
Abstract Acute contrast medium-induced nephrotoxicity
was estimated in 3%–12% of patients receiving cardiac
angiography, especially in advanced age, renal insufficiency
and diabetic patients. As intrinsic renal antioxidant enzyme
activities may play a crucial role in defence against renal
oxidant injury, this study was designed to investigate the
acute effect of ionic high osmolar diatrizoate
meglumine/diatrizoate sodium on renal antioxidant activities
in normal or streptozotocin (STZ)-induced diabetic rats at
two time points (1 h and 24 h). A total of 40 Wistar rats were
separated to normal and STZ-induced diabetic groups. Ten
of each group were injected with diatrizoate (10 ml/kg) via
tail vein and 10 with 10 ml/kg of 0.9% NaCl as control. This
study shows that diabetic rats had higher renal glutathione
peroxidase (GPx) activities than those of normal rats. GPx
activities decreased significantly after diatrizoate injection at
the first hour (717.4±104.0 to 578.6±92.1 mU/mg in the dia-

betic group, 466.4±30.6 to 371.4±75.5 mU/mg in the normal
group, all P=0.032) but the difference faded 24 h later. The
increase of superoxide dismutase (SOD) activities was
enhanced (673.5±100.2 to 750.4±129.8 U/mg, P=0.04) in
the normal group, but not in the diabetic group (624.1±156.6
to 671.1±136.7 U/mg, P=0.15) after diatrizoate injection at
the first hour. At 24 h, renal SOD activities were still signif-
icantly higher in the diatrizoate injection group. In summary,
intrinsic renal antioxidant activities are adapted in STZ-
induced diabetes and ionic high osmolar diatrizoate could
modify their activities. Furthermore, diabetics have abnor-
mal response of renal antioxidant activities by contrast
media and are at risk for contrast-mediated nephrotoxicity.
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Introduction

Acute renal failure could be induced by contrast media. It is
estimated that 3%–12% of patients suffer from nephrotoxi-
city after cardiac angiography [1–3]. Patients at high risks,
such as those with diabetes, previous renal insufficiency or
dehydration are even more easily insulted by contrast medi-
um. Several mechanisms are thought to explain this phe-
nomenon, such as renal vasoconstriction, decreased blood
flow, decreased glomerular filtration rate and direct renal
cell toxicity [4–6]. Free oxygen radical production from
reduction-oxidation reactions is one of the important events
of pathogenesis of tissue injury. It is known that reactive
oxygen species will be generated from the formation of
advanced glycation end-products in diabetes. It is clinically
correlated with an increased incidence of nephropathy [7].
These reactive oxygen species are normally scavenged by a
defence system of intracellular antioxidant enzymes, such
as catalase, superoxide dismutase (SOD) and glutathione
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peroxidase (GPx) [8]. However, when the production of
reactive oxygen species exceeds the scavenge capacity of
antioxidant enzymes, tissue damage may occur. Reduced
activity of antioxidant enzymes was illustrated in dehydrat-
ed animals after ionic high osmolar contrast medium injec-
tion [9]. However, the change of intrinsic renal antioxidant
enzyme activity under the influence of ionic high osmolar
contrast medium like diatrizoate has not yet been reported
in diabetes. As intrinsic antioxidant enzyme activities may
play a role in defence against renal injury, we hypothesise
that there will be a difference in antioxidant enzyme activi-
ties in diabetics as compared with normal subjects.

Materials and methods

Type of contrast media

Diatrizoate meglumine/diatrizoate sodium (DTZ, Hypaque-75;
Squibb, New Brunswick, NJ, USA) is an ionic, high osmolar
contrast medium. The osmolality is 2016 mOsm/kg and its pH
is 7.0–7.6. The iodine load (3700 mg/kg) of DTZ is calculated
to be 10 ml/kg for injection. This dose was reported to induce
renal injury in animal models. Normal saline (0.9% NaCl) was
used as a control.

