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Abstract

In this paper, the percentage of chromosomal aberrations, micronuclei and mitotic index were
measured in mice bone marrow as a method for assessing the ability of Omnipaque 350 to
increase chromosomal aberrations, micronuclei and reduce mitotic index with or without X-ray.
Laboratory mice were used for this purpose and divided into two groups: control groups and
treated groups. Control groups consist of three groups, two are negative groups (the first received
0.25 ml of distilled water and the second was irradiated by three doses of 60 KeV) while the last
one is positive group which was treated with 0.25ml of Omnipaque only for 24 hour. The treated
groups are treated with Omnipaque and X-ray together but in different times by injection
Omnipaque before, after and between two radiations. Experimental data was analyzed. The
results demonstrated that Omnipaque alone has the ability to increase chromosomal aberrations,
micronucleus and reduce mitotic index significantly (P<0.05).

Key words: Omnipaque 350, X-ray, Genotoxicity, Chromosomal aberrations, Mitotic index
and Micronuclei.

Introduction constant medium. The molecular formula of
OP 350 is CigH»lsN30q. lohexol has
molecular weight of 821.14 (iodine content
46.36%) (3).Omnipaque 350 is non-ionic
monomer iodinated CM that can be used for

Contrast media (CM) are widely used in
medical imaging for example computed
tomography (CT scan), magnetic resonance

images (MRI) and X-ray applications.

Contrast medium is useful in distinguishing many diagnostic procedures (4, 5). X-ray is

) ionizing radiation has enough ener to
between normal and abnormal areas and it g g ay

e o ionize atoms or molecules in biological
can be classified as; iodinated contrast g

. - systems. X-ray was used in diagnostic
media (ICM) and non-iodinated contrast y y g

media. lodinated CM also can be divided radiology and capable to induce both gene

] .. . mutations and chromosomal aberrations. X-
into ionic and non-ionic (1). Structurally, a

. . ray directly damages DNA molecule or
one benzene ring or two benzene rings may

exist in CM forming monomer or dimer indirectly by forming reactive compounds
respectively (2). Omnipaque 350 (OP 350)

or lohexol (350 mg I/ml) is radiographic

that react with the critical molecules of cell
such as DNA (6).There is a relationship

between a contrast medium and X-ray.
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Contrast medium works to block X-ray

transition and improve images (7). In

diagnostic radiology, iodinated contrast
media are largely utilized. Previous study
has demonstrated by cytogenetic analysis
the effects of both X-ray and CM
experimentally on cell culture in vitro (8).
There are many results demonstrated the
genotoxicity of CM in the lymphocyte cells
of persons undergoing angiography. Many
studies showed that many CM alone has the
capacity to stimulate genotoxic impacts, and
when combined with X-ray, genetic damage
The

media propose that CM

will increase. radiological contrast
increase the
absorbed dose and may improve the blood
cell sensitivity to the radiation induced cell
damage (9, 10). The osmolality, viscosity,
density and the number of iodine per
milliliter in the solution are the most
consequential properties of CM and related
to their efficacy and safety. Therefore, CM
shows chemotoxic effects due to their direct
toxicity and physiological properties (11).
This study was purposed to evaluate the
cytogenetic effects of OP 350 on mice bone
marrow stem cells when was given alone or

combined within X-ray.
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Materials and Methods

Dose and concentration of Omnipaque
(OP) 350

Omnipaque (350mg I/ml) is the product of
(GE Healthcare, Ireland). It was obtained
from Al-Zahra Teaching Hospital. Each 1ml
of OP contains 350 mg of lodine. Our dose
of OP 350 in this experiment is about 0.25
ml. This dose of OP 350 (0.25 ml) contains
90 mg of lodine. The administration route of
OP through the intraperitoneal injection .It
was absorbed by organ tissue via continued
accumulation (12).

