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The introduction into medicine of magnetic reso-
nance imaging with the use of artificial contrast
media has raised the problem of side effects. Pre-
viously we demonstrated [3] that the rates of ab-
sorption of cholecystographic and angiographic x-
ray contrast media by kidney slices were reduced
in rats with experimental renal disease (glycerin
nephritis). Accumulating in the kidneys in low
amounts these agents were eliminated from them
more slowly than in intact animals. By remaining
in the tissue, contrast media may exacerbate
pathological processes in the organs responsible for
their elimination and cause complications of vary-
ing severity.

A rise in the level of lipid peroxidation (LPO)
may be one of the mechanisms of the toxic effect
of contrast media; a shift of this process may re-
sult in changes in cellular, tissue, and organ struc-
ture and functions. Our study was aimed at eluci-
dation of the effects of x-ray and MRI contrast
media on LPO in rat kidneys in vivo and in vitro
in health and disease (experimental glycerin
nephritis, acute CCIl, poisoning of the liver).

MATERIALS AND METHODS

White outbred male rats weighing 180-250 d kept
on a standard diet were used in the experiments.
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The following agents were under study: ionogenic
X-ray contrast media - bilignost 50% and triomb-
rast 76%, manufactured in Kiev, and nonionogenic
agents - omnipaque 300 (Nicomed, Norway) and
its analog iohexol All-Russian Research Chemical-
Pharmaceutical Institute, Moscow); a new Russian
MRI contrast medium: gadolinium complex with
diethyltriamine pentacetate (Gd-DTPA) and one
more MRI contrast medium, GdCI,.

The following doses of contrast media were
used in vive: X-ray contrast media 1 ml/kg, Gd- -
DTPA 0.1 mmol/kg. GdCl, (characterized by ex-
cellent paramagnetic properties but higher toxicity
vs. Gd-DTPA [2]) 0.05 mmol/kg. The animals
were killed under light ether anesthesia one hour
after intravenous injection of the contrast media.
In vifro all media were used in concentrations of
10-4-10-* M, the incubation time being 30-90 min
at 37°C.

Acute liver failure was simulated by a single
intramuscular injection to rats of CCl, in a dose
of 0.4 m! per 100 g weight [6]. Acute kidney fail-
ure was induced by a single i.m. injection of 50%
glycerin solution (10 ml/kg) [7]. Animals were
decapitated under ether 24 h after CCl, injection
or 72 h after glycerin injection.

The rate of LPO was assessed by spectropho-
tometry of malonic dialdehyde (MDA) in rat kid-
ney homogenate at wavelength 532 nm [1] using
an SF-16 spectrophotometer. MDA content was
estimated in nm per gram fresh tissue. Results
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TABLE 1. Effect of Contrast Media (107* M) on in Vitro Lipid
Peroxidation in Rat Kindey Homogenate for Various Incubation
Periods (M=*m) "

MDA content, nmol/g tissue
Cont.rast Incubation time, h
medium
03 10 1.5
Control 10.2%=1.3 19.7=1.3 24.7%=2.6
Bilignost 12.3%11 36.6+1.27 31.5+=1.4
Triombrast 12.9%+1.2 30.4=1.27 38.0=1.3*
Iohexol 11.2+1.2 27.9%£3.9 28.6%=2.5
Omnipaque 11.9=1.2 27.1=1.47 28.9=1.2
GdCl, 14.5+=1.4 49.3=*1.5" 51.1£2.9"
Gd—-DTPA 11.721.3 24.0%=1.2 25.1=1.4

Note. Here and in Tables 2—4 an asterisk shows reliable
{p<0.05) values.

were statistically processed using the Student 7 test;
values at p<0.05 were considered reliable.

RESULTS

The rate of LPO in rat kidneys was found to
depend on the duration of kidney tissue exposure
to contrast media, the concentration of medium,
and the status of the excretory organs.

Table 1 shows that the spontaneous LPO level
in intact rat kidney homogenate increased as a
function of the incubation time from 10.2£1.3 to
24.7+ 2.7 nmol/g during 0.5-1.5 h of observation;
this increase was most strongly expressed during the
first hour, and therefore in subsequent experiments
we studied the effect of contrast media on LPO
after a one-hour incubation of homogenate with
the agents. It should be noted that in glycerin
nephritis the LPO level in the kidneys increased
by 62% but was unchanged in acute CCl, poison-
ing (Tables 2 and 3).

