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Abstract

Magnetic resonance imaging (MRI) has limited use in abdominal imaging
since it is difficult to distinguish the alimentary system from normal organs and
intra-abdominal lesions. To enhance the vision of inaccessible organs, contrast
chemicals are necessary for particular organs, such as gastrointestinal (GI) imaging.
Traditionally contrast agents are very expensive, have side effects, and are not
always available in Iraqi hospitals. The purpose of this study is to find alternative
traditional oral contrast agents that may be employed in MRI of the alimentary tract.
These contrast agents must be available, with no or little adverse effects, and non-
expensive, modified in water signal intensity during alimentary imaging by MRI to

result in high contrast and the best image quality.

The work procedure is summarized by collecting mineral supplements: such
as iron, magnesium, potassium, calcium, zinc, sodium, and manganese. Then
grinding and dissolving mineral supplements (intake daily dose) in different amounts
of distilled water (0.5,1,1.5,2 cup) were performed to obtain solutions with different
concentrations (samples). The samples were examined in MRI (1.5 Tesla) using
phantoms (tubes) to determine which sample had the lowest level of concentration

and best quantitative and qualitative images,

The results of the in vitro study indicate that magnesium, potassium, and
sodium supplements have virtually no effect on the water signal intensity in T1-
weighted and T2-weighted imaging, whereas calcium supplements raise the water
signal intensity on T2-weighted imaging. Manganese and iron supplements raise the
water signal intensity on T1-weighted images while decreasing the water signal
intensity on T2-weighted imaging, the calcium, manganese, and iron were then

evaluated by volunteers.



Thirty healthy individuals underwent MRI scanning both before and after
getting a mineral supplement solution. The volunteers were divided into three
groups, each with ten volunteers, the first group was given a calcium supplement,
the second group was given a manganese supplement, and the third group was given
an iron supplement. The MRI of volunteers are evaluated quantitively by measuring
the signal intensity, signal-to-noise ratio (SNR), relative signal-to-noise ratios (RSN)

and contrast (C), also they are evaluated qualitatively by the radiologist.

From the results of quantitative measurements and qualitative evaluation of
MR images, it can be concluded that calcium supplementation can be used as a
positive contrast agent on T2-weighted imaging. On the contrary, the manganese and
iron supplements act as an excellent positive contrast agent on T1-weighted imaging

and a negative contrast agent on T2-weighted imaging.

Contents



Chapter One: Introduction and Literature REVIEW.....ceeeveieeeiinreneeennennns 1

I [ 0o [F i { [ P 2
1.2 Physical Principles of MRI....... ..o, 3
1.3 ReIAXAtION. ...ttt e 8
1.3.1. Spin-Lattice Relaxation (T1).......cccooviiiiiiiiiii e, 9
1.3.2. Spin-Spin Relaxation (T2) ..ot e, 10
1.4 MRI PUISE SEOUENCES. ...\ ettt e 11
1.5Contrast INMRI ..o 12
1.5.1. T1 contrast (T1-weighted)........cooeiiiiiii e, 12
1.5.2. T2 contrast (T2-weighted)........c.oooviiiiii e, 14
1.5.3. Proton density contrast (Pd-weighted)...............ooiiiiiiiiii 15
1.6 MRI CoNtrast AQeNntS. ... .couuiiiii i e e e 16
1.6.1. The intravenous contrast agentS...........o.euieiiieiriniiiieieneiiieieienes 16
1.6.2. The oral contrast agents ..........ccovviiriiiiiiiii i 16
1.6.3. Oral contrast agents side effect...............oooiiii i, 18
1.7  CharacteristicSOf MR IMage..........coooiviiiiii e 18
1.8  MRISafety. ..o, 19
Chapter Two: Literature ReVIeW.....ccccveiieiiieiineeinieneceneenecenrececnscnnes 21
2.1  Literature Review .........coiiiiiiiiiii i 22



2.2  Theaim of PreSEnt WOIK . .....oorreee e, 26

Chapter Three: Materials and MethodsS....ccceeeeiiieiiiieiiieieireinerennnenieen 27
L INIrOAUCTION. . ... 28
3.2 Mineral SUPPIEMENTS. ... e 28
32,1 CalCIUM . L 28
B.2.2 ZINC. oottt 29
32,3 IOM 30
324 POTASSIUM . ..ottt e e 31
3.2.5 MAgNESIUM .ot e 31
3.2.6 SOOIUM . .. e e 32
I A Y, =T [0 =T [T T P 33
BB DV ICES. . . ettt ettt e 34
3.3 L MHIIEES. e e 34
3.3.2. Digital balancCe...........ooiiii e, 34
3.3.3. TheIrMOMELEr. ... 34
3.3.4. Total Dissolved Solids (TDS) meter..........cccooviiiiiiiiiiiiaen, 34
3.3.0. MRISCAN. .. 34
3.4 Preparing Samples(SOIUutions) .........c.ooiiiiiii i 36