Dose of X-ray

Mice were irradiated by ionizing radiation
(X-ray) in AL-Zahra Teaching Hospital,
Department of X-ray. CT scan is a medical
diagnostic tool that can give multi doses (3
dimensional, 3D) of X-ray respectively. The
dose of X-ray that was used in our
experiment by X-ray machine is multi-doses
of 60 KeV (3 doses of 60 KeV, mimicking
the CT-scan effects) (12, 13).The animals
were put in a plastic cage under the source
of energy and made them recieved 3 doses

of 60 KeV recpictively.
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Laboratory animals

Sixty albino Swiss male mice were obtained
from National Center for Drug Control and
research / Ministry of Health / Baghdad.
Their age ranged between (8-12) weeks and
weighting (25 +2) gm. They were divided
into 6 groups, each group was put in a
separated plastic cage under laboratory
conditions.

Administration of laboratory animals

The animals were allocated into two main

groups: control and treated groups.

Control groups

The animals (mice) of control groups were
divided into three groups:-

The

animals were treated only with (0.25

e Negative control group 1:

ml) of distilled water. Negative

control group 1 (10 animals) were

killed after 24 hour. The mouse bone

marrow samples were taken for
cytogenetic analysis (MI, CA, and
MN).

e Negative control The

animals were exposured to 60 KeV for

group 2:

three doses of X- ray. Negative control
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group 2 (10 animals) were Killed after
24 hr.

e Positive control group: The animals
were treated with (0.25 ml) OP 350.
Positive control group (10 animals)
also was killed after 24 hr.

Treated groups

The mice in these groups were injected
intraperitoneally with single dose of OP 350
(0.25ml) and irradiated by X-ray (3 doses of
60 KeV) in different times.

Three groups (10 mice for every group)
were used for this experiment; these groups
were divided as follow:

e Group I: The animals were injected
firstly with OP 350 (0.25ml) then
immediately irradiated by 60 KeV, 3
doses per animal.

e Group |II: The
irradiated by X-ray (also 60 KeV, 3
doses per animal) then injected with
OP 350 (0.25 ml).

e Group IIl: The
irradiated by 3 doses of X-ray (60
KeV) then injected with OP350
(0.25ml)and rradiated by 3 doses of
X-ray again.

animals were

animals were
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After 24hr. of last completion of
each experiment, the mice were
killed, samples of bone marrow were
taken and cytogenetic analyses were
carried out as described later.

Cytogenetic experiments

Chromosome preparation from somatic

cells of the mouse bone marrow

The experiment was done according to Allen
et al (14). Colchicine was injected 2 hr.
before sacrifice. Mice were sacrificed by
cervical dislocation. It was dissected and
both of femur bones were excised. Bone
marrow was aspirated by flushing with 5mi
of phosphate buffer saline (PBS) in the
centrifuge tube. The suspension was flushed
in the tube properly to get good cell
suspension and centrifuged for 10 min at
2000 rpm. Supernatant was discarded and
the pellet was treated with pre-warmed
(37°C) 5 ml of KCI and shaken well.
Suspension incubated in a water bath at
37°C for 20 min. Pellet was treated with
freshly 5ml prepared fixative solution
(Methanol: Glacial Acetic Acid, 3:1) and
shaken well then centrifuged for 10 min at

2000 rpm. Fixative was repeated 3 times to
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get debris free white pellet. Few drops from
the tube were dropped vertically on the
slide. Slides were kept overnight to dry then
stained with (Giemsa’s stain) and observed
under microscope in 40 x and then in 100 x
magnifications. A total of 100 well spread
metaphase  plates were scored for
chromosomal aberrations (chromatid break,
polyploidy, acentric fragment, ring and
fragment) were counted and the data of
scoring  was

expressed as percentage

chromosomal aberrations.
Cytogenetic analysis
1-Mitotic index (M) assay

The slides were examined under high power
(40 X) of light microscope and (1000) of
divided and non-divided cells were counted
and the percentage rate was calculated for
only the divided ones (metaphase cells)
according to the following equation (15):-
(%) =

Metaphase Index

Number of metaphase  cells

of the cell(1000)

x 100
Total number

2-Chromosomal aberrations (CA) assay
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The prepared slides were examined under
the oil immersion lens (100X) of light
microscope for 100 divided cells per each
animal, and the cells had to be at the
metaphase stage of the mitotic division
where the chromosomal aberrations were
clear and the percentage of these aberrations
could be estimated (14).

