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A B S T R A C T

This study reveals the antioxidant properties of iodinated radiographic contrast media to be used in diagnostic
radiology. Di(phenyl)-(2,4,6-trinitrophenyl) iminoazanium (DPPH), ferric reducing ability of plasma (FRAP),
and 2,2′-azino-bis (3-ethylbenzthiazoline-6-sulphonic acid) (ABTS) assays were used for determining in vitro the
antioxidant properties of five iodinated radiographic contrast media such as iobitridol (xenetix), iodixanol
(visipaque), iohexol (omnipaque), ioxaglate (hexabrix), and isovue (iopamiro). An ascorbic acid and Trolox
solution served as a positive control. The absorbance intensity of the colored product was recorded using a
spectrophotometer. For DPPH and ABTS assay, the absorbance intensity at 533 and 752 nm, respectively was
decreased when compared to control; it indicated an increase in antioxidant activity. For FRAP assay, the ab-
sorbance intensity at 593 nm was increased when compared to control; it indicated an increase in antioxidant
activity. The results showed that five iodinated radiographic contrast media did not differ in DPPH• radical-
scavenging activity when compared to a corresponding control. The ferric reducing ability of all of these iodi-
nated radiographic contrast media also did not differ when compared to a corresponding control, except for
iobitridol at 200mgI/mL and ioxaglate at 50–200mgI/mL. All iodinated radiographic contrast media showed
ABTS•+ radical-scavenging activity. This finding suggested that iobitridol, iodixanol, iohexol, ioxaglate, and
isovue exhibited weak in vitro antioxidant properties. The antioxidant ability depended on the type of free radical
production and the concentration of iodinated radiographic contrast media.

1. Introduction

Iodinated radiographic contrast media is the most commonly used
method in diagnostic radiology. It is a tri-iodinated derivative of ben-
zoic acid [1]. Although iodinated radiographic contrast media is gen-
erally safe, side effects can still occur. However, the risk of side effects
from nonionic iodinated radiographic contrast media is one-fifth that of
ionic iodinated radiographic contrast media and the risk for mild side
effects and severe side effects is one-tenth. Patients who receive non-
ionic iodinated radiographic contrast media that experience severe side
effects occur in only 0.04% of cases, while 0.2% of those receiving ionic
iodinated radiographic contrast media experience severe side effects.
The risk of side effects from exposure to iodinated radiographic contrast
media increases in high-risk patients, particularly in patients with
asthma, or allergies. In addition, those suffering from dehydration,
heart disease, preexisting renal disease, sickle cell anemia,

polycythemia, and myeloma are also at risk [2–4]. Iodinated radio-
graphic contrast media-induced nephropathy is one of the most
common reasons for the occurrence acute renal failure in hospitalized
patients [5]. It is possible that one of the possible mechanisms of io-
dinated radiographic contrast media-induced nephropathy is associated
with renal oxidative stress which mediates the damage to cell mem-
branes and mitochondria resulting in cellular apoptosis and necrosis
[5–7]. However, N-acetylcystein (NAC), a thiol containing an anti-
oxidant and a reactive oxygen radical scavenger, has been shown to
prevent iodinated radiographic contrast media-induced nephropathy
[7,8]. In addition, calcium, zinc, vitamin E, virgin olive oil and olive
leaf extract have been shown to ameliorate renal damage in rat [9,10].
The role that iodinated radiographic contrast media has in oxidative
stress is still worth investigating. However, the objective of this current
study was to observe the reaction of iodinated radiographic contrast
media with free radicals in in vitro. Three in vitro assays used in this
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study were di(phenyl)-(2,4,6-trinitrophenyl) iminoazanium (DPPH)
assay, ferric reducing ability of plasma (FRAP) assay, and 2,2′-azino-bis
(3-ethylbenzthiazoline-6-sulphonic acid) (ABTS) assay, since those as-
says are the most common in vitro assays that are used to evaluate
antioxidant activity and the action mechanism of non-enzymatic anti-
oxidants. The reaction mechanism of DPPH, FRAP, and ABTS assays are
based on single electron transfer/hydrogen atom transfer reactions,
single electron transfer reaction, and hydrogen atom transfer reaction,
respectively [11–13]. In this study, we evaluated the antioxidant ac-
tivity of iodinated radiographic contrast media such as iobitridol (xe-
netix), iodixanol (visipaque), iohexol (omnipaque), ioxaglate (hex-
abrix), and isovue (iopamiro) that are currently used in diagnostic
radiology.