3.5 Phantom Study..... ..o 37

3.6 VOIUNTEEIS STUAY ...t e, 38
3.7 Quantitative AnalysiSOf MR IMages ............ccoooiiiiiiiiiiiiiien, 38
3.8 Qualitative AnalysiSOf MR IMages..........ccooviiiiiiiii e 40
3.9 Protocol of MR IMagiNg......covviniiii i e 40
3.10 ReSearch SIttiNg........oooviiiriii i 41
3.11 Procedure of the WOrk..........coouiiniii 41
Chapter Four: The Results and DiSCUSSION.....ccceeteeererneeneresnreanscanasanns 42
4.1 INErOAUCTION. ... et e, 44
4.2 Concentration MeasUrement. .........c.ouvviiiiiiiie e, 44
4.3 The Results of the Phantom Study.............ccooiiii i, 45
4.3.1 MRI Imaging of Phantoms. ..., 45
4.3.2 Characteristics of Phantoms MR Images...........cccccoviiiiiiiiiin. ... 47
4.4  The Results of the Volunteer Study..............cooooiiiiiiiiiii . 53
4.4.1 The Calcium Supplements...........coooiiiiii e 53
4.4.2 The Manganese Supplement. ..ot 59
4.4.3 The Iron SUpplemMent. ... ... 64
Chapter Five: The ConCluSIONS. . ccuiiieeiiitiietiieetieeeteearceescecasesnscsnnsenns 71



5.1 CONCIUSIONS . ettt 72

5.2 RECOMMEBNAALIONS. ..ottt e e e e e, 72
5.3 FULUIE WOTKS. .o e e 73
RO O @IS . e eeeereeereeeseeeseeesecesesesssassssssssssssssssssssssssssasssasssasssasssoses 74

Vi



List of Tables

Table 3.1: The doses of mineral supplements used in this research and compared

with reference daily doSe.........cccoeveeiiiiici 37
Table 4. 1: Concentration measurement of each sample. ........ccccccvvviiieiieiene 44
Table 4. 2: The signal intensity of phantoms on T1-weighted scan .................... 48
Table 4.3: The signal intensity of phantoms on T2-weighted scan. .................... 48

Table 4. 4:The signal-to-noise ratio (SNR) of phantoms on T1- weighted scan.49

Table 4. 5: The signal-to-noise ratio (SNR) of phantoms on T2- weighted scan..

Table 4. 6: The relative signal-to-noise ratio (RSN) of phantoms on T1- weighted

LT o= S STTRI 50

Table 4. 7: The relative signal-to-noise ratio (RSN) of phantoms on T2- weighted

Yo7 | 1T 51

Table 4. 8: The statistical data of Ten volunteers before and after taking a

calcium supplement solution on T1-weighted........c.cccceevviveiinenen. 55

Table 4. 9: The statistical data of Ten volunteers before and after taking a

calcium supplement solution on T2-weighted...........cccccvviveiinenen. 56

VIl




Table 4. 10:

The statistical data of ten volunteers before and after taking a

manganese supplement solution on T1-weighted scan. .................. 61

Table 4. 11:

The statistical data of ten volunteers before and after taking a

manganese supplement solution on T2-weighted scan.. ................. 62

Table 4. 12:

The statistical data of ten volunteers before and after taking an iron

supplement solution on T1-weighted scan. .........cccccceeevieeeineennen, 66

Table 4. 13:

The statistical data of ten volunteers before and after taking an iron

supplement solution on T2-weighted scan. ...........cccccevevcveeieeennen, 67

VIl




List of Figures

Figure 1.1: In the absence of an external magnetic field, the spins have randomly
oriented axes (left side of the figure). The vector sum of these spin vectors
1S O (right Side). [9]. . eeceeee e 4

Figure 1.2: In a magnetic field, a proton precesses around the magnetic field. The
z component of the spin vector is the component of interest since it does

not vary in magnitude or direction as the proton precesses. [9]..........c....... 5

Figure 1.3: Zeeman's diagram. A collection of spins will have z component
configurations that are equal in energy in the absence of a magnetic field
(left side of image). The spin-up orientation (parallel to Bo) has less energy
and more spins in the presence of a magnetic field (right side) than the

higher-energy spin-down configuration. [9, 14].......cccooevievienie e, 7

Figure 1.4: Mz is converted from a maximum value at equilibrium to Mz =0
after a 90-degree pulse. The spin-lattice T1 relaxation characterizes the

exponential return of Mz to equilibrium. After a period of time equal to

Figurel. 5: Due to inherent spin-spin interactions in tissues, the Mxy(t) phase
coherence decays exponentially. After a 90-degree pulse, for instance, the
exponential decay constant, in order to decay to 37% of its initial

transverse magnetization. [L1]. ..o 11

Figurel. 6: T1-Weighted. The intensity of the signal evolves as a function of TR

) PR POSPRPSPR 13
Figurel.7: T2-Weighted. The intensity of the signal evolves as a function of TE
) PSSRSO 14

Figure 1. 8: Proton density Pd-weighted image. The intensity of the signal

evolves as a function of TR [6].....cccccveviiviiiiii i 15

IX




Figure 3.1: Devices used in the research..........cccccovveieic i, 35

Figure 3.2: procedure of preparing samples(Solutions). .........ccccevverieeiieiieinnenn, 37
Figure 3.3: Phantom experiments proCedure. .........ccccvererrieenieeneesee e see e, 38
Figure 3. 4: Procedure OF WOIK.........cccccveiiiiii i 43
Figure 4.1: MRI images of phantoms on T1-weighted scan...........cccccovcvevvennnenn. 46
Figure 4.2: MRI images of phantoms on T2-weighted scan............c.cccecvevvrrnnenn. 47

