adequately hydrated. We also 
took into consideration elevations in creatinine 
levels and, unlike prior studies, did not require 
that the full criteria for contrast nephropathy 
be met. Because we primarily sought to identify 
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Streszczenie

WProwadzenie  Uważa się, że stres oksydacyjny odgrywa rolę w nefropatii indukowanej przez środki 
cieniujące. Było to podstawą badań kilku znanych antyoksydantów, w szczególności N‑acetylocysteiny 
(NAC), w celu zapobiegania nefropatii. Przydatność NAC nadal jednak wymaga potwierdzenia.
Cele  Celem badania bylo ustalenie, czy NAC chroni przed dysfunkcją nerek indukowaną kontrastem 
oraz czy wpływa na parametry stresu oksydacyjnego w surowicy krwi i moczu.
Pacjenci i metody  Sześćdziesięciu pacjentów z chorobą niedokrwienną serca, u których zaplanowano 
zabieg przezskórnej interwencji wieńcowej (percutaneous coronary intervention – PCI), zrandomizo‑
wano do dwóch grup zgodnych pod względem wieku i płci: chorym w jednej grupie podano dożylnie 
600 mg NAC, w drugiej grupie leku nie podano. Przed zabiegiem oraz 24 godziny po zabiegu pobrano 
próbki krwi i moczu w celu oznaczenia całkowitej pojemności oksydacyjnej (total oxidant capacity – 
TOC), antyoksydacyjnej (total antioxidant capacity – TAC), wskaźnika stresu oksydacyjnego (oxidative 
stress index – OSI) oraz czynności nerek.
Wyniki  Wykazano, że 24 godziny po PCI wartości TOC i OSI były istotnie większe, a TAC istotnie 
mniejsze zarówno w surowicy, jak i w moczu. Nie stwierdzono jednak różnic w zakresie parametrów 
oksydacyjnych pomiędzy chorymi, którym podano NAC, a tymi, którym go nie podano. W analizie 
wieloczynnikowej nie wykazano efektu ochronnego NAC na czynność nerek ani wpływu na parametry 
oksydacyjne w surowicy i moczu.
Wnioski  W tym pierwszym klinicznym badaniu oceniającym poziom TOC i TAC w surowicy i moczu 
po ekspozycji na środki kontrastowe nie wykazano wpływu NAC na parametry oksydacyjne oraz 
ochrony przeciwko wystąpieniu nefropatii kontrastowej u chorych bez czynników ryzyka nefropatii 
takich jak cukrzyca, dysfunkcja nerek lub serca.

Słowa kluczowe

całkowita pojemność 
antyoksydacyjna, 
całkowita pojemność 
oksydacyjna, 
N‑acetylocysteina, 
nefropatia 
kontrastowa, stres 
oksydacyjny