Study animal groups

Male Wistar rats (purchased from National Laboratory Animal
Breeding and Research Center, Taiwan) around 6–8 weeks old,
weighing 150–180 g, were used to create diabetic rat model. The
experimental animals were induced by a single peritoneal injec-
tion of 55 mg/kg of streptozotocin (STZ) (Sigma Chemical, St.
Louis, MO, USA). Diabetes was confirmed by checking blood
glucose (Accutrend Glucose, Boehringer Mannheim, East
Sussex, UK). Insulin was injected peritoneally according to
blood glucose, which was maintained at around 350 mg/dl. These
animals were maintained on a regular diet and water ad libitum
for 4 weeks after the injection of STZ. A total of 40 male Wistar
rats were equally separated into two groups: normal and STZ-
induced diabetic groups. Ten of each group were injected with 10
ml/kg of DTZ via tail vein and 10 with 10 ml/kg of 0.9%NaCl as
controls. Five of each group were sacrificed at one hour and the
other five at 24 h after DTZ or normal saline injection. These rats
were anaesthetised with sodium pentobarbital (Abbott
Laboratories, Chicago, IL, USA). This study was approved by
the Animal Care and Treatment Committee of our institution.

Antioxidant enzyme assay

The dissected kidney was soon rinsed in ice-cold phosphate-
buffered saline (PBS). The clean specimens were chipped and
homogenised in an appropriate buffer solution, which contained
50 mM Tris-HCl at pH 7.5, 5 mM EDTA and 1 mM 2-mercap-

toethanol. GPx activity was assayed in a 1.5-ml cuvette contain-
ing 350 µl of assay buffer (GPx-340, OxisResearch, USA), 350 µl
of NADPH reagent and 70 µl of test sample that was prepared and
diluted into assay buffer just prior to analysis. Then, the whole
mixture was added to 350 µl of diluted tert-butyl hydroperoxide
and mixed. The absorbance was read at 340 nm and the change
was recorded for three minutes. SOD activity was measured with
an assay kit (SOD-525, OxisResearch, USA) by the suggested
procedure, summarised as follows: 30 µl of sample was incubated
with 500 µl 10 mM hydrogen peroxide for one minute and finally
chromogen reagent. The absorbance of samples was recorded at
525 nm. All the activities of GPx or SOD were normalised after
correction of sample protein content. All the measures were
repeated three times with intra-variation less than 8%.

Statistical analysis

All values were expressed as the mean±SEM. Mann-Whitney
U-test was performed to compare difference between groups
and P<0.05, two-tailed was considered to be significant.

Results

A total of 40 male Wistar rats were used for study.
Twenty diabetic rats had mean body weight of
254.5±43.8 g, which is 23% lower than that of the twen-
ty normal rats. Mean body weight of 20 normal rats was
330.5±42.5g. Mean blood sugar of diabetic rats and nor-
mal rats before sacrifice was around 390±60.4 mg/dl and
103.2±17.4 mg/dl respectively.

Diabetic rats had higher renal GPx activities than those
of normal rats (717.4±104.0 vs. 466.4±30.6 mU/mg at first
hour, 622.9±114.4 vs. 494.6±60.8 mU/mg at 24th hour
after normal saline injection, all P<0.0001) (Fig. 1). GPx

Fig. 1 Comparison of renal glutathione peroxidase activity between
STZ-induced diabetic and normal rats at 1 and 24 h after normal
saline injection. Increased renal GPx activities are noted in diabetic
rats as compared to those of normal rats. *P<0.0001. (Open bar
denotes diabetic group. Solid bar denotes normal group, n=5)
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activity decreased significantly after DTZ injection in both
groups at the first hour (717.4±104.0 to 578.6±92.1 mU/mg
in diabetic group, 466.4±30.6 to 371.4±75.5 mU/mg in nor-
mal group, all P=0.032) (Fig. 2). We observed that GPx
activities at 24 h after DTZ had no significant change as
compared to those after normal saline injection in both
groups (652.7±154.9 vs. 622.9±114.4 mU/mg in diabetic
group, 434.5±64.3 vs. 494.6±60.8 mU/mg in normal group,
all P=0.22).