Figure 4.3: Transverse abdominal MRI for an empty stomach and a stomach full

OF CAICTUM SOIULION ...ttt e e e e e eas 54

Figure 4. 4. The comparison of MR images before and after calcium supplement

solution administration on T1-weighted SCan. ..........ccccceevvevveieeiieiine e, 57

Figure 4.5: The comparison of MR images before and after calcium supplement

solution administration on T2-weighted SCan. ........ccccccvvvvevvereeieesiecnen, 58

Figure 4. 6: Transverse abdominal MRI for an empty stomach and a stomach full

Of MAaNQANESE SOIULION........eeiiiiiice et 60

Figure 4.7: The comparison of MR images before and after manganese

supplement solution administration on T1-weighted scan. ....................... 63

Figure 4.8: The comparison of MR images before and after manganese

supplement solution administration on T2-weighted scan. ....................... 63

Figure 4.9: Transverse abdominal MRI for an empty stomach and a stomach full

OF IFON SOIULION ettt e e e e e e e e e e e e raeaeeeas 65

Figure 4.10: The comparison of MR images before and after iron supplement

solution administration on T1-weighted SCaN. .........ccccocvvivereeriereseereennenn, 68

Figure 4.11: The comparison of MR images before and after iron supplement

solution administration on T1-weighted SCan. .........cccoccevveiieiinii e, 69




List of Symbols and Abbreviations

Symbol Description
B, External magnetic field
Iy Total angular momentum of the atomic nucleus

M, (t) Longitudinal magnetization

M, (t) Transverse magnetization
fi Larmor frequency
W, Angular frequency

AE,, Energy difference between two states
Al Adequate intake
CAs Contrast agents
CT Computed tomography
GD Gastrointestinal diseases
Gl Gastrointestinal system
h Planck constant
M Net magnetic moment
Mo Magnetic moment
MRA Magnetic resonance angiography
MRCP Magnetic resonance cholangiopancreatography
MRI Magnetic resonance imaging
MRIGT Magnetic resonance imaging for the gastrointestinal

system

NMR Nuclear magnetic resonance
RF Radiofrequency
ROI Region of interest
RSN Relative signal-to-noise ratio

Xl




S The spin angular momentum

SCF The EU Scientific Committee for Food
SD Standard deviation

SI Signal intensity

SNR Signal-to-noise ratio

SPSS Statistical Package for Social Science Program
t Time

T1 Spin-lattice relaxation

T2 Spin-spin relaxation

TDS Total dissolved solids

TE Echo time

TR Repetition time

C Contrast value

k Boltzmann’s constant

y gyromagnetic ratio

U Magnetic moment of the atomic nucleus
p Spin density

X1




Chapter One

Introduction



Chapter One Introduction

1.1 Introduction

Magnetic resonance imaging is the only imaging technique that can recognize
damaged tissues or organs apart from healthy ones without the use of ionizing
radiation. Strong magnetic fields and radio waves are utilized in this outstanding
non-invasive imaging technique to gather quantitative data because of its physical
characteristics. Magnetic resonance imaging (MRI) has a broad spectrum of clinical
uses as an advanced imaging method, including the diagnosis, staging, and
management of diseases. On the anatomical, physiological and metabolic
information about the human body [1,2]

Imaging is essential for the identification of gastrointestinal diseases (GD)
since it shows the existence and location of lesions [3]. Endoscopy has been the gold
standard for diagnosing (GD), but it is only used for intraluminal testing. For
evaluating the gastrointestinal system, cross-sectional non-invasive imaging
techniques like computed tomography (CT) and magnetic resonance imaging (MRI)
are superior to endoscopy because they can detect extra-luminal and extra-intestinal
disease as well as malignant extra-intestinal complications. MRI imaging
characteristics of the gastrointestinal system (Gl) are indicators of disease activity
and response to treatment. When compared to CT, MRI provides advantages such as
the absence of ionizing radiation exposure, reduced abdominal discomfort, and
improved soft tissue contrast, which leads to a better evaluation of GD and its
complications [4,5].

Magnetic resonance imaging is based on the concept of nuclear magnetic
resonance (NMR), which was developed in the 1940s. As a result, the discussion of

MRI starts with an introduction to nuclear magnetic resonance basics [6].
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1.2 Physical Principles of MRI

Protons and neutrons, the structural components of nuclei, have the quantum
mechanical property of spin, which has magnitude and direction. These particles can
be seen as little spinning tops. Because of their spin, nuclear particles function like
small bar magnets. Inside the nucleus, these small magnets associated with nucleons
(protons and neutrons) align to counteract each other's magnetic fields. However, if
the nucleon number is odd, the cancellation is incomplete, and the nucleus has a net
magnetic moment [7]. As a result, nuclei with an odd number of nucleons act like
small magnets. Hydrogen, which has a single proton in its nucleus, possesses a
nuclear magnetic moment. The human body is mostly composed of water and other
molecules containing hydrogen. As a result, using the magnetic properties of the
hydrogen nucleus, MRI images of structures within the body can be obtained most
effectively. Our discussion will be limited to hydrogen's nuclear magnetic

characteristics [6, 8].