3-Micronucleus MN assay

This experiment was done according to
method of Schmid (16) as follow:-

The femur bone cleaned from tissues and
muscles, and then gapped from the middle
with a forceps in a vertical position over the
edge of a test tube by a sterile syringe. One
ml of human plasma (heat inactivated) was
injected so as to wash and drop the bone
marrow in the test tube. Then the test tubes
were centrifuged at speed of 1000 rpm for 5
min. The supernatant was removed, and one
drop from the pellet was taken to make a
smear on a clean slide. The slides were kept
at room temperature for 24 hour. The slides
were fixed with absolute methanol for 5
min., then stained with Giemsa stain for 15

min, then washed with distilled water and
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left to dry. Two slides for each animal were
prepared for micronucleus test. The slides
were examined under the oil immersion
lens, and at least 1000 polychromatic
erythrocytes (PCE) were examined for the
presence of micronucleus. The micronucleus
index was obtained using the following

equation:

(Nurrber of micronucle i W
\  Total count of PCE )

MN Index = x 100

Statistical analysis

The values of the investigated parameters
were given in terms of mean * standard
error, and differences between means were
assessed by analysis of variance (Two-
sample T-test) using the computer program
Minitab release (14.12) discovery Copyright
2004. The difference was
significant when the probability value was

considered

less than p <0.05.

Results and discussion

Table (1) shows the percentages of mitotic
index in mice bone marrow for negative
control grouplin comparison with other
groups (negative control group 2, positive

control and treated groups). There is a
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significant difference when we compared
between negative control group 1(0.25 ml of
D. W.) and other groups (negative control
group 2, positive control and treated groups
(1, 1M and I11) and these differences may be
back to the toxic effect of OP 350 alone or
combined with X-ray by reducing the
mitotic index (MI). All these results were
significant at (P<0.05).

Table (1) : Percentages of mitotic index
in mice bone marrow for negative control
1 and 2), positive control and treated
groups

Mitotic index

Negative control group 1
(0.25 ml of D.W)

% M+SE

Negative control group 2 | **5.22 + 0.086
(three doses of 60 KeV X-
ray )
Positive control group °*4,00 + 0.62
(0.25 ml of OP 350 alone )
Treated group 1 (OP350
+X-ray)
Treated group 2 (X-ray +
OP 350)
Treated group 3 (X-ray+ | *2.500+ 0.12
OP 350 +X-ray )
®Negative control group 2 Vs. Negative control
group 1, ® Positive group Vs. Negative control group

1, © treated group Vs. Negative group 1, *Significant
at (P<0.05).
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Table (2): Percentages of different types of chromosomal aberrations (CA) in mice bone
marrow for negative control group (1 and 2) , positive control group and treated groups

(Mean % SE):-
Chromosomal aberrations %
Experimental
Groups Acentric Ring | Polyploidy | Break | Fragment Total %
Fragment % % % % %
Negative control group 1 54+ 0.000 + 0.000 + 02+ | 5+ 0.707 106+1.6
(0.25 ml of D.W.) 1.75 0.000 0.000 0.2
Negative control group 2 6.8 +2.18 0.6 + 04 + 0.8+ 9.60 + 182+2.2
(3 doses of 60 KeV) 0.245 0.245 0.374 1.29
Positive control (0.25 ml 11.00 + 2.55 4+ 1.2 2.4 18+ 2.19 °"36.60 + 4.3
of OP 350) 1.14 + +1.94
0.583
Treated group | 25.8 +6.76 4.8 + 12 + 04+ 20+ 1.26 “52.2+8.1
(OP 350 + X-ray) 1.32 0.49 0.245
Treated group Il (X-ray + | 18.20 + 5.00 24+ | 1 +0447 | 02+ 15.60 + ©37.40 +
OP 350) 0.872 0.2 291 75
Treated group I 35.60 + 347 | 1520+ 118 + 097 ]| 18+ 25.60 + ©80.00 + 6.7
(X-ray + OP 350 + X-ray) 3.71 0.347 5.23

