NDT Advance Access published May 4, 2004
Nephrol Dial Transplant (2004) 1 of 5
DOI: 10.1093/ndt/gfh261

Original Article

Renal effects of N-acetylcysteine in patients at risk for contrast
nephropathy: decrease in oxidant stress-mediated renal tubular injury
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Abstract
Background. N-Acetylcysteine has been shown to
protect against contrast nephropathy, although the
mechanisms underlying such an effect are unclear. Surprisingly, studies have shown that post-radiocontrast
renal function actually improves in chronic renal
failure patients receiving N-acetylcysteine. However,
there have been no studies investigating the cause of
this improvement.
Methods. In a double-blind, placebo-controlled study,
24 patients (aged 65±2 years) suffering from stable
mild-to-moderate renal insufﬁciency and undergoing
elective coronary angiography were randomized to
receive either placebo or N-acetylcysteine. All received
similar hydration. Renal function parameters were
assessed 48 h before and 48 h after radiocontrast
administration. Urinary 15-isoprostane F2t, a speciﬁc
marker of oxidative stress, was measured immediately
before and after the procedure. Expression of urinary
a-glutathione S-transferase protein, a speciﬁc proximal tubular injury marker, was assessed after the
procedure.
Results. Comparing creatinine clearance values before
and after angiography, a signiﬁcant increase was
seen in N-acetylcysteine patients (44.7±4.2 vs
57.2±6.3 ml/min/1.73 m2; P ¼ 0.02), whereas placebo
patients presented no change (46.6±5.0 vs 46.9±
4.3 ml/min/1.73 m2; P ¼ 0.90). After radiocontrast,
urinary 15-isoprostane F2t levels in placebo patients
increased signiﬁcantly over baseline values (2.9±0.7 vs
10.3±2.1 ng/mg creatinine; P ¼ 0.007), whereas urinary 15-isoprostane F2t levels in N-acetylcysteine
patients remained basically unchanged (3.5±0.5 vs
4.1±0.9 ng/mg creatinine; P ¼ 0.63). Furthermore,
N-acetylcysteine treatment led to lower levels of
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a-glutathione S-transferase than did placebo treatment
(0.8±0.2 vs 2.4±0.7 mg/g; P ¼ 0.046).
Conclusions. In chronic renal failure patients, the
improvement in renal function induced by post-radiocontrast administration of N-acetylcysteine is strongly
associated with suppression of oxidant stress-mediated
proximal tubular injury.
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Introduction
Acute renal failure (ARF) induced by radiocontrast
administration is a common cause of acquired inhospital renal injury, contributing to greater morbidity
and prolonged hospitalization [1]. Studies have demonstrated that age, diabetic nephropathy, volume
depletion, dehydration, hypercholesterolaemia and,
in particular, pre-existing renal insufﬁciency are risk
factors for radiocontrast-induced ARF [2,3]. The
pathogenesis of radiocontrast nephropathy is multifactorial. Indirect experimental evidence suggests that
oxidative stress occurs after intrarenal radiocontrast
injection and its antagonism with allopurinol or superoxide dismutase leads to improved glomerular ﬁltration
rate (GFR) [4]. In addition, both oxidative stress and
inﬂammation may contribute to chronic renal disease
pathophysiology [5].
Recently, a protective effect of N-acetylcysteine
(NAC) against contrast nephropathy has been demonstrated [6–8]. A meta-analysis including these data
revealed that NAC with hydration reduces by 56% the
relative risk of contrast nephropathy in chronic renal
insufﬁciency patients [9]. In fact, NAC has been shown
to improve post-radiocontrast renal function in chronic
renal failure (CRF) patients [6–8]. Nevertheless,
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NAC-mediated protection mechanisms are not completely understood [10]. Although correction of redox
imbalance associated with decreased reactive oxygen
species (ROS) generation might induce these changes,
there have been no human studies supporting this
mechanism.
This double-blind, placebo-controlled study assessed
pre- and post-radiocontrast NAC effects on speciﬁc
oxidative stress and renal tubular injury markers in
patients with stable mild-to-moderate chronic renal
insufﬁciency. Increased production of ROS is a feature
of CRF and may be worsened by radiocontrast
administration. Administration of NAC to CRF
patients after coronary angiography increases GFRs.
We hypothesise that this increase is caused by decreased
ROS as well as by protection against proximal tubular
cell injury.