Consider an arbitrary volume of tissue containing hydrogen nuclei (protons) in
the absence of an external magnetic field. Every proton has the same magnitude spin
vector (or magnetic moment). The spin vectors for the overall collection of protons
within the tissue are randomly oriented in all directions; the spin orientations have a
continuous distribution. A vector sum of these spin vectors results in a zero total,

suggesting that there is no net magnetization in the tissue, as shown in Figure 1.1

[9l.
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Figure 1.1: In the absence of an external magnetic field, the spins have randomly oriented axes (left
side of the figure). The vector sum of these spin vectors is O (right side). [9].

When the tissue is placed in a magnetic field (B,), the individual protons
(hydrogen nuclei) begin to rotate perpendicular to the magnetic field, or precess
about it. The protons' spin vectors are inclined slightly away from the magnetic field
axis, but each axis of precession is parallel to B,. This precession happens at a
consistent pace due to the interaction of the magnetic field with the spinning positive
charge of the hydrogen nucleus. The magnetic field and the axis of precession are
both defined as being orientated in the z direction of a Cartesian coordinate system.
Each proton's motion can be characterized by a set of coordinates that are
perpendicular (x and y) and parallel (z) to B,[10,11]. In the absence of additional
interactions, the transverse coordinates are nonzero but fluctuate cyclically with time
as the proton precesses, whilst the longitudinal coordinate remains constant, as
depicted in Figure (1.2) [9].
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Figure 1.2: In a magnetic field, a proton precesses around the magnetic field. The z component of
the spin vector is the component of interest since it does not vary in magnitude or direction as the proton
precesses. [9].

Precession frequency is proportional to external magnetic field strength and is

represented by the Larmor equation [12]:
W, =YBy i (1)

Where, w, is the angular frequency of precession (Larmor frequency), y is the
gyromagnetic ratio in MHz/Tesla. In terms of linear frequency, the Larmor
frequency is represented by [11,13]
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y (the gyromagnetic ratio) is a property of nucleus [14,15]. The gyromagnetic
ratio is also defined as the ratio between the magnetic moments (u) the total angular

momentum I, of the atomic nucleus [16-18].

y=E 3

Iy
A proton or an electron also possesses an intrinsic magnetic moment, in addition
to its orbital motion. It is related to and directly proportional to spin angular
momentum(s). Therefore, the gyromagnetic ratio for proton or electron is equal to
[19]:

_H
Y=o (L9

The volume of tissue containing hydrogen atoms (protons) has no net magnetic
moment (M = 0) in the absence of a magnetic field. When an external magnetic field
Is applied, the protons line up either parallel or antiparallel to the magnetic [14]. The
assembly of parallel or antiparallel nuclear spins as a whole has a net magnetic
moment (M) that acts as a local magnet in the direction of the magnetic field.
Because the proton has a fixed orientation with time to the precessional axis, there
IS a constant, nonzero interaction between the protonand B, , known as the Zeeman
interaction. Instead of a continuous range of values, this interaction leads the z-
component of the magnetic moment to be quantized to a finite or discrete number of
values. The z-component of the magnetic moment of the proton has just two primary
values: parallel B, and antiparallel B,. This interaction also results in an energy
difference AE,, between these two states that are correlated to B, as depicted in
Figure 1.3) [9]. The energy spacing AE,, between the parallel and antiparallel

alignments equals [14]:



Chapter One Introduction

AEm=y2h:0 o (1.5)
Here h is the Planck constant.
Higher
|| Energy
e
|
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Figure 1.3: Zeeman's diagram. A collection of spins will have z component configurations that are
equal in energy in the absence of a magnetic field (left side of the image). The spin-up orientation (parallel
to Bo) has less energy and more spins in the presence of a magnetic field (right side) than the higher-energy
spin-down configuration. [9, 14].

Spins in parallel (spin up) and antiparallel (spin down) orientations have differing
energy as a result of the Zeeman interaction. Spins that are parallel to B, have less
energy than antiparallel spins. There will be more protons oriented parallel to B, than
antiparallel, implying that residual polarization of spins created parallel to the
magnetic field occurs. The Boltzmann distribution is a distribution function that can
predict the precise amount of protons in each energy level. [ 20,21]:

N, . _AEp _YhB,
_Nanti _ - — o TmEF ... (1.6)

Nparallel

Where k is Boltzmann’s constant with a value of 1.38 * 10723 J /K, and T is the

temperature measured in Kelvin.
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To reverse the alignment of antiparallel spins, energy must be given from an
external source. A short radio frequency driving pulse at the Larmor frequency,
which is the natural (resonant) frequency of precession, provides the energy

necessary to shift the magnetic moment from the direction of the external field [14].

