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OBJECTIVE: Contrast medium-induced nephropathy is the third most frequent cause of iatrogenic acute renal
failure involving inpatients. The present study was aimed at evaluating the protective effect of n-acetylcysteine
and allopurinol in both male and female rats receiving diatrizoate. MATERIALS AND METHODS: Thirty-five
young adult Wistar rats submitted to hydric restriction were divided into groups as follows: groups 1 and 2
(respectively male and female rats) receiving saline solution; groups 3 and 4 (respectively male and female
rats) receiving diatrizoate; group 5 (male rats) receiving diatrizoate and n-acetylcysteine; group 6 (male rats)
receiving diatrizoate and allopurinol; and group 7 (male rats) receiving diatrizoate and n-acetylcysteine +
allopurinol. The glomerular filtration was evaluated by measurement of creatinine clearance. Student’s t-test
and the test of signal were utilized for statistical analysis. RESULTS: Animal models receiving allopurinol did
not present a significant increase in the creatinine levels, while n-acetylcysteine did not prevent the creatinine
levels increase. CONCLUSION: Allopurinol has shown to be more effective than n-acetylcysteine in the renal
function protection against sodium diatrizoate-induced damages. No difference has been found between male
and female groups as regards the intensity of sodium diatrizoate-induced renal damages.
Keywords: Contrast-induced nephropathy; N-acetylcysteine; Allopurinol; Diatrizoate.

OBJETIVO: A nefropatia por contraste é a terceira causa de insuficiência renal aguda em pacientes hospita-
lizados. O objetivo deste estudo foi avaliar a ação da n-acetilcisteína e do alopurinol na proteção renal em
ratos de ambos os sexos que receberam diatrizoato. MATERIAIS E MÉTODOS: Ratos Wistar adultos jovens,
uninefrectomizados e submetidos a restrição hídrica, receberam solução salina (grupo 1: machos; grupo 2:
fêmeas), diatrizoato (grupo 3: machos; grupo 4: fêmeas), diatrizoato e n-acetilcisteína (grupo 5: machos),
diatrizoato e alopurinol (grupo 6: machos) e diatrizoato e n-acetilcisteína + alopurinol (grupo 7: machos). A
filtração glomerular foi avaliada pela creatinina. O teste t de Student e o teste do sinal foram utilizados para
análises estatísticas. RESULTADOS: Ratos que receberam diatrizoato apresentaram elevação estatisticamente
significante da creatinina sérica, quando comparados aos controles, porém não houve diferença entre os
sexos. Os animais que receberam alopurinol não mostraram aumento significante da creatinina, enquanto a
administração de n-acetilcisteína não impediu a elevação da creatinina. CONCLUSÃO: O alopurinol mostrou-
se mais efetivo que a n-acetilcisteína na proteção funcional renal ao dano induzido pelo diatrizoato de sódio.
Não houve diferença entre os sexos na intensidade do dano renal pelo diatrizoato de sódio.
Unitermos: Nefropatia induzida por contraste; N-acetilcisteína; Alopurinol; Diatrizoato.
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United States of America, the number of
cardiac catheterizations and invasive, per-
cutaneous coronary procedures in 2003
achieved more than 2 million, correspond-
ing to an increase of more than 300% in the
last two decades(2).

Contrast medium-induced nephropathy
(CIN) is defined as an absolute increase =
0.5 mg/dl or a relative increase > 25% in
the baseline creatinine values occurring
during the first 48 hours following expo-
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INTRODUCTION

Iodinated contrast agents are indispens-
able in the current daily medical practice.
It is estimated that more than 80 million di-
agnostic or therapeutic interventions in-
volving the use of contrast agents are per-
formed each year worldwide(1). In the
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sure to radiological intravenous contrast
agent(3). CIN is the third iatrogenic cause
of acute renal failure in inpatients, and is
associated with an increased mortality rate
(> 34%) in this population (4,5).