Fluimucil
Subjects and methods
Patients
Patients aged 18–80 years scheduled for angiography and
with serum creatinine concentrations >1.4 and <5.0 mg/dl

and creatinine clearance rates <70 ml/min/1.73 m2 (based on
24 h creatinine clearance) were enrolled. Only patients who
were known to have a history of CRF and who presented
stable serum creatinine concentrations were included.
Exclusion criteria were acute myocardial infarction, ARF,
renovascular hypertension, prior vasopressor usage, cardiogenic shock and current peritoneal or haemodialysis. The
local ethics committee approved the protocol. All patients
gave written informed consent.

Study protocol
Figure 1 depicts the double-blind study design. Patients were
randomized to receive, pre- and post-contrast, either NAC or
placebo. In both cases, intravenous saline was administered
(2 ml/kg body weight/h from 4 h pre- until 4 h postangiography). An oral dose (600 mg) of NAC was given
twice daily on four consecutive days, beginning 2 days prior
to the angiography. Orange-ﬂavoured NAC was purchased
from Zambon Group (Vicenza, Italy). Identical orange
ﬂavouring was added to the placebo and patients returned
all of the empty envelopes at the end of the study to prove
compliance. No patient received theophylline, dopamine,
mannitol or any non-steroidal anti-inﬂammatory drugs
during the study. Diuretics were discontinued 48 h before
angiography and resumed only after the protocol endpoint.

30 Patients eligible

Placebo group (n=15)

NAC group (n=15)

2 Exclusions*

4 Exclusions*

11 Included in analysis

13 Included in analysis

24-h Creatinine clearance,
serum and urinary
creatinine
F2-isoprostanes
Placebo

♥

♥

NAC

F2-isoprostanes
and α-GST

24-h Creatinine clearance,
serum and urinary
creatinine

Fig. 1. Study design. *Six subjects were excluded: two patients (one from the placebo group and one from the NAC group) suspected of
inadequate collection of urine for creatinine clearance study; one patient from the placebo group with acute pulmonary oedema during
saline infusion; and three patients (two from the placebo group and one from the NAC group) with emergency indications of coronary
angiography for acute coronary syndrome. Filled heart, coronary angiography.

Coronary procedures
Angiography was performed according to standard clinical
practice. Patients received a low-osmolality, non-ionic
contrast agent (iopamidol).

Biochemical analysis
Both before and 48 h after angiography, 24 h creatinine
clearance was measured. Serum and urinary creatinine were
measured colorimetrically and clearance was normalized to
1.73 m2 body surface area (ml/min/1.73 m2). In addition,
urine samples were collected over ice immediately before and
after catheterization and stored at –80 C until F2-isoprostane measurement. Urinary a-glutathione S-transferase (aGST) was measured in samples collected after the procedure.
Urinary F2-isoprostane was extracted and quantitated
using enzyme-linked immunosorbent assay to determine
levels of 15-isoprostane F2t (Oxford Biomedical Research,
Inc., Oxford, UK), following manufacturer’s instructions.
An enzyme immunoassay (NEPHKIT-Alpha; Biotrin,
Dublin, Irish Republic) was used according to manufacturer’s instructions to quantitatively determine human aGST expression.

Statistical analysis
Data are reported as means±SEM. Categorical variables
were analysed with Fisher’s exact and chi-square tests.
Non-paired variables were analysed with the non-parametric
Mann–Whitney test. Analyses were performed with
GraphPad Prism software (version 3.0; GraphPad Software,
San Diego, CA, USA). All statistical tests were two-sided and
a P-value of <0.05 was considered statistically signiﬁcant.