# Negative control group 2 Vs. Negative control group 1,
group Vs. Negative group 1, *Significant at (P<0.05)

" Positive group Vs. Negative control group 1, treated

Result of chromosomal aberrations (Table
2) in positive control group (0.25 ml of OP
350 only) showed a high frequency of total
chromosomal aberrations (36.6 %) in mice
bone marrow cells, this finding was
significant (P<0.05) when compared with

negative control group 1 (10.6%). While the
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result of total CAs of negative control group
2 (treated with three doses of 60 KeV X-ray)
showed a low frequency of total
chromosomal aberrations (18.2 %) in mice
stem cells, but this result  was also
significant (P<0.05) when compared with
significant (P<0.05) when compared with

negative control group 1 (10.6%). Animals
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in the three treated groups (I, 1l and III),
which are treated with OP 350 and X-ray
together but in different times (OP 350+X-
ray =52.2%, X-ray+ OP 350 = 37.4%, X-ray
+OP 350+X-ray = 80%) gave a high
significant difference in mice bone marrow
cells, when compared with negative control
group 1 (10.6 %). But when the same dose
of OP 350 was given between two
irradiation, the result of total CAs showed a
very high significant value (P<0.05) when
compared with negative control group 1.

Table (3):- Percentages of micronuclei (MN)
in bone marrow of mice for negative control

group 1 and 2, positive control and treated
nrniing (Mean + SF)

Groups Micronucleus
% M+SE
Negative control group 1(0.25 ml 2.62 +0.12

of D.W.)

Negative control group 2 (3 doses
of 60 KeV X-ray)

*33,720 +0.23

Positive control (0.25 ml of OP *04.98 +0.12
350)
Treated group 1 (OP 350 +X-ray) *5.54 +0.29

Treated group 2 (X-ray + OP 350) | *°5.060+ 0.12

Treated group 3 (X-ray+ OP 350 *¢8.780 + 0.45

+X-ray)

# Negative control group 2 Vs. Negative control
group 1, ® Positive group Vs. Negative control
group 1, “treated group Vs. Negative group 1,
*Significant at (P<0.05)

108

Negative control group 1, © treated group
Vs. Negative group 1, *Significant at

Table (3) shows the results of micronuclei
(MN). The frequency of MN in negative
control 1 appeared a significant differences
when compared with positive group
negative control group 2 and all treated
groups at (P<0.05).

The positive control showed a significant
reduction in MI and a high increasing in
CAs and MN. The reason of these results is
related to the cytotoxic impact of OP 350 as
OP 350 is iodinated CM contain iodine in its
basic chemical structure, has cytogenic
effects on MI by reducing cell division of
mice bone marrow. Reducing of MI by OP
350 may be caused by antiproliferative
properties of iodine atoms and their effects
on arresting cell cycle (G1 and G2- M
phases) (17). lodine showed cytogenetic
effects on MI by inhibition the activation of
certain gene called Protein kinase B (PKB),
also known as Akt, which is responsible for
proliferation of cells (18). OP 350 is
nonionic CM has triiodobenzoic acid. This
trilodobenzoic acid is capable to reduce

mitosis. Because the triiodobenzoic acid has
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Figure (1):Shows different chromosomal aberrations in mice bone marrow (100X)
injected only with OP 350. A: ring B: acentric fragment C: polyploidy D: fragment.
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Micronucleus
-