The incidence of CIN is variable, de-
pending on the presence of risk factors, on
the type and amount of contrast agent uti-
lized, and on the sensitivity of the diagnos-
tic method in cases of renal involvement(6).
In prospective studies, the CIN incidence
has ranged between 12% and 27% but, in
patients with diabetic nephropathy with
creatinine levels above 3 ml/dl, this inci-
dence may achieve more than 60%(7). Other
factors such as advanced age, cardiac fail-
ure, hypovolemia, chronic hepatopathy and
high doses of contrast agents are concomi-
tant and require a critical evaluation of the
risk/benefit ratio for contrast-enhanced
studies. Protective measures are strongly
recommended in cases where contrast-en-
hanced studies are indispensable(6,8,9).

Recently, female sex(10) and hyperurice-
mia(11) have been considered as risk factors
for CIN in patients with chronic renal dis-
ease. The alternative approach with con-
trast-enhanced magnetic resonance imag-
ing utilizing gadolinium — an agent that is
not related to the development of CIN —,
should be carefully weighted, considering
recent studies published in the literature
relating the development of nephrogenic
fibrosing dermopathy as a result of the uti-
lization of gadolinium in patients affected
by chronic renal failure(12).

Contrast agents differ significantly re-
garding their physical and biochemical
properties. Significant properties that may
have an influence on the relative effective-
ness of these compounds include ionicity
and osmolarity, chemical structure and vis-
cosity. Despite the high expectation re-
garding the performance of low-osmolar-
ity and non-ionic iso-osmolar contrast
agents because of their lower toxicity as
compared with hyperosmolar contrast
agents, those compounds have not shown
to be able to prevent contrast-medium-in-
duced nephropathy(7,9). Most recently, em-
phasis has been placed on the viscosity of
these compounds, possibly explaining why
iodixanol, an iso-osmolar compound with
high viscosity, has failed in preventing
CIN(2).

Vacuolization of epithelial cells lining
the proximal renal tubules has been re-
ported following intravascular contrast
medium injection, and structural effects are
reversible, resolving within few days after
the contrast medium administration. It
seems that there is no correlation between
the degree of vacuolization of proximal tu-
bule cells and the impairment of the renal
function(3).

Several mechanisms have been pro-
posed for CIN, especially renal vasocon-
striction and consequential decrease in the
medullary blood flow and proximal tubule
ischemia which would be added to direct
cytotoxicity(3,8). Additionally to these po-
tential mechanisms, reactive species of
oxygen resulting from the production of
free radicals have been considered as rel-
evant factors in the development of CIN(13).
Experimental studies in rats with volume
depletion indicate that contrast agents re-
duce antioxidant enzymes activity in the
renal cortical tissue(14).

Considering the increasing necessity of
utilization of iodinated contrast agents in
patients with risk factors, the recognition
that new contrast agents, despite their lower
toxicity, do not prevent CIN, and the bet-
ter knowledge about the pathophysiology
of the renal damage following the intrave-
nous administration of these compounds,
several drugs have been tested aiming at
attenuating or avoid radiocontrast-induced
nephropathy. Amongst these drugs, the fol-
lowing could be mentioned: dopamine,
mannitol, endothelin, calcium channel
blockers, free-radicals sweepers, and phe-
noldopam(3,8,9). None of them has shown to
be unquestionably superior to hydration.

Because of n-acetylcysteine antioxidant
properties, being freely filtered, with easy
access to intracellular compartments and
safe clinical utilization, this is the most
intensely studied drug, with the most
promising results(15–20). Allopurinol, a xan-
thine oxidase inhibitor , has been widely
utilized in the medical practice for treating
hyperuricemic conditions in the last 50
years. Most recently, experimental studies
have demonstrated a possible role of al-
lopurinol in the prevention of nephropathy
associated with ischemia/reperfusion pro-
cesses whose pathophysiology involves the
production of oxygen free radicals(14,21,22).

The present study was aimed at evalu-
ating the role of n-acetylcysteine and al-
lopurinol in the renal protection in both
male and female rats submitted to intrave-
nous administration of sodium diatrizoate.

MATERIALS AND METHODS

Animals

Young adult, male and female Wistar
rats (200–250 g) were kept in a cooled
room at constant 22 ± 2 °C and relative
humidity, and 12 hours light/dark condi-
tion. The animals were divided into male
or female groups of five specimens and
kept in cages with plastic bottom trays with
sterilized woodshaving bedding, receiving
water and standardized rat chow ad libitum.
The animals underwent a two-week adap-
tation period. Then, the rats were submit-
ted to left nephrectomy under anesthesia
with intramuscular ketamine 50 mg/kg and
xylazine 8 mg/kg.