Results
Table 1 displays baseline characteristics of the study
population. The two groups were similar regarding
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Fig. 2. Creatinine clearance at baseline (before) and at 48 h after
radiocontrast administration in patients treated with hydration and
placebo alone (placebo group) and in those treated with NAC and
hydration (NAC group). Results are expressed as means±SEM.

demographics (age and sex), body mass index, clinical
conditions, medication and volume of radiocontrast
administered.
Figure 2 shows increased post-angiography mean
creatinine clearance in the NAC group (44.7±4.2 vs
57.2±6.3 ml/min/1.73 m2; P ¼ 0.02) and no change
in the placebo group (46.6±5 vs 46.9±4.3 ml/min/
1.73 m2; P ¼ 0.90).
Compared with baseline values, post-radiocontrast
urinary F2-isoprostane increased signiﬁcantly in the
placebo group (2.9±0.7 vs 10.3±2.1 ng/mg creatinine;
P ¼ 0.007). However, isoprostane formation was
blocked in the NAC group (3.5±0.5 vs 4.1±0.9 ng/
mg creatinine; P ¼ 0.63; Figure 3).
Post-angiography proximal tubular injury was lessened by NAC administration, evidenced by higher
levels of urinary a-GST in the placebo group (0.8±0.2
vs 2.4±0.7 mg/g; P ¼ 0.046; Figure 4).

Table 1. Patients’ characteristics

Age (years)a
Males (%)
Body mass index (kg/m2)a
Serum creatinine (mg/dl)a
Creatinine clearance (ml/min)a
Cholesterol (mg/dl)a
Diabetes mellitus [n (%)]b
Hypertension [n (%)]c
Heart failure [n (%)]d
Previous myocardial infarction [n (%)]e
Angiotensin-converting enzyme [n (%)]
Calcium channel blockers [n (%)]
Beta-blockers [n (%)]
Aspirin [n (%)]
Statins [n (%)]
Volume of radiocontrast (ml)a
a

Placebo (n ¼ 11)

NAC (n ¼ 13)

P-value

65.8±2.5
9 (81.9%)
25.7±1
1.76±0.2
46.6±5
187±11
5 (45%)
10 (91%)
4 (37%)
4 (37%)
6 (54.5%)
5 (45.5%)
6 (54.5%)
9 (82%)
7 (63%)
98.2±12

64.4±3
11 (84.6%)
27.2±2.0
1.79±0.2
44.65±4.2
196±13
4 (31%)
11 (85%)
6 (46%)
3 (23%)
6 (46.1%)
3 (23%)
7 (54%)
11 (84%)
4 (31%)
103.6±10

0.82
0.85
0.82
0.52
0.61
0.61
0.75
0.64
0.94
0.8
0.7
0.47
0.97
0.86
0.23
0.77

Values are means±SEM.
Two measurements of fasting plasma glucose 126 mg/dl or concurrent use of insulin or hypoglycaemic therapy.
Arterial pressure 140/90 mmHg or current use of antihypertensive therapy.
d
Symptomatic heart failure according NYHA classes.
e
Previous history documented in medical records of chest pain, electrocardiographic changes and levels of cardiac enzymes.
b
c
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Fig. 3. Levels of F2-isoprostane in urine obtained before and
immediately after radiocontrast administration in patients treated
with hydration and placebo alone (placebo group) and in those
treated with hydration and NAC (NAC group). Results are
expressed as means±SEM. Creat, creatinine.
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Fig. 4. Levels of a-GST in urine obtained immediately after
radiocontrast administration in patients treated with hydration and
placebo alone (placebo group) and in those treated with hydration
and NAC (NAC group). Results are expressed as means±SEM.
Creat, creatinine.