At a higher energy state, the protons' alignment with respect to the static
magnetic field B is changed by the radiofrequency field. This is known as excitation.
Following a process known as relaxation, the protons that were stimulated by the
radiofrequency field will revert to their lower-energy state and reemit RF radiation

at the Larmor frequency [2].
1.3 Relaxation

The phenomena of nuclei relaxing occurs when they are stimulated to higher
energy levels and then return to their thermodynamically stable states. If an energy
level shifts from low to high, energy is absorbed; when the opposite occurs, energy
Is released [8]. It is a time-dependent process and is characterized by a rate constant
known as the relaxation time. Although it is individual protons that absorb the
energy, relaxation times are measured for an entire sample of spins and are statistical
or average quantities. Relaxation times are measured for grey matter or cerebrospinal
fluid as bulk samples rather than for the individual water or fat molecules within the
organs. Two relaxation times can be measured, known as Spin-lattice relaxation (T1)
and Spin-spin relaxation (T2). While both times measure the spontaneous energy

transfer by an excited proton, they differ in the final disposition of the energy [9].
1.3.1. Spin-Lattice Relaxation (T1)

The spin-lattice relaxation time (T1) is the time required for the z component

of M to return to 63% of its original value after an excitation pulse. The shorter the

8
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relaxation time (T1), the more effective the relaxation process. Because the
movements between molecules are constrained in solids, the relaxation time (T1)
values are large. Pulse methods are typically used to measure spin-lattice relaxation
[8,22].

The longitudinal relaxation time is another name for the spin-lattice relaxation
time. Magnetic moment (Mo) is aligned to By at equilibrium, and energy absorption
causes My to spin towards the transverse plane. T1 describes the process by which
protons lose their energy to return to their original orientation. When a 90°-degree
pulse is administered to a sample, My rotates and there is no longer any longitudinal
magnetism. As the protons release their energy, the longitudinal magnetization will
restore over time (Figure 1.4). This magnetization return often follows an

exponential growth process, with T1 describing the rate of growth [9,22].
My(t) = Mo (1—e /1) ...(L.7)

Where M, (t) is the longitudinal magnetization as a function of time tand T1 is
the time needed for the recovery of 63% of M after a 90-degree pulse (att = 0,
M, =0,andatt =T1, M, = 0.63 M, ) [9,23].
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0%

t=0 t=T1 Time

Figure 1.4: Mz is converted from a maximum value at equilibrium to Mz = 0 after a 90-degree pulse. The
spin-lattice T1 relaxation characterizes the exponential return of Mz to equilibrium. After a period of time
equal to T1[11].

1.3.2. Spin-Spin Relaxation (T2)

Spin-spin relaxation (T2) or transverse relaxation time is the amount of time
required for the spins to lose coherence with one another. T2 can be either shorter or
equal to T1 [8,24].

When a radiofrequency (RF )pulse is delivered, the magnetization moves into
the x-y plane, causing the spins to precess in phase. The net magnetization vector,
or transverse magnetization, begins to revolve in the x-y plane around the z-axis

immediately after the RF pulse is sent. [25].

The T2 relaxation time is the amount of time that passes between the peak
transverse signal (which occurs immediately following a 90-degree RF pulse) and
37% of the peak level (1/e) (Fig. 1.5). This can be mathematically represented by
the following equation [11,26].

10
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M,y (t) = Mge™"/T2 . ....(1.8)

Where M, (t)is the transverse magnetic moment at time t for a sample that has

M, transverse magnetization at t = 0. When t =T2, then M,,,(t) = 0.37 M,[11].

MXY MXY MXY
maximum decreasing zero
'
4 € @ =S
M, \
100% 4
37% 1\
t=0 t=T2 Time

Figurel. 5: Due to inherent spin-spin interactions in tissues, the M,, (t) phase coherence decays
exponentially. After a 90-degree pulse, for instance, the exponential decay constant, in order to decay to
37% of its initial transverse magnetization. [11].

1.4  MRI Pulse Sequences

In order to produce pictures, radiofrequency pulse sequences and magnetic
gradients are programs that are included in MRI pulse sequences. There are two types

of MRI pulse sequences:

o Spin echo (SE) sequences.

o Gradient echo (GRE) sequences.

In spin echo sequences, a slice-selective 90° excitation pulse is followed by

one or more 180° refocusing pulses. The use of excitation pulses with flip angles of
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less than 90°, the lack of 180° RF refocusing pulses, and the use of gradient pulses
for dephasing and rephrasing set gradient echo sequences apart from other types of

echo sequences [2,27].

Gradient echo sequences are generally faster than spin echo sequences and
enable for real-time imaging of moving organs such as the heart in the body, the

chest (respiratory motion), and the abdomen (peristalsis) [13,28].
1.5 Contrast in MRI

The contrast in an MR image is produced by MRI pulse sequences. There
are two parameters in a spin echo sequence that determine the contrast of tissues
with the spin density (p), the repetition time (TR) and the echo time (TE) [2,29].

The repetition time is the time interval between two excitation pulses. The echo
time (TE) is the duration between an excitation pulse and the sampling of the MR

signal at which the echo maximum occurs [2,30].

In a gradient echo sequence, the flip angle of the excitation pulse, TE, and TR

are factors that determine contrast [2].
1.5.1. T1 contrast (T1-weighted)

Not all of the energy that radio frequency (RF) pulse introduced into the system
during the excitation is transferred back to the RF coil. Some of the energy is wasted
and heats the surrounding tissue, known as the lattice. An exponential curve
mathematically depicts the time path of the system's return to thermal equilibrium.

