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Abstract
Magnesium sulfate (MgSO4) solution has been chosen as alternative contrast medium in computed tomography
scanning (CT-scan). The solution of MgSO4 was a good electrochemical property especially in the blood medium. It
was found that MgSO4 in blood medium served as an antioxidant reagent because cyclic voltammogram had only
one reduction current peak at 0.9 V, while iodine compounds were used as a common contrast medium in CT-scan;
they had two oxidation current peaks in the blood medium at 0.73 V and 0.23 V. In addition, the iodine compounds
caused many problems when used as a contrast medium, but they were the only contrast media used for this purpose. It was found that using MgSO4 solution as an alternative contrast medium in rabbits enhanced CT-scan in the
resolution and increasing Hounsfield unit (HF) values of kidney and heart organ, as compared with that using iodine
compound at the same dose.
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INTRODUCTION
Scientists have recently been interested in important studies to look for alternatives to the contrast media used in medical examination devices
such as X-ray, CT-scan, and MRI that are safer than
the currently used contrast media [1,2].
Some X-rays and a CT-scan (helix) may require
the use of contrast media, depending on the type of
examination and the disease that will be diagnosed.
The contrast medium is a liquid substance that
mostly contains iodine. The advantage of contrast
in computerized tomography is that it increases the
clarity of tissues, organs, and blood vessels. This
increase in contrast is important in some diseases,
and without the contrast medium the radiologist
may not be able to distinguish some diseases [3].
Intravenous contrast media – The reason for calling
it here is that this contrast is injected into a vein.
The goal of venous variation is to improve and enCorresponding author:
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hance image clarity, especially for blood vessels,
brain, liver, kidneys, and heart. It is transparent like
water; the amount of contrast used is usually between 75 and 150 ml. The amount of variance
granted to a patient depends on several factors, including: age, weight and type of organ to be diagnosed [4].
There are two factors in computerized tomography that may raise concerns about patient safety by
taking an iodine contrast medium: the first factor, the
body’s sensitivity to the iodine compound before
taking contrast and asking the patient about his medical history. Another is the problem of kidney failure:
therefore, a kidney function test is performed before
a CT scan [5]. There are different kind of iodine
compounds which used as contrast media in the
CT-scan examination: the first one is renal-oriented
with highly-osmolarity e.g. diatrizoate, iodamide.
The other one is renal orientation, with low osmolarity e.g. iohexol metramid, iopamidol [6].
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An English salt or magnesium sulfate is an inorganic compound (chemical compound) containing
magnesium, sulfur and oxygen, from the formula
MgSO4. Usually called Epsom salt, English salt is
a natural conditioner that helps treat constipation
when ingested internally. It helps increase the water
content inside the intestine. It is considered an intestinal antiseptic, so using MgSO4 as an alternative to contrast media in computed tomography is
safety contrast [7]. Diagnosis with a CT-scan makes
routine use of iodine contrast factors. Patients with
kidney disease or contrast sensitivity impose restrictions on the use of iodine contrast. In such cases, alternative contrast media can be used to perform the procedure. Current alternatives to iodine
include carbon dioxide, gadolinium and the diluted
iodine contrast. Each of these alternatives has its
unique advantages and limitations. Current iodine
alternatives are explored, focusing on applications
and their limitations [8,9]. Venous radial contrast is
used for many different diagnostic procedures to
improve images in different radiology studies. Examples of studies include CT-scans, angiography
and pyelography. These diagnostic procedures are
performed on a daily basis in radiology and interventional cardiac departments worldwide. In general, it is used to improve vascular vision [10].
In the current study, an important thing in the
medical field of radiology, which the use of compounds that are dangerous to human health and
used as a contrast media in diagnosis by radiology
technique since they were discovered and used
widely in this field. The alternative of these compounds was used of MgSO4 solution in X-ray and
CT-scan as safety contrast media.

EXPERIMENTAL
Materials
Bayer Pharma AG Company from the German
company (Berlin Germany) iodine contrast as Iopromide (Ultravist 370) was used as contrast media in
CT-scan. Magnesium sulfate (MgSO4) was used
from Chinese SCRC (China). Ascorbic acid (AA)
was from Technicon Chemicals Co. (Oreq. Tournai
Belgium). Anesthesia materials used to anesthetize
animals such as ketamine 10% from Alfasan company (Netherlands), xylazine 2% from Alfasan (Netherlands). Blood samples of rabbits, and other chemicals and solvents were of annular grade and were
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used as received by the manufacturers. Deionized
water was used to prepare aqueous solutions. All
solutions were deaerated oxygen by nitrogen gas for
10-15 minutes prior to making measurement.
Preparation magnesium sulfate 3M MgSO4
A 3 molar solution of pure magnesium sulfate
(Chinese SCRC) was prepared in a 10 ml volumetric flask, and the crystals were dissolved in deionized water to obtain a 3 molar solution of magnesium sulfate.
Cyclic voltammetry
Ezstat series (potentiostat/galvanostat) NuVant
Systems Inc. pioneering electrochemical technologies USA.
Pyrex cell measuring 10 milliliters and three
electrodes was used:
a. Working electrode: where the glass carbon
electrode (GCE) was used
b. Reference electrode: where Ag/AgCl silver
electrode (3M KCl) was used
c. Counter electrode: Where to use a platinum
wire (1 mm diameter)
All three electrodes were dipped in the solution
under study and linked to the potentiostat, which in
turn was connected with the personal computer to
identify the properties of the materials studied in
the blood medium. The glassy carbon electrode
(GCE) was used in this study after cleaning with
alumina grand and sonic technique for 10-15 min.
X-ray and CT-scan apparatuses
The Toshiba-X-ray-Generater model DC12MC-2 was used by the CT-scan screw type Toshiba-Toshiba Scanner Aquilion-model TSX-101A.
After preparing the rabbit for examination and
in the case of anesthesia with the specified dose of
the contrast, the rabbit was lying on the examination table to perform the X-ray imaging process as
shown in Figure 1 and the spiral CT-scan as shown
in Figure 2.