Discussion
There are two novel ﬁndings in the present study. First,
radiocontrast increased oxidative stress, as assessed by
F2-isoprostane [11], and NAC completely blocked that
increase. Second, post-radiocontrast levels of a-GST,
a speciﬁc tubular proximal enzyme [12], were signiﬁcantly lower in the NAC group.
Improved renal function with NAC in CRF was
remarkable, but consistent with previous data [6–8].
However, none of those authors chose to investigate the
mechanism of such effects.
It is not surprising that the control group presented
no change in renal function. Previous studies have

demonstrated the effectiveness of using hydration
in CRF patients to prevent radiocontrast-induced
reduction in renal function [6].
It is known that plasma and urinary excretion rates
of the lipid peroxidation biomarker malondialdehyde
are elevated in animal models and CRF patients [13]. In
our study, elevated basal isoprostane levels support the
hypothesis that the redox state plays an important role
in renal ﬁbrosis and progressive kidney damage [14]. In
accordance with the ﬁndings of those authors, we found
that pre-radiocontrast administration levels of F2isoprostane in our chronic renal patients were higher
than in normal individuals [11]. These elevated
F2-isoprostane levels strongly indicate a role for
free radicals in CRF pathogenesis. A recent study
by Shimizu et al. [15] showed a signiﬁcant decrease
in malondialdehyde, a marker of oxidative stress, in
NAC-treated rats in the remnant kidney model. Their
results demonstrated that NAC attenuated the GFR
drop and lowered proteinuria in 5/6-nephrectomized
rats and they concluded that, in the remnant kidney
model, NAC has a protective effect associated with a
decrease in plasma aldosterone and a reduction in
oxidative stress.
F2-Isoprostanes are a unique series of prostaglandinlike compounds formed in vivo from the free radicalinitiated peroxidation of arachidonic acid, independent
of cyclooxygenase enzymes, and allow better assessment of oxidative stress [11].
Bakris et al. [4] demonstrated that radiocontrast
injection promotes transient vasoconstriction and a
persistent decline in GFR, creating an ideal scenario for
an increase in oxidative stress levels in CRF patients.
The authors also reported that intrarenal contrast
injection in dogs results in increased ROS production
and that intrarenal superoxide dismutase, a scavenger
of oxygen free radicals, attenuates the effects of
contrast-induced GFR reduction.
It has been postulated that radiocontrast-induced
oxidative stress has severe consequences, including
direct renal tubular epithelial cell toxicity and renal
medullar ischaemia [16], as well as altered renal
dynamics caused by imbalances between vasodilator
and vasoconstrictor factors.
Marked protective effects of NAC against oxidative
stress-induced tubular damage might involve various
chemical mechanisms. First, NAC directly scavenges
superoxide radicals [17]. Second, as a precursor of
glutathione synthesis, NAC signiﬁcantly increases
intracellular redox potential and, likely, improves the
reductive status of critical regulatory protein thiol
groups [18]. Third, NAC may combine with nitric oxide
(NO), leading to the formation of S-nitrosothiols,
which are a more stable storage form of NO and display
potent vasodilator properties [19]. It is well known that
NO inhibition is involved in the pathogenesis of CRF.
In addition, NO plays an important post-radiocontrast
role by increasing medullary oxygenation and regulating blood ﬂow [20]. Previously, we demonstrated that
administration of L-arginine (an endogenous substrate
for NO synthesis) prevents the lower GFR and reduced
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renal blood ﬂow seen in contrast nephropathy [2]. It has
also been shown that NAC increases the expression of
NO synthase [21]. These biological NO effects facilitate reversal of contrast-induced renal haemodynamic alterations, thereby limiting peroxynitrite anion
production.
In light of the fact that a-GST is a sensitive and
speciﬁc proximal tubular marker protein for monitoring tubular damage under various clinical conditions
[13], our data clearly suggest that NAC administration
is associated with preservation of tubular cell viability.
In conclusion, we found that the marked protective
effects of NAC against radiocontrast-induced tubular
injury in CRF patients are strongly associated with
amelioration of the effects of oxidative stress-induced
tubular injury. Furthermore, our data underscore the
role of redox imbalance in the pathophysiology of
chronic renal disease and suggest that improved
understanding of the pathophysiology of such redox
changes might lead to the development of novel
therapeutic techniques.
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