The longitudinal relaxation time constant T1 describes this recovery rate [2,31].
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The TR and TE of T1-weighted pulse sequences are short. Different body
tissues have different T1 relaxation times. The longitudinal magnetization vector of
fat instantly reorganizes with the static magnetic field By after an excitation pulse
and appears bright on a T1-weighted image. Following a radiofrequency pulse, water
realigns its longitudinal magnetization significantly more slowly and looks relatively
dark on the T1-weighted image. (As shown in Figure 1.6) [2,13]
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Figurel. 6: T1-Weighted. The intensity of the signal evolves as a function of TR [6].
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1.5.2. T2 contrast (T2-weighted)

Random fluctuations in the local magnetic field cause the precession
frequency of the nuclear spins in the human body to fluctuate. When nuclear spins
exit the phase following an excitation pulse, they lose their initial phase coherence,
which is modelled by an exponential decay with the time constant T2. T2 relaxation
occurs more rapidly than T1 relaxation. [2,16]. Long TR and long TE are used in
T2-weighted pulse sequences. On T2-weighted images, fluid (such as that in the
cerebral spaces filled with cerebrospinal fluid (CSF)) appears bright, as depicted in
Figure 1.7 [6].
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Figurel.7: T2-Weighted. The intensity of the signal evolves as a function of TE [6].
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1.5.3. Proton density contrast (Pd-weighted)

In order to reduce the impacts of T1 and T2, the scan settings are controlled to
create proton density-weighted images, which have strong dependence on the
density of hydrogen protons in the imaging contrast. Proton density-weighted

sequences have a short TE a and long TR [30,32].
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Figure 1. 8: Proton density Pd-weighted image. The intensity of the signal evolves as a function of TR [6].

1.6 MRI Contrast Agents
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Contrast agents are required in some organs, such as gastrointestinal (GI)
Imaging, to improve the visualization of inaccessible organs. Depending on the

target tissue, MRI contrast agents can be given orally or intravenously [13].
1.6.1. The intravenous contrast agents

Most scans, including extracellular mediators and blood pool agent
imaging, musculoskeletal and neurological MRI, routinely use intravenous delivery
of contrast agents [1]. The ionic compounds of a new generation of imaging agents
were Gd-DTPA (Magnevist) and Gd-DOTA (Dotarem, Artirem). These complexes
have low toxicity as well as strong thermodynamic and Kkinetic stability. These two
compounds are high osmolar contrast agents (CAs), although being well tolerated.

As a result, two non-ionic gadolinium chelates are formed [10].
1.6.2. The oral contrast agents

Oral contrast agents are typically administered for Gl and hepatobiliary
examinations [1]. When utilizing MRI for gastrointestinal imaging, it has been
difficult to distinguish the gastrointestinal (GI) tract from intra-abdominal masses
and normal organs. For assistance with this problem, various oral items have been

used as contrast agents [16].

The first gadolinium-based contrast agent (CA) for magnetic resonance
imaging (MRI) was constructed in the late 1980s. These solutions have been used as
oral contrast agents [33,34], with the gadolinium-based solution (Gd) acting as a
positive contrast agent and the barium dilute (2%) (which is diamagnetic) acting as

negative contrast media on T2 weighted [35].
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Contrast agents for gastrointestinal MRI vary and might be either positive or
negative. Gl contrast agents are classified as either positive (bright on MRI) or
negative (black on MRI). There are several gastrointestinal MRI contrast media
available, although they are rarely employed. They are categorized as either positive
or negative enhancers based on whether they raise or reduce the signal from the Gl

lumen. They are also categorized according to their magnetic properties [36,37]:
a. Paramagnetic Agents:

Atoms or molecules that have a magnetic moment, such as unpaired nucleons
In their atomic nucleus or unpaired electron orbits in their outer electron shells
(resulting from individual spins), make up paramagnetic substances. A local increase
in the magnetic field occurs when a material with these characteristics is subjected
to an external magnetic field because the bulk of the magnetic moments align with

the direction of the magnetic field [19].

b. Diamagnetic Agents:

Diamagnetic materials represent the vast majority of all substances.
Diamagnetic materials produce a relatively weak overall magnetization in the
opposite direction (-z) when exposed to an external magnetic field, mostly because

the majority of electrons move in counterclockwise orbits [38,19].
C. Superparamagnetic Agents:

Ferromagnetic materials are made up of atoms whose unpaired electron spins
have a strong exchange coupling interaction (solid-state). These materials become
permanent magnets when the external magnetic field gets removed. The most

common example is iron (Fe) [38].
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1.6.3. Oral contrast agents side effect

MRI oral contrast media, like any medicine, can cause moderate allergic
reactions, nausea, flushing, headache, rash, and nephrogenic systemic fibrosis,
which is one of the most serious side effects of the gadolinium-based solution
contrast agent [20,37]. Barium sulfate is used in traditional radiographic
gastrointestinal examinations; however, some can leak into the respiratory tract.
High density barium has been used as an oral contrast agent for MR imaging of the
gastrointestinal tract, but this method frequently requires substantial amounts of

contrast to be taken, which is not recommended for small children or neonates [39].

1.7 Characteristics of MR Image

The influence of MRI contrast agents on the proton relaxation process alters
MRI signal intensity, increasing contrast and informative value [40]. Images were
evaluated qualitatively and quantitatively by measuring the anatomical signal-to-

noise ratio (SNR), relative signal-to-noise ratio (RSN), and contrast value.