Experimental protocol

At the15th day following the nephrec-
tomy, the rats were submitted to 24-hour
water deprivation and were given drugs as
follows: G1 – male rats, saline; G2 – female
rats, saline; G3 – male, diatrizoate; G4 –
female, diatrizoate; G5 – male, diatrizoate
+ n-acetylcysteine; G6 – male, diatrizoate
+ allopurinol; G7 – male, diatrizoate + n-
acetylcysteine + allopurinol. Sodium diatri-
zoate was given only once, at the 17th day
following the nephrectomy. N-acetylcys-
teine and allopurinol were administered at
the 16th and 17th post-nephrectomy days.
Samples of blood were collected by means
of cardiac puncture under anesthesia, im-
mediately before and after the drugs admin-
istration, for creatinine dosage.

Drugs

Intraperitoneal n-acetylcysteine (Flui-
mucil®, 600 mg [Zambon; São Paulo, Bra-
zil]), 300 mg/kg, 60 mg/ml suspension,
prepared in saline solution; intraperitoneal
allopurinol (Zyloric® 100 mg/tablet [Glaxo
Welcome; Rio de Janeiro, Brazil), 150 mg/
kg, in 25 mg/ml suspension prepared in
saline solution; a single dose (1.9 ml/kg) of
sodium diatrizoate (Hypaque® 76% [Sa-
nofi Winthrop; Rio de Janeiro, Brazil]) (2.9
g iodine/kg), caudal vein.



179

Contrast-induced nephropathy: protective effect of n-acetylcysteine and allopurinol

Radiol Bras. 2008 Mai/Jun;41(3):177–181

Statistical analysis

Data were statistically analyzed in terms
of mean ± standard deviation. The Shapiro-
Wilk test evaluated the data normality.
Comparison between paired normal groups
(pre- and post-treatment measurements)
was made by means of paired t-test. In
cases were the data did not show normal-
ity, the signal test was utilized. Statistical
significance level was 0.05.

RESULTS

Table 1 shows the results of creatinine
dosage (mean + standard deviation), in
male and female rats treated with saline or
diatrizoate. The administration of saline so-
lution in the male specimens did not deter-
mine creatinine levels increase (0.45 ± 0.09
and 0.58 ± 0.03, respectively pre- and post-
treatment; t = 2.017; p = 0.107), while rats
of the same sex receiving diatrizoate pre-
sented high creatinine serum levels (0.56
± 0.03 and 0.87 ± 0.08; t = 8.348; p =
0.001). The female rats receiving saline did
not present increase in creatinine serum
levels (0.61 ± 0.1 and 0.63 ± 0.09; t =
0.844; p = 0.421). Female rats treated with
diatrizoate presented a significant increase
in creatininemia (0.46 ± 0.16 and 0.7 ±
0.13; t = 4.867; p = 0.004). Statistically sig-
nificant difference (p > 0.05) was not found
in the comparison between male and fe-
male rats regarding the renal function im-
pairment evaluated by means of creatinine
dosage.

Administration of n-acetylcysteine in
male rats treated with sodium diatrizoate
did not avoid a statistically significant in-
crease in creatinine serum levels (0.50 ±
0.07 and 0.72 ± 011, respectively before
and after drug administration; t = 4.674;
valor-p = 0.0002). On the other hand, a sig-
nificant increase in the creatininemia was
not observed following the administration
of allopurinol during the treatment with so-
dium diatrizoate (0.54 ± 0.18, before and
0.64 ± 0.15, after; signal test: p = 0.688).
Combined n-acetylcysteine + allopurinol
did not prevent the significant increase in
the creatinine serum levels following the
treatment with sodium diatrizoate (0.55 ±
0.11 and 0.72 ± 0.18; t = 2.861; p = 0.018)
(Table 2).