2. Materials and methods

2.1. Chemicals

Five commercially available iodinated radiographic contrast media
are iobitridol (xenetix; Guerbet, France), iodixanol (visipaque; GE
Healthcare, Ireland), iohexol (omnipaque; GE Healthcare, China), iox-
aglate (hexabrix; Guerbet, France), and isovue (iopamiro; Bracco,
Italy). These iodinated radiographic contrast media are mainly used in
diagnostic radiology. Di(phenyl)-(2,4,6-trinitrophenyl) iminoazanium
(DPPH), ascorbic acid, 2,4,6-tri(2-pyridyl)-s-triazine (TPTZ), Trolox,
and 2,2′-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid) (ABTS) were
purchased from Sigma–Aldrich (St. Louis, MO, USA).

Fig. 1. Concentration responses of iodinated radiographic contrast media (A–E) and ascorbic acid (F) in the DPPH reaction. Mean values ± SD are presented.
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2.2. Di(phenyl)-(2,4,6-trinitrophenyl) iminoazanium (DPPH) assay

The DPPH assay was performed based on the work of Sun et al. [14]
with some modifications. A brief summary of this process is as follows:
DPPH was dissolved in ethanol to obtain a 0.2 mM concentration. The
working solution (0.5 mL) composed of 1, 10, 50, 100, and 200 mgI/mL
of iodinated radiographic contrast media in distilled water were al-
lowed to react with 2.5mL of 0.2mM DPPH solution for 30min at room
temperature in the dark. Next, absorbance intensity of the colored
product was recorded at 533 nm using a spectrophotometer (Agilent
8453, UV–vis spectrophotometer). The ascorbic acid was used as a
positive control.

2.3. Ferric reducing ability of plasma (FRAP) assay

The FRAP assay was performed based on the method used by Benzie
and Strain [15] with some modifications. In summary, the stock solu-
tions included a 300mM acetate buffer, pH 3.6, a 10mM 2, 4, 6-tri-
pyridyl-s-triazine (TPTZ) solution in 40mM HCl, and a 20mM
FeCl3·6H2O solution. The working FRAP solution was freshly prepared
by mixing an acetate buffer, TPTZ solution, and a FeCl3·6H2O solution
in a 10:1:1 ratio. The working solution (0.1 mL) of 1, 10, 50, 100, and
200 mgI/mL of iodinated radiographic contrast media in distilled water
were allowed to react with 3mL of the FRAP solution for 8min in the
dark at room temperature. Afterward, the absorbance intensity of the
colored product (ferrous tripyridyltriazine complex) was recorded at
593 nm using a spectrophotometer (Agilent 8453, UV–vis spectro-
photometer). The Trolox was used as a positive control.

2.4. 2,2′-Azino-bis(3-ethylbenzthiazoline-6-sulphonic acid) (ABTS) assay

The ABTS assay was performed based on the procedure done by Re
et al. [16] with some modifications. Briefly, ABTS radical cation (ABTS
%+) stock solution was produced by reaction of a 7mM ABTS solution in
ethanol with a 2.45mM potassium persulfate (final concentration) and
this mixture was permitted to react for 12 h at room temperature in the
dark. Next, the ABTS%+ stock solution was diluted with ethanol to an
absorbance intensity at 752 nm equal to 0.70 ± 0.02. The working
solution (10 μL) of 1, 10, 50, 100, and 200 mgI/mL of iodinated
radiographic contrast media in distilled water were allowed to react
with 990 μL of ABTS%+ stock solution for 4min at room temperature in
the dark. Then, the absorbance intensity of the colored product was
recorded at 752 nm using a spectrophotometer (Agilent 8453, UV–vis
spectrophotometer).