The signal intensity (Sl)that determines the contrast of tissue in MR images
with the spin density p, the repetition time (TR), and the echo time (TE) [2]

TR —TE
SI=p.<1—e T1>*e T2 ......(1.9)

The signal-to-noise ratio (SNR) is referred to as the quotient between the
signal intensity (SI) collected in the region of interest (ROI) and the standard
deviation of the signal intensity in an area outside the object being scanned [13].

SNR is calculated using the formula that is shown below. [35,41].

SNR = mean (SI)of solution — mean (SI)of background 110
B standard deviation(SD)of background e (1.10)
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The relative signal-to-noise ratio (RSN) is calculated using the following formula
[35]:
SNR of solution

RSN = e (1011
SNR of water ( )

Contrast refers to the difference in signals between two adjacent locations,
such as those between tissues or those between a contrast agent and the tissues

around it.
C=SI,—SIz ....(1.12)

S, and SIz are signals of two nearby tissues or of a contrast agent and

tissues around it [16].
1.8 MRI Safety

Since MRI does not use ionizing radiation, the general public thinks it to be a
highly safe method. However, safety is sometimes an afterthought, especially when
it comes to operational operations and training of personnel who operate in the
region and around the magnet. For MR, there is a great deal of significant bioeffects
and safety concerns to take into account. Strong magnetic fields, radio frequency
energy, magnetic gradient fields that change over time, enclosed imaging devices
(claustrophobia), and noisy operation (gradient coil activation and deactivation,
which produces acoustic noise) are some of these bioeffects and safety concerns.
Patients who have heart valves, aneurysm clips, implants, prostheses, or other
devices should be informed that these devices have significant torque and that

placing them in a magnetic field could have substantial negative effects [11,42].
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Cardiac pacemakers are not suitable for MRI because they contain a number of
sensitive electrical components, the function of which may be affected during the
scan. Pacemaker electrodes are efficient antennas for receiving RF radiation, which
can cause arrhythmia. Furthermore, the electrodes may heat up, resulting in burns or
thrombosis of blood vessels. This also applies to the vast majority of patients who
have transient pacemakers. Patients should not get MRI follow-up following
coronary stenting until at least six weeks have passed [13]. In patients who have
internal defibrillators or left ventricular assist devices, MRI scanning is not
recommended. Neurostimulators and cochlear implants are also contraindicated [9,
13].

Patients with imbedded metal fragments or bullets should be treated with
caution as well. The risk presented by these foreign entities is often defined by their
anatomic position as well as whether or not they are ferromagnetic. If ferromagnetic
objects are placed in a sensitive region, such as the eye, they might hurt the optic
nerve if they change during the scan. Under rapidly changing gradient fields,
nonmetallic implant materials can also cause considerable heating. The distortions
on the acquired images, as well as the likelihood of misdiagnosis, are important

factors to consider [9,11].

Patients with large tattoos may also experience issues, which can occasionally

result in burns. So, it should be removed prior to the scan [13].
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2.1 Literature Review

There are many studies aimed at replacing traditional oral contrast agents with

safe and inexpensive materials, they are summarized below:

Riordan et al. [43] (2004) demonstrated that pineapple juice can be utilized as a
negative oral contrast agent to improve cholangiopancreatography (MRCP)
image quality. This impact is most likely due to the paramagnetic effect of
pineapple juice's relatively high manganese content, which reduces the T2
relaxation time for the fluid in the stomach and duodenum. This study was
conducted on phantoms and adults.

Espinosa et al. [44] (2006) used phantoms to study six fruits and discovered that
blackberry pulp should be evaluated as a potential oral contrast agent when
imaging of the gastric region of the GI tract is conducted in MRI by healthy
volunteers. Because blackberry enhancement is more effective in gastrointestinal
problems. The results demonstrated that T2-weighted images exhibited negative
behavior whereas T1-weighted images exhibited positive behavior.
Cordova-Fragaet al. [45] (2012) studied the physical and chemical properties of
pulp from Achras sapota L. (common medlar). It was studied using phantoms in
vitro and Gastric MRI in vivo. The results revealed a negative behavior on T1-
weighted images and a positive behavior on T2-weighted images.

Shi et al. [46] (2012) demonstrated that 2.5% magnesium sulfate (M gS0,) can
reduce water absorption in the small bowel and completely fill the enteric cavity,
enhancing the contrast between the intestinal wall and lumen and allowing MRI
examination of the small bowel. Twenty participants were scanned after drinking
2.5% (MgSO0,). Intestinal problems can be detected using an MRI with 2.5%
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(MgS0,).Asaresult, 2.5% (MgSO0,) solutionis an excellent oral contrast media
(CM) for small bowel MRI.

o Elsayed et al. [47] (2015) investigated natural oral contrast agents in intestinal
magnetic resonance imaging. Fourteen healthy individuals took part in the study.
Each volunteer underwent three MRI exams on different days using three
different oral contrast materials: water, milk, and pineapple juice. According to
the study's results, pineapple juice has the highest ability of intestinal distention
and good images within considerable image.