Contrary to renal GPx increase, renal SOD activity had
the tendency to be decreased in the diabetic group as com-
pared to that of the normal group at the 1st hour after nor-
mal saline injection (624.1±156.6 vs. 673.5±100.2 U/mg),
although the P value was 0.12. Renal SOD activity
remained lower in diabetics than in the normal group
(500.9±55.1 to 590.4±51.9 U/mg, P=0.01) at 24 h after
saline injection (Fig. 3). In order to recognise the different

influence of diatrizoate on renal SOD activity, we measured
and compared this activity with normal saline in both
groups. At the first hour after diatrizoate injection, renal
SOD activity was elevated insignificantly in the diabetic
group as compared to saline injection (671.1±136.7 vs.
624.1±156.6 U/mg, P=0.15). However, in normal groups,
the elevation was statistically significant (750.4±129.8 vs.
673.5±100.2 U/mg, P=0.043). Twenty four hours after dia-
trizoate, SOD activities were still high as compared to those
after normal saline injection (706.3±86.5 vs. 590.4±51.9
U/mg, P=0.01, in normal group and 631.2±58.4 vs.
500.9±55.1 U/mg, P=0.032, in diabetic group) (Fig. 4).

Discussion

The present study shows that intrinsic renal cellular GPx
activities in STZ-induced diabetic rats are significantly
higher than those of normal rats. It is well known that cel-
lular GPx is an important enzyme to catalyse the reduction
of hydrogen peroxide and lipid peroxides to water and lipid
alcohol, respectively. One of the obvious manifestations of
diabetes is hyperglycaemia, which could promote the for-
mation of glycation or non-enzymatic glycosylation of pro-
teins and lipoproteins by the Maillard reaction. The forma-
tion of advanced glycation end-products will produce reac-
tive oxygen species in diabetes [10, 11]. High levels of GPx
suggest it may result from chronic upset of oxidant stress in
diabetes. It is reasonable to expect that cellular GPx pre-
vents cells from oxidant injury [12, 13]. From experiments
of GPx gene deficiency, it further confirms that this enzyme
reveals its cellular protection in many tissues [14–16].
Besides, antioxidant states are apparently altered in diabetic

Fig. 2 Effect of diatrizoate on renal GPx activities in both diabetic and
normal rats. Decreased renal GPx activities are noted in both diabet-
ic and normal rats at 1st hour after diatrizoate injection. *P=0.032.
There is no significant difference of renal GPx at 24th hour as com-
pared to 1st hour. P=0.22. (Open bar denotes normal saline injection
as control. Solid bar denotes diatrizoate injection. n=5)

Fig. 3 Comparison of renal superoxide dismutase activity between
STZ-induced diabetic and normal group at 1 and 24 h after normal
saline injection. Diabetic group has decreased renal SOD activity
as compared to normal group but it did not reach statistical signif-
icance at 1st hour. (Open bar denotes diabetic group. Solid bar
denotes normal group)

Fig. 4 Effect of diatrizoate on renal SOD activities in both diabet-
ic and normal rats. Increased renal SOD activities are noted in both
diabetic and normal rats at 1st hour after diatrizoate injection but
P=0.043 in normal group, P=0.15 in diabetic group. Renal SOD at
24th hour after diatrizoate injection is significantly increased as
compared to that after normal saline injection, all *P<0.05. (Open
bar denotes normal saline injection as control. Solid bar denotes
diatrizoate injection)
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tissues at different ages [17–19]. Thus, the increased activi-
ty of renal GPx in diabetes could be the compensatory or
adaptation mechanism for renal cells to resist the increased
oxidant stress in a hyperglycaemic situation.