&

-

Normal cell

Figure (2): Formation of MN by OP 350
only (100X)

the capacity to produce chromosomal
aberrations, the cell cycle will arrest and
delay by the action of checkpoint (blocking
of cell division) to prepare for mechanism of
repair system (19).The ability of OP 350
(ICM) to form CAs and MN is related to one
of the following reasons:- [1] Toxic iodine
in trilodobenzoic acid has the capacity to
react with nucleus and produce various
protein and DNA fractions by iodinating
double bonds.[2] lodine can work as a
strong free radical (20, 21).
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Therefore, OP 350 can produce CA and MN
in mice stem cells. Figure (1 and 2) showed
different chromosomal aberrations (ring,
acentric fragment, polyploidy, fragments)
and MN in positive control group (OP 350
only).The results of negative control group 2
(X- ray treatment) demonstrated that X-ray
can induce clastogenic effects on cells of
mice bone marrow. One of these effects is
reducing the normal cell division. X-ray can
reduce MI significantly to (5.22% in
comparison with negative control groupl)
(P<0.05) by delay cell transition from phase
to another phase because the presence of
CAs (DNA damage by action of X-ray) (22).
The most common effect of ionizing
irradiation is its capacity to react directly
within the molecular components of cells or
indirectly within water molecules leading to
form water derived radicals. Free radical
interacts with proximate molecules in a very
stumpy time producing many fractions in
chemical bonds or oxidation of the affected
molecules. DNA is the main purporting for
irradiation damaging as DNA perversions
can die or mutate human or animal cells (23,

24). The results of the three treated groups
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indicated the reducing of MI and increasing
of CA and MN. These results are due to the
interaction between the contrast media (OP
350) and X-ray effects.
between OP 350 and X-ray was found.

The interaction

Omnipaque 350 is nonionic ICM has three
atoms of iodine (which is toxic) attached
within benzene ring at 2, 4, 6 sites, forming
trilodobenzoic acid. lodine atom itself can
produce CAs and was used to prevent the
biological tissues by attenuation of X-ray.
When Omnipaque 350was injected, it would
be absorbed rapidly by reticulo endothelial
system (RES) and attached covalently to cell
membrane. when
absorbed by OP 350 (iodine), OP 350 within

X-ray will hit DNA and produce many

Therefore, X-ray is

damages, loading to delay cell cycle and
repair system. Antiproliferative properties
of iodine atom and triiodobenzoic acid have
many effects on cell cycle arresting (usually
in G; phase and in addition to G,/ M
phase).They also can inhibit the activation
of certain gene which is (Akt). On another
hand, in exposure of X-ray, lodine can
attenuate X-ray to prevent the biological
tissue. Emission of any type of radiation
radioiodine has

from the capacity to
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incapacitate chemical bonds everywhere of
the cell, produce many fractions on DNA
molecule and further  cellular
dysfunction (25, 26).

radioiodine attenuates X-ray, it will emit this

cause
Therefore, when
energy to the surrounding biological tissue,
loading to produce more DNA damage. In
our present study, decreasing of MI related
to the antiproliferative properties of iodine.
In addition, the dangerous interaction
between ICM and X-ray may also inhibit the
DNA repair system (9, 27 and 28).

researchers proposed that there are varying

Some

between X-ray dose absorbed by blood cells
of persons treating by angiocardiography in
the presence or absence of CM. They
determinate the effect of CM and X-ray dose
using chromosomal abnormality assay and
of CM:- (a)
Absorption of X-rays can be increased.(b)

concluded two impacts
Contrast medium has the ability to form

chromosomal fractions even in the

absenteeism of X—rays (29).

Conclusions
OP 350 is a cytotoxic contrast medium,
which shows significant genotoxic effects

on mouse bone marrow stem cells and there
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in Mi
significant increasing in CA and MN caused
by OP 350 alone or within X-ray. Both OP
350 and X-ray as a combined treatment

is a significant reduction and

demonstrated a very aggressive effects on
mouse stem cells, which may belongs to the

interact action of both agents.
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