o Faletti et al. [48] (2018) compared in vitro pineapple juice to a solution of
concentrated pineapple juice with a paramagnetic contrast agent to determine the
feasibility of using the solution of concentrated pineapple juice in vivo for
esophageal visualization during magnetic resonance angiography (MRA) prior to
radiofrequency catheter ablation for atrial fibrillation. The results showed that,
following suitable concentration procedure and the inclusion of modified potato
starch, pineapple juice is as hyperintense as the MRI diluted contrast solution,
allowing for practical and safe esophagus vision during MRA.

e Hapsari et al. [49] (2019) demonstrated the effect of pineapple juice and black
tea, both natural sources of negative oral contrast, in the visibility of the
pancreatobiliary system during an MRCP examination. The results demonstrated
that black tea was more successful than pineapple juice in producing superior
image results on MRCP examinations without the use of oral contrast. The metal
content of negative oral contrast might result in magnetic susceptibility, which is
characterized by shortening during T2 relaxation.

e Isnoviasih et al. [50] (2019) used superparamagnetic iron supplement solutions
as a replacement for negative contrast media. This study compared the variations

in stomach SNR values on MRCP before and after administering an iron
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supplement solution as a substitute for negative oral contrast media. The study's
participants used a pre-contrast, post-contrast scanning technique to scan 10
healthy adults. The signal value is used to determine the SNR based on the picture
result, and a subsequent examination is then carried out. Images from the test
results demonstrated that iron supplement solutions might be employed as a
negative oral contrast medium for MRCP testing.

e Mohabir et al. [51] (2020) employed a commercially available pineapple juice
solution as a negative oral contrast agent for MRCP. The study included fifty
adult patients. The results of this investigation demonstrated that the local
pineapple juice preparation employed in this study is an excellent, inexpensive,
and natural negative oral contrast agent for enhancing MRCP images.

e Pinho et al. [52] (2020) conducted research to evaluate the two contrast agents
used in MRCP and the quality of the images using the image J® program. We
picked a variety of natural juices and pulps, including acai powder and liquid as
well as a blend. At Clinical Hospital, the subjects (thirty-three men and thity-one
women) were selected to take part in the study. As it should be in the clinic for a
high-quality image in MRCP, natural contrast (acai) was discovered to be capable
of eliminating signal from the stomach and duodenum as well as boosting
the signal to the common bile duct.

e Utami et al. [53] (2021) carried out the first experimental investigation using
jasmine tea as an oral contrast agent with the goal of evaluating how effective it
Is in enhancing the MRCP quality of images. Healthy participants and phantoms
were used to test this investigation. Following testing of several tea phantom
kinds, the signal-to-noise ratio (SNR) value was determined and the manganese
concentration was examined. Before and after the administration of jasmine tea,
fifteen healthy volunteers underwent 2D T2 HASTE thick-slab MRCP scanning

with a range of three minutes, six minutes, and nine minutes of scanning duration.
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The findings of this study demonstrated that jasmine tea may be utilized as a
substitute natural negative oral contrast agent, increase the quality of the MRCP
picture, and lessen the strength of gastrointestinal signals.

e Vesnaetal. [54] (2022) employed pineapple juice (PJ) instead of commercially
available negative contrast agents during MRCP because the pancreaticobiliary
ducts might be obscured by the high-intensity signal from the stomach and
duodenum. The study included 10 MRCP-examined patients and 10 healthy
subjects. According to the findings of this study, pineapple juice is an effective,
inexpensive, and natural negative oral contrast agent that provides effective
signal suppression in the GI tract on MRCP, with no significant difference in
Image quality between fifteen and thirty minutes after consuming the juice.

e Suner et al. [55] (2023) conducted an in vitro study on Chondroitin sulfate (CS)
that was physically crosslinked with Fe (I11). The contrast enhancement abilities
of aqueous CS-Fe ion particle suspensions in magnetic resonance imaging (MRI)
were determined by obtaining T1- and T2-weighted MR images using a 0.5 Tesla
MRI scanner and calculating the water proton relaxivities. As a result, particles
have the potential to enhance image contrast in MR imaging on T1-weighted
while also acting as negative contrast agents on T2-weighted images.

e Islam et al. [56] (2023) conducted a study on Manganese Complex of 1,4,7-
Triazacyclononane-1,4,7-Triacetic Acid (NOTA) as a Hepatobiliary MRI
Contrast Agent, Mn-NOTA-NP demonstrates a r1-relaxivity of 3.57 mM™ s?in
water and 9.01 mM* st in saline containing human serum albumin at 3 Tesla.
The results of this study exhibited that Mn-NOTA-NP can be a beneficial
alternative to Gd3'-based hepatobiliary agents because it shows the best

properties as a liver-specific MRI agent.

2.2 The aim of Present work
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This research aims to find alternative traditionally oral contrast agents that can

be used in MR imaging of the gastrointestinal system, these contrast agents must be:

> Available.

» With the minimum or no adverse effects.

> the low cost.

» Change the signal intensity of water during gastrointestinal imaging by MRI.

» Give high contrast and the best imaging quality.

Mineral supplements (such as calcium, zinc, iron, potassium, magnesium,
sodium, and manganese) have been proposed as alternate contrast agents in this
study because the preceding conditions have been satisfied and affect the magnetic
field.
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3.1 Introduction

In this chapter, materials used as alternatives to traditional contrast agents are
presented. Mineral supplements have been suggested as alternative contrast agents
in the MRI because they are available