As we know, ionic high osmolar contrast medium, like
diatrizoate, has the highest toxicity to renal cells. There is
a high incidence of acute renal failure caused by diatri-
zoate. Many mechanisms have been proposed to explain
renal function deterioration, including cellular energy fail-
ure, a disruption of calcium homeostasis, a disturbance of
tubular cell polarity, renal medullary hypoxia and pro-
grammed cell death [20, 21]. Reactive oxygen species
generated by contrast media also play a role in acute
nephropathy [21–24]. Meanwhile, much evidence shows
that exogenous antioxidants N-acetylcysteine could reduce
the incidence of contrast medium-induced nephrotoxicity
[25, 26]. However, the modulation of endogenous antioxi-
dant activity by diatrizoate is not entirely clear in diabetes.
In our study, we disclose that renal GPx activities were
significantly depressed by diatrizoate at the 1st hour both
in diabetic and normal groups and the decreased GPx grad-
ually recovered at 24 h also in both groups. We observe
that the influence of diatrizoate on diabetic rats is not dif-
ferent from normal rats. The depressed GPx activity by
diatrizoate may indicate the vulnerability of renal cellular
toxicity. Yoshioka et al. showed the important protection
effect of GPx on renal function in a post-ischaemic model.
They demonstrated that renal GPx activity was depressed
3 days after ischaemia but rose up to around 2-fold at 6
days. The higher renal GPx activity would protect from
developing proteinuria even when hydrogen peroxide was
directly infused into renal artery at 6 days [27]. Renal GPx
activity reduced by diatrizoate in our study could be poten-
tially harmful to renal function.

In contrast to elevation of renal GPx, baseline renal
SOD activity in the diabetic group was lower than that of
the normal group, although it did not reach statistical sig-
nificance. This change of activity may also reflex chronic
adaptation of the antioxidative system in defence against
reactive oxygen species in diabetes [19]. When we com-
pared the SOD activities after diatrizoate to those after
normal saline, we found that SOD activities were signifi-
cantly elevated in the normal group at the 1st hour after
diatrizoate but there was no significant increase in diabetic
group. This implies some inertial response of diabetic renal
SOD activity to acute insult. Diatrizoate does not suppress
the intrinsic renal SOD activity. Interestingly, SOD activi-
ties at 24 h after diatrizoate remained higher than those
after normal saline injection in both groups. These results
further suggest that normal rats preserve this intrinsic
antioxidant activity with faster and more persistent
response to exogenous insult than diabetes do. In this study,
we did not directly measure renal superoxide or reactive
radical metabolites produced by diatrizoate. However, it is
reasonable to suppose superoxide could be the immediate

insult to impair renal function. Bakris et al. demonstrated
that allopurinol and SOD infusion could protect glomerular
filtration rate and decrease renal venous malondialdehyde
within 30 min after diatrizoate injection [23]. Increased
renal SOD after DTZ in our study may point out the impor-
tant defence role of antioxidant enzyme in normal rats. In
contrary to normal response in normal rats, the abnormal
response in diabetes indicates the risk of renal toxicity.

Our data show that there is reduced renal SOD activity
at 24 h after normal saline or contrast medium injection
both in diabetic and normal rats. It is unclear whether psy-
chological stress or anaesthesia agent caused the acute
change of renal SOD. Zimmermann et al. studied the
antioxidant status of blood in acute stroke patients and
demonstrated that acute stroke would lead to GPx eleva-
tion in the first day but no significant differences of SOD
[28]. However, Cherubini et al. demonstrated the immedi-
ately reduced antioxidants after an acute ischaemic stroke
[29]. The patients with lower erythrocyte SOD activity had
the worst early outcomes. Besides, chronic psychological
stress was also associated with altered antioxidative status
in diabetic rats that revealed low catalase and high thio-
barbituric acid reactive substance in kidney [30]. In the
present study, renal SOD activities in diabetic rats fall
much lower than those in normal rats at 24 h. The same
phenomenon could also be observed after diatrizoate.
Accordingly, psychological or physical stress seems to
involve the modulation of intrinsic antioxidant activity. As
we did not perform the experiment for longer, we could
not study the chronologic change of antioxidant activities
of GPx and SOD. However, this study implicates that the
intrinsic renal SOD activities in diabetes present an abnor-
mal response caused by diatrizoate and diabetics are at risk
for contrast-mediated nephrotoxicity.