2.5. Statistical analysis

All experiments were performed in duplicate three times (n=3).
We expressed the results as mean ± standard deviation (SD). The
Student’s t-test was used independently to evaluate any statistical dif-
ferences in the mean values between each test group and the corre-
sponding control. A p-value of less than 0.05 was considered as statis-
tically significant.

3. Results

Figs. 1–3 summarize the results. The data in each figure represents
the mean values from three times (duplicate experiments for each
time)± SD. The detailed results for each assay are shown below.

3.1. DPPH assay

For DPPH assay, the absorbance intensity at 533 nm was decreased
when compared to control; it indicated an increase in antioxidant ac-
tivity. Fig. 1 shows the absorbance intensity at 533 nm of the colored
product in iodinated radiographic contrast media groups and in the

corresponding control. This data shows no changes occurring in the
absorbance intensity of the colored product in iodinated radiographic
contrast media groups, relative to the corresponding control at all
concentrations. The absorbance intensity of the colored product in as-
corbic acid decreased in a dose dependent relationship.

3.2. FRAP assay

For FRAP assay, the absorbance intensity at 593 nm was increased
when compared to control; it indicated an increase in antioxidant ac-
tivity. Fig. 2 shows the absorbance intensity at 593 nm of the colored
product in iodinated radiographic contrast media groups and in the
corresponding control. This data shows no change in the absorbance
intensity of the colored product in iodixanol, iohexol and isovue in
relation to the corresponding control at all concentrations. The absor-
bance intensity at 593 nm significantly increased in 200 mgI/mL of
iobitridol and 50–200 mgI/mL of ioxaglate. The absorbance intensity of
the colored product in ferrous sulfate increased as a dose dependent
relationship.

3.3. ABTS assay

For ABTS assay, the absorbance intensity at 752 nm was decreased
when compared to control; it indicated an increase in antioxidant ac-
tivity. Fig. 3 shows the absorbance intensity at 752 nm of the colored
product in iodinated radiographic contrast media groups and in the
corresponding control. The absorbance intensity at 752 nm significantly
decreased in 10–200 mgI/mL of iobitridol, isovue and 200 mgI/ml of
iodixanol, iohexol, and ioxaglate. The absorbance intensity of the co-
lored product in the Trolox group decreased in a dose dependent
manner.

4. Discussion

It has been known that contrast-induced nephropathy is reversible
acute renal failure occurred after usage of iodinated contrast media
during medical procedures such as angiographic, urography [17,18].
Among the several risk factors that are related to contrast-induced ne-
phropathy include such preexisting conditions as renal impairment, and
diabetes mellitus, as well as the volume of radiographic contrast media
administered [19]. The physico-chemical properties of iodinated
radiographic contrast media i.e.; osmolality and ionic or nonionic, also
have been reported to contribute to contrast-induced nephropathy
[20,21]. Oxidative stress that results from an imbalance between free
radicals and antioxidant agents, is one of risk factors that play an im-
portant role in contrast-induced nephropathy [22,23]. In addition, the
authors have reported that ischemic patients who developed contrast-
induced nephropathy were decrease in glutathione [24].

Recently, the antioxidant properties of radiographic contrast media
have been studied in in vitro. Berg et al. investigated the potential
properties of particular iodinated radiographic contrast media such as
diatrizoate (urografin), ioxaglate (hexabrix), iohexol (omnipaque), and
iodixanol (visipaque) in in vitro free radical generating reactions by
mean of a xanthine oxidase reaction, a fenton reaction, the total anti-
oxidant status, and acetyl-cholinesterase assays. These same researchers
showed that high concentrations of ionic iodinated radiographic con-
trast media inhibited superoxide radical production, and that ionic
media is more potent than non-ionic iodinated radiographic contrast
media. Medium concentrations of iodinated radiographic contrast
media reduced hydroxyl radical production, and both types of iodinated
radiographic contrast media were equally potent in that regard. Low
concentrations of non-ionic iodinated radiographic contrast media
showed higher antioxidant capacity than their ionic counterparts when
tested in the total antioxidant status assay [1].