DISCUSSION

Contrast medium-induced nephropathy
is a frequent condition, especially in dia-
betic patients with increased creatinine se-
rum levels, presenting a high mortality rate
(> 30%)(4,5). The understanding of the
mechanisms involved in the development
of CIN is essential to allow the adoption of
appropriate protective measures in this po-
tentially preventable cause of acute renal
failure(8). Based on the evidences that the
reactive oxygen species are involved in the
CIN genesis, several authors have devel-
oped clinical and experimental studies
evaluating the protective role of the differ-
ent “free radicals sweepers”(13,14,20).

In their first study with n-acetylcysteine,
Tepel et al. have demonstrated that the as-
sociation between the drug and hydration
provided a better renal protection against
radiocontrast agents than hydration alone
in patients with previous renal function
impairment(20). Conflicting results have
been found by several authors(15–19,23–25),
which could be partially justified by differ-
ences found in the population studied and/
or diversity in the n-acetylcysteine admin-
istration protocols. Additionally, there are
indirect evidences of the n-acetylcysteine
interference in the tubular creatinine trans-
port, reducing creatinine serum levels.
Hoffmann et al. have compared creatinine
and cystatine C concentrations before and
four and 48 hours after oral administration
of n-acetylcysteine (600 mg, four doses at

12-hour intervals) in 50 volunteer patients
with normal renal function who had not
received radiocontrast agent. There was a
significant decrease in the mean creatinine
serum level, while cystatine C (a renal
function marker that is not affected by the
renal tubular transport) has not shown any
variation(26). Although the utilization of n-
acetylcysteine is recommended in patients
at risk, the value of this drug in the preven-
tion of CIN remains controversial(27,28).

Radiocontrast nephropathy can hardly
be induced in normal animals, but may de-
velop in animals predisposed to renal is-
chemia(3). Therefore, experimental models
with dogs, rabbits and mainly rats submit-
ted to sodium depletion, use of indome-
tacine, uninephrectomy and nitric oxide
synthesis inhibitors alone or in association,
have been utilized(3,21,22). In the present
study, the animals were submitted to uni-
nephrectomy and water deprivation, be-
coming sensitive to the nephrotoxicity of
sodium diatrizoate, a hyperosmolar con-
trast agent.

Allopurinol is a xanthine oxidase in-
hibitor clinically utilized in the treatment
of hyperuricemic conditions for more than
50 years. In 1988, Katholi et al. studied and
demonstrated the role of the oxidative
stress in contrast medium-induced nephr-
opathy in 39 patients with normal or low
magnesium serum levels, randomized to
receive allopurinol or placebo before un-
dergoing coronary angiography(13). Most
recently, allopurinol has been studied in

Table 2 Pre- and post-treatment creatinine serum values (mean ± standard deviation), in groups

receiving n-acetylcysteine or allopurinol, or both drugs additionally to sodium diatrizoate.

N-acetilcisteine Allopurinol N-acetilcisteine + allopurinol

Pretreatment

0.50 ± 0.07

Post-treatment

0.72± 0.11*

Pretreatment

0.54 ± 0.18

Post-treatment

0.64± 0.15

Pretreatment

0.55 ± 0.11

Post-treatment

0.72± 0.18*

* p < 0.05 post- versus pretreatment (n-acetylcysteine: p = 0.0002; allopurinol: p = 0.688; n-acetylcysteine

+ allopurinol: p = 0.018).

Table 1 Pre- and post-treatment creatinine serum values in mg/dl (mean ± standard deviation) in

saline and sodium diatrizoate groups, in male and female animal models.

Saline group Diatrizoate group

Male

Female

Pretreatment

0.45 ± 0.09

0.61 ± 0.1

Post-treatment

0.58 ± 0.03

0.63 ± 0.09

Pretreatment

0.56 ± 0.03

0.46 ± 0.16

Post-treatment

0.87 ± 0.08*

0.78 ± 0.13†

* p < 0.05 post- versus pretreatment (saline: p = 0.107; diatrizoate: p =0.001); † p < 0.05 post- versus

pretreatment (saline: p = 0.421; diatrizoate: p =0.004).
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conditions where the occurrence of renal
tissue damage involves reactive oxygen
species, particularly in the ischemia-reper-
fusion syndrome(21,22) and aminoglycoside
nephropathy(29), with still indefinite results.