In summary, intrinsic renal antioxidant enzyme activi-
ties to defend against reactive oxygen species are altered
with obviously increased renal GPx activity in STZ-
induced diabetic rats. Acute modulation of antioxidant
activity by diatrizoate is quite different. Diatrizoate sup-
presses renal GPx and induces renal SOD activities.
Furthermore, diabetics have a relatively abnormal
response of renal antioxidant SOD activity to diatrizoate
and are at risk of contrast-induced nephrotoxicity.

Acknowledgement This study was supported by a grant from the
National Science Council of the Republic of China (NCS 91-
2314-B-037-94).

References

1. Rudnick MR, Goldfarb S, Wexler L, Ludbrook PA, Murphy
MJ, Halpern EF, Hill JA, Winniford M, Cohen MB,
VanFossen DB (1995) Nephrotoxicity of ionic contrast media
in 1196 patients: a randomized trial. Kidney Int 47:254–261



98 H.-W. Yen et al.: Effect of contrast on renal antioxidants

2. Rihal CS, Textor SC, Grill DE, Berger PB, Ting HH, Best PJ,
Singh M, Bell MR, Barsness GW, Mathew V, Garratt KN,
Holmes DR Jr (2002) Incidence and prognostic importance of
acute renal failure after percutaneous coronary intervention.
Circulation 105:2259–2264

3. Aspelin P, Aubry P, Fransson SG, Strasser R, Willenbrock R,
Berg KJ (2003) Nephrotoxic effects in high-risk patients
undergoing angiography. N Engl J Med 348:491–499

4. Heyman SN, Brezis M, Epstein FH, Spokes K, Silva P, Rosen S
(1991) Early renal medullary hypoxic injury from radiocon-
trast and indomethacin. Kidney Int 40:632–642

5. Humes HD, Hunt DA, White MD (1987) Direct toxic effect of
the radiocontrast agent diatrizoate on renal proximal tubule
cells. Am J Physiol 252:F246–F255

6. Ueda N, Kaushal GP, Shah SV (2000) Apoptotic mechanisms
in acute renal failure. Am J Med 108:403–415

7. McCance DR, Dyer DG, Dunn JA, Bailie KE, Thorpe SR,
Baynes JW, Lyons TJ (1993) Maillard reaction products and
their relation to complications in insulin-dependant diabetes
mellitus. J Clin Invest 91:2470–2478

8. Baliga R, Ueda N, Walker PD, Shah SV (1997) Oxidant
mechanisms in toxic acute renal failure. Am J Kidney Dis
29:465–477

9. Yoshioka T, Fogo A, Beckman JK (1992) Reduced activity of
antioxidant enzymes underlies contrast media-induced renal
injury in volume depletion. Kidney Int 41:1008–1015

10. Bucala R, Vlassara H (1995) Advanced glycosylation end
products in diabetic renal and vascular disease. Am J Kidney
Dis 26:875–888

11. Hunt JV, Dean RT, Wolff SP (1988) Hydroxyl radical produc-
tion and autoxidative glycosylation. Glucose autoxidation as
the cause of protein damage in the experimental glycation
model of diabetes mellitus and ageing. Biochem J
256:205–212

12. Tanaka Y, Tran PO, Harmon J, Robertson RP (2002) A role for
glutathione peroxidase in protecting pancreatic beta cells
against oxidative stress in a model of glucose toxicity. Proc
Natl Acad Sci U S A 99:12363–12368

13. Salin ML, McCord JM (1974) Superoxide dismutases in
polymorphonuclear leukocytes. J Clin Invest 54:1005–1009

14. Esposito LA, Kokoszka JE, Waymire KG, Cottrell B,
MacGregor GR, Wallace DC (2000) Mitochondrial oxidative
stress in mice lacking the glutathione peroxidase-1 gene. Free
Radic Biol Med 28:754–766