RESULTS AND DISCUSSION
Voltammetric effect of magnesium sulfate in the
blood medium
Magnesium sulfate (MgSO4), the alternative
contrast medium, was used in CT-scan, it was studied using an electrochemical method by cyclic
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voltammetry. Magnesium sulfate solution has good
electrochemical properties, especially in the blood
medium. It has been found that Mg(II) in the blood
acts as an antioxidative reagent as shown in Figure
3 illustrated the appearance of two reduction
current peaks of Mg(II) in two potential regions at
-0.5 and -1V, so MgSO4 solution can be considered
as anti-oxidant reagent because it received the free
radical in the electrochemical reaction with blood
composition. So, it can be used MgSO4 solution as
alternative contrast medium in safety behavior in
blood medium [11].

FIGURE 1. Preparation of the rabbit in X-ray

FIGURE 2. Preparation pf the rabbit in CT-scan

Electrochemical study of iodine compound in the
blood medium
One of the iodine compounds was used as one of
the famous and only contrast medium used in images using X-ray technology and spiral CT-scan at
the present time. As it showed the electrochemical
properties in the blood medium as oxidative reagent, it showed several oxidative peaks in the blood
and enhanced the two oxidation current peaks by
increasing the concentration of iodine compound
added to the blood, as shown in Figure 4. It can be
concluded from this important analysis that all the
compounds that contain iodine is harmful oxidizing
substances through its interaction with the blood
composition, which causes undesirable symptoms
when taken intravenously for all patients who are
undergoing diagnostic with both X-ray techniques

FIGURE 3. Cyclic voltammogram of 3M MgSO4 as alternative contrast medium in blood
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FIGURE 4. Cyclic voltammogram of iodine solution at different concentrations in blood medium

and CT-scan, in addition to the dangerous symptoms they cause for those who suffer from kidney
or liver deficiencies or heart diseases must not be
given the iodine contrast media to avoid complications that may cause death in certain cases or permanent diseases and at the same time it is forbidden to
use the diagnosis required for this technique [12-14].
Study the rabbits by CT-scan
The rabbits were chosen to perform the CT-scan
procedure for examinations in various organs of the
rabbit’s abdomen, especially the kidneys and bladder, as well as the heart, as follows.
The first group is the group that studied rabbit
by CT-scan without using contrast media (Pre).
The second group, in which spatial scanning of
rabbits was studied using the alternative contrast
medium of magnesium sulfate solution, where the
kidneys, heart and bladder of rabbits were studied
by intravenously the alternative contrast of magnesium sulfate at a concentration of 3 molar at different doses (2 ml and 4 ml and 6 ml) and the following tests were performed using the spiral CT-scan.
CT-scan examinations
This examination was taken for all members of
the abdominal area of the body of the rabbits such
as kidney, bladder and heart without using any contrast media, then the iodine contrast was used and

the examination was taken for all organs in the rabbits. The Hounsfield unit (HU) factor values can be
used to determine the clarity of the CT-scan image.
Hounsfield unit (HU):
Absorption coefficient unit of radiolucency of a
substance;
HU is normalized to water, where water = 0 HU,
air = -1000 HU and bone = 1000 HU
The HU values in the CT-scan are reported for
each case taken for the studied rabbits as follows:
1. The heart
Tests were taken to turn the rabbits into the following three cases:
A. Check the heart without using the contrast
medium.
Note in Figure 5 of the rabbit’s heart without using any contrast medium, and the value of the clarity of the heart of the HU was 40.2 where it is unclear.
B. Cardiac examination using an iodine contrast
medium.
Heart in Figure 6 can be observed using the
iodine contrast medium and the value of heart
clearness (HU = 104.5) where diagnosis is possible.
C. Cardiac examination using alternative contrast medium of magnesium sulfate solution. Figure 7 clearly shows the shape of the heart when
using the heart’s magnesium sulfate contrast medium and the value of clarity is high as it is easy to
diagnose (HU = 121.1).
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It can be seen from the three pictures that the
highest clarity value was when using the alternative
contrast medium of magnesium sulfate, where its
value was 121.1 of HU, which is the highest value
among the values.

FIGURE 7. Illustrated CT-scan imaging of rabbit’s heart
using alternative contrast medium MgSO4 (HU = 121.1)

CONCLUSIONS

FIGURE 5. Illustrated CT-scan imaging of rabbit’s heart
native (without contrast medium) (HU = 40.2)

Magnesium sulfate (MgSO4) solution has good
electrochemical properties and safety for using as
an alternative contrast medium without side effects
for the patients of the CT-scan examination. MgSO4
solution has only a reduction current peak in blood
medium, while the iodine compound has two
oxidation current peaks, so magnesium sulfate is
anti-oxidative compound and iodine is oxidative
compound. On the other hand, MgSO4 solution has
been used as an alternative contrast medium of iodine compound because the enhancement of imaging for the diagnosis of abdomen organs as found in
the CT-scan of rabbit’s heart which has HU = 121.1
when using the alternative contrast and the value of
HU is 104.5 when using iodine compound. We note
the clear difference in the clarity of the CT-scan
imaging and the value of HU. Furthermore, it can
be noted the health safety of the alternative contrast
medium (MgSO4).
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FIGURE 6. Illustrated CT-scan imaging of rabbit’s heart
using iodine contrast medium (HU= 104.5)
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