The examined contrast media variously chan-
ged the rate of LPO in intact rat kidney homo-
genate. In vitro with contrast media used in a
concentration of 104 M (Table 2) only GdCl,

TABLE 2. Effect of Contrast Media (10~* M) on in Vitro Lipid
Peroxidation in Rat Kidney Homogenate in Health and Disease
(M= m)
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raised the LPO level (by 52%) in intact rat kid-
ney homogenate; in disease (nephritis) GdCl, and
bilignost raised it by 51 and 38%, respectively,
whereas in liver intoxication the rise was by 48
and 93%.

Increasing the contrast media concentration to
10 M led to a rise of the rate of LPO in rat
kidneys GdCI, was found to be most toxic: it in-
creased LPO in health and disease more than
twofold. Other contrast media also influenced lipid
peroxidation, though not as much as GdCl,. In
disease this effect was more noticeable than in
health. For example, bilignost (10> M) in glyc-
erin nephritis induced twofold rise of the LPO
level and raised it 2.6 times in liver intoxication
as against a 1.8-fold increase in intact animals.

The nonionogenic contrast media iohexol and
ommnipaque had the least effect on renal lipid
peroxidation in vifro. GAd-DTPA, an MRI contrast
medium, did not change the lipid peroxidation
level.

Studies of rat kidney LPO ixn vivo showed that
its levels in homogenate were the same in Vifro
and in vivo (control values shown in Tables 2 and
4). Moreover, just as in vitro, the level of sponta-
neous LPO in the kidneys of rats with glycerin
nephritis was higher than in intact animals or
those with CCl, poisoning (Table 4).

The studied contrast media, when injected in-
travenously, influenced renal lipid peroxidation in
the following manner. In intact animals only
GdCl, and bilignost intensified lipid peroxidation
(uniformly, by 1.5 times). In rats with glycerin
nephritis all the agents except Gd-DTPA changed
the level of LPO, GdCl, and bilignost being most
toxic. In animals with acute liver poisoning the
LPO level remained unchanged not only after Gd-
DTPA injection, but after iohexol and ommnipaque
as well, whereas bilignost, a hepatotropic agent,
was the most active under such conditions and
raised the LPO level more than twofold (Table 4).

TABLE 3. Effect of Contrast Media (1073 M) on in Vitro Lipid
Peroxidation in Rat Kidney Homogenate in Health and Disease
{(M%m)

MDA content, nmol/g tissue MDA content, nmol/g tissue
C as ntrast
moer(ligm,f intact glycerin acute CCl, Icn(;d;f; intact glycerin | 2W€ CcCl,
animeals nephritis intoxication animals nephritis intoxication
of liver of liver
Control 19.7+1.3 31.9%+1.2 22.2+=1.2 Control 19.721.3 31.9%+1.2 22.2%=1.2
Bilignost 22.7%=1.3 440=2.1* 42.8%+1.3" Bilignost 36.6%=1.2" 66.4+3.3" 58.8%=1.2*
Triombrast 22.3x2.1 33.8%+1.6 23.1*=24 Triombrast 304=1.2" 56.5+2.3" 38.4%=1.3"
Iohexol 21.8=1.2 32.6=1.8 22.3x1.4 Iohexol 27.9%3.9 51.6=1.2" 28.6%=1.2"
Omnipaque 22.0=1.5 32.9%=1.4 22.6=2.1 Omnipaque 27.1%1.4" | 52.9%2.0* 30.4+1.2°
GdcCl, 30.0=%=1.8* 62.8=2.1" 32.9%1.3* GdCl, 49.3=1.5" 74.8+1.2° 45.7£3.6”
Gd—DTPA 20.6%+2.2 32.4=%+1.2 22.8=1.4 Gd—-DTPA 24.0=1.2 38.4%=1.2 20.8=1.2
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Hence, analysis of the findings has shown
GdCl, to be the most toxic agent, increasing lipid
peroxidation by 1.5-2.5 times in rat kidney
homogenate in vive and in vifro in both health
and disease. Bilignost proved similar to it in its
effect. The rest of the studied contrast media less
strongly affected the LPO level in rat kidneys, the
intensity if their effects diminishing in the follow-
ing order: bilignost>triombrast>iohexol=omnipaque.
In disease (glycerin nephritis, acute CCl, poison-
ing of the liver) the effects of the media on the
level of LPO were more pronounced. Our data
indicating a higher toxicity of ionic as opposed to
nonionic x-ray contrast media are in line with the
findings of Parevrz et al, who investigated the
effects of diatrizoate, an ionic X-ray contrast me-
dium, and the nonionic iopromide on spontaneous
lipid peroxidation in the kidneys of rats with glyc-
erin nephritis [5].