15. Fu Y, Cheng WH, Porres JM, Ross DA, Lei XG (1999)
Knockout of cellular glutathione peroxidase gene renders
mice susceptible to diquat-induced oxidative stress. Free
Radic Biol Med 27:605–611

16. de Haan JB, Bladier C, Lotfi-Miri M, Taylor J, Hutchinson P,
Crack PJ, Hertzog P, Kola I (2004) Fibroblasts derived from

Gpx1 knockout mice display senescent-like features and are
susceptible to H2O2-mediated cell death. Free Radic Biol
Med 36:53–64

17. Godin DV, Wohaieb SA, Garnett ME, Goumeniouk AD
(1988) Antioxidant enzyme alterations in experimental and
clinical diabetes. Mol Cell Biochem 84:223–231

18. Kakkar R, Kalra J, Mantha SV, Prasad K (1995) Lipid perox-
idation and activity of antioxidant enzymes in diabetic rats.
Mol Cell Biochem 151:113–119

19. Mak DH, Ip SP, Li PC, Poon MK, Ko KM (1996) Alterations
in tissue glutathione antioxidant system in streptozotocin-
induced diabetic rats. Mol Cell Biochem 162:153–158

20. Schick CS, Bangert R, Kubler W, Haller C (2002) Ionic radio-
contrast media disrupt intercellular contacts via an extracellular
calcium-independent mechanism. Exp Nephrol 10:209–215

21. Hizoh I, Haller C (2002) Radiocontrast-induced renal tubular
cell apoptosis: hypertonic versus oxidative stress. Invest
Radiol 37:428–434

22. Parvez Z, Rahman MA, Moncada R (1989) Contrast media-
induced lipid peroxidation in the rat kidney. Invest Radiol
24:697–702

23. Bakris GL, Lass N, Gaber AO, Jones JD, Burnett JC Jr (1990)
Radiocontrast medium-induced declines in renal function: a
role for oxygen free radicals. Am J Physiol 258:F115–120

24. Katholi RE, Woods WT Jr, Taylor GJ, Deitrick CL, Womack
KA, Katholi CR, McCann WP (1998) Oxygen free radicals
and contrast nephropathy. Am J Kidney Dis 32:64–71

25. MacNeill BD, Harding SA, Bazari H, Patton KK, Colon-
Hernadez P, DeJoseph D, Jang IK (2003) Prophylaxis of con-
trast-induced nephropathy in patients undergoing coronary
angiography. Catheter Cardiovasc Interv 60:458–461

26. Briguori C, Colombo A, Airoldi F, Violante A, Castelli A,
Balestrieri P, Paolo Elia P, Golia B, Lepore S, Riviezzo G,
Scarpato P, Librera M, Focaccio A, Ricciardelli B (2004)
N-Acetylcysteine versus fenoldopam mesylate to prevent
contrast agent-associated nephrotoxicity. J Am Coll Cardiol
44:762–765

27. Yoshioka T, Bills T, Moore-Jarrett T, Greene HL, Burr IM,
Ichikawa I (1990) Role of intrinsic antioxidant enzymes in
renal oxidant injury. Kidney Int 38:282–288

28. Zimmermann C, Winnefeld K, Streck S, Roskos M, Haberl
RL (2004) Antioxidant status in acute stroke patients and
patients at stroke risk. Eur Neurol 51:157–161

29. Cherubini A, Polidori MC, Bregnocchi M, Pezzuto S,
Cecchetti R, Ingegni T, di Iorio A, Senin U, Mecocci P (2000)
Antioxidant profile and early outcome in stroke patients.
Stroke 31:2295–2300

30. Toleikis PM, Godin DV (1995) Alteration of antioxidant sta-
tus in diabetic rats by chronic exposure to psychological stres-
sors. Pharmacol Biochem Behav 52:355–366