The present study evaluated the renal
function impairment extent by means of
creatinine dosage. Notwithstanding the rec-
ognition of the limitations of creatinine se-
rum levels as a renal function marker, the
authors have chosen this method because
of its practicity and considering that crea-
tinine is a laboratory indicator in the clini-
cal definition of CIN.

The animals submitted to uninephrec-
tomy and volume depletion received so-
dium diatrizoate and presented a significant
increase in the creatinine serum levels, with
no statistically significant difference be-
tween male and female rats regarding the
extent of the renal function impairment.
The authors had already demonstrated that
gentamicin nephrotoxicity is more intense
in female than in male rats(30). Most re-
cently, Habeb et al. indicated the female sex
as a possible risk factor for CIN(10). Al-
though the oxidative stress plays a signifi-
cant role both in acute tubular necrosis
caused by aminoglycosides, and in CIN,
different pathophysiological mechanisms
are involved in these conditions. Even
though the results of the present study are
not indicative of differences in CIN sever-
ity between male and female rats, they are
not sufficient to definitely rule out the like-
lihood of female rats being more vulnerable
to radiocontrast effects.

In the present study, n-acetylcysteine
could not prevent the increase in the crea-
tinine serum levels, notwithstanding the
high doses delivered. Other studies with
similar protocols also have failed in dem-
onstrating this protective effect of n-
acetylcysteine(19). CIN pathophysiology is
complex, involving renal hemodynamic
disorders and direct cytotoxicity, and the
participation of reactive oxygen species
seems to be just one of the involved factors,
which might explain the conflicting results
in clinical and experimental studies utiliz-
ing this compound.

The rats receiving sodium diatrizoate +
allopurinol did not present a statistically
significant increase in the creatinine serum
levels, suggesting an allopurinol protective

effect in the renal function. Radiological
contrast mediums inhibit the reabsorption
of urates, increasing their renal excretion.
It has been suggested that the renal tubular
obstruction by urates, oxalates and abnor-
mal proteins may play a relevant role in the
CIN pathogenesis(13). Additionally, accord-
ing to Bakris et al., sodium diatrizoate in-
duces a transient increase in the urinary
excretion of Tamm-Horsfall protein par-
tially mediated by oxygen free radicals
harmful to the kidney, contributing to the
accentuation of the intratubular obstructive
process(23). Allopurinol may represent a
better alternative as compared with n-
acetylcysteine because of the association of
antioxidant and urate-lowering properties
with the capacity of preventing acute renal
tubular obstruction. A relevant aspect in the
design of the present study was that allopu-
rinol was delivered 24 hours before the
sodium diatrizoate infusion to allow the
production of oxypurinol, the major active
allopurinol metabolite and powerful inhibi-
tor of xanthine oxidase(13).

In the present study, combined n-
acetylcysteine/allopurinol could not avoid
renal function impairment induced by so-
dium diatrizoate. Andrade et al. have found
a better protection with associated n-
acetylcysteine/allopurinol in a post-is-
chemia/reperfusion acute renal failure
model than the protection obtained with
these drugs separately(22). Although in both
models of acute renal failure there is a par-
ticipation of oxidative mechanisms, they
seem to play a more significant role in the
post-ischemia/reperfusion renal injury,
while the renal impairment by the tubular
hypoxia in cases of CIN is probably accen-
tuated by the endothelial dysfunction and
alterations in the renal microcirculation.

It is known that the xanthine oxidase en-
zyme can generate superoxide radicals in
processes of ischemia, with evidences that
tubular obstruction following radiocontrast
administration may accentuate the renal
function impairment induced by these com-
pounds. With recent reports indicating hy-
peruricemia as a risk factor for CIN, the
results of the present study suggest that
allopurinol can be a useful alternative for
renal protection in procedures involving
the utilization of radiocontrast agents in
patients at risk.

CONCLUSIONS

In the present study, intravenously in-
jected sodium diatrizoate resulted in im-
pairment of the renal function, as demon-
strated by the significant increase in crea-
tinine serum levels, independently from the
sex of the animal models. Contrarily to n-
acetylcysteine, allopurinol has shown to be
able to protect the renal function in animals
treated with sodium diatrizoate.
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