The data on contrast media intensified lipid
peroxidation should be taken into consideration in
the clinical setting, for diagnostic studies making
use of contrast media are mainly carried out in
patients with visceral diseases, including excretory
organ insufficiency, which may result in inversion
of contrast medium excretion: for example, cholegra-
phic iodoxamate, excreted in health by the liver,
may be excreted by the kidneys in the case of
liver disease, remaining in the body and aggravating
the pathological processes in the involved organ [4].

We consider the increased nephrotoxicity of
the examined contrast media in experimental dis-
eases of not only the kidneys but also of the liver
to be clinically important. Liver intoxication with
CCl, appears to be associated with disturbances and
depletion of the antioxidant system of the whole
body, this stepping up the effect of contrast media
vis-a-vis LPO induction in the kidneys both in
vivo and in virro. These data indicate the advis-
ability of using antioxidants for premedication
when carrying out contrast examinations of patients
with severe pathological changes, which are asso-
ciated as a rule with intensified lipid peroxidation
processes.

From the standpoint of pharmacological inert-
ness, the nonionic agents ommnipaque, ultravist,
etc., are the safest, but they are expensive and are
not yvet manufactured in Russia. Our previous data
on the effect of iohexol, synthesized at the All-
Russian Research Chemical and Pharmaceutical
Institute in Moscow, on human and rat blood
macro- and microrheology and on lipid peroxida-
tion processes in rat liver and kidney tissue in
health and disease prove the advisability of seek-
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TABLE 4. Effect of Contrast Media on in Vivo Lipid Peroxi-
dation in Rat Kidney Homogenate in Health and Disease
(M=*m)

MDA content, nmol/g tissue
Contrast

medium intact glycerin acute CCl,
animals nephritis mtoxu;atmn

of liver

Control 20.3%2.3 29.8%=2.0 22.0+1.7
Bilignost 30.5+1.4" 50.1=1.4" 53.1=14"
Triombrast 27.1=1.4 43.6*1.2* 31.6%+1.2°

Iohexol 19.1+3.3 40.4*1.3" 28.4==1.2

Omnipaque 256=1.2 42.8%+1.3" 26.7+1.0
GdcCl, 32.8=1.2" 51.6=1.2" 36.1=1.27

Gd—-DTPA 20.8+1.2 33.4=1.4 25.1=1.4

ing new nonionic contrast media to be used in x-
ray diagnosis, as these have proved safer than
ionic media.

Currently, methods based on magnetic reso-
nance imaging (MRI) are being increasingly intro-
duced into medical practice. In many cases MRI
contrast media are injected to improve the quality
of tomograms. Preliminary results of studies of the
Russian agent Gd-DTPA, which we have received
for preclinical trials, have shown it to be not in-
ferior to magnevist, manufactured by Schering
(Germany), in terms of its magnetic resonance
characteristics and effects on the blood of human
and laboratory animals. The results of the present
study have once more demonstrated that Gd-DTPA
tested in vivo and in vitro has no effect on lipid
peroxidation level in rat kidneys in health and
even in disease, this agreeing with published data
on the lower toxicity of MRI in comparison with
X-ray contrast media [2].

Comparison of the nephrotoxic effects of one
of the safest of the current x-ray contrast media,
ommnipaque, and of the MRI contrast medium Gd-
DTPA has demonstrated the superiority of the lat-
ter and its recommended use for clinical exami-
nations in combination with MRI tomography.
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