Contrary to earlier findings, this present study results suggested that
iodinated radiographic contrast media did not differ in DPPH% radical-
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scavenging activity when compared to a corresponding control. The
ferric reducing ability of those all iodinated radiographic contrast
media also did not differ when compared to a corresponding control,
except for iobitridol at 200 mgI/ml and ioxaglate at 50–200 mgI/ml.
However, all iodinated radiographic contrast media showed ABTS%+

radical-scavenging activity.
It should be noted that there was an important difference in the

experimental designs between the present study and the study that was
conducted by Berg et al. [[1] regarding the in vitro free radical gen-
erating assay used to investigate the antioxidant activity of iodinated
radiographic contrast media. This present study used the DPPH, FRAP,
and ABTS assays, while a xanthine oxidase reaction, a fenton reaction,
the total antioxidant status, and acetyl-cholinesterase assays were used
in the study conducted by Berg et al. [1].

Of note, a commercial iodinated radiographic contrast media that is
ready-to-use contains an essential additive agent referred to as EDTA. It
might be appropriate to discuss whether the additive agent in iodinated

radiographic contrast media could have been what contributed to the
antioxidant properties rather than any iodinated benzoic acid deriva-
tives (active X-ray agents). The present study results suggested that
iodinated radiographic contrast media exhibited weak antioxidant
properties, but this finding provides hope that their antioxidant efficacy
may be considerable in vivo.

There are several studies that have shown that iodinated radio-
graphic contrast media increased the levels of free radicals and oxida-
tive stress which ultimately can then mediate cell damage [25–27].
Those studies include reports concerning how iodinated radiographic
contrast media increased superoxide in the thick ascending limbs of rats
and the rate of cell death, as well. However, iodinated radiographic
contrast media had no effect on the activity of superoxide dismutase
[28]. The findings in that report were consistent with research done by
other authors. They reported that iodinated radiographic contrast
media might increase reactive oxygen species production, and renal
injury in rats [29]. In addition, iodinated radiographic contrast media

Fig. 2. Concentration responses of iodinated radiographic contrast media (A–E) and ferrous sulfate (F) in the FRAP reaction. Mean values ± SD are presented.
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contributed to particular reactive oxygen species metabolites in rat
kidneys, such as malondialdehyde, a lipid peroxidation end product
that is an oxidative stress marker [20,30]. Authors found reversible
oxidative stress after administration of iopromide solution, iodinated
contrast media, in animal model [31]

Iodinated radiographic contrast media also increased cytotoxicity in
human proximal renal tubular epithelial cells [32,33]. Other authors
showed that iodinated radiographic contrast media caused severe and
prolonged oxidative stress in hemodialysis patients. Moreover, iodi-
nated radiographic contrast media increased advanced oxidation pro-
tein products (AOPP), catalase, 8-hydroxydeoxyguanosine, and mal-
ondialdehyde, which are oxidative stress markers, in hemodialysis
patients [34].

In conclusion¸ the main findings of the present study were that the
tested iodinated radiographic contrast media exhibited weak anti-
oxidant properties in in vitro. However, this depended on the type of

free radical production and the concentration of iodinated radiographic
contrast media. In addition, there are several studies that show that
these agents cause oxidative stress, particularly in hemodialysis pa-
tients, yet our results indicate weak radical scavenging ability and it
does not appear that these compounds cause oxidative stress. The ap-
parent discrepancies between the in vitro and in vivo work need to be
more thoroughly explained.
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Fig. 3. Concentration responses of iodinated radiographic contrast media (A–E) and Trolox (F) in the ABTS reaction. Mean values ± SD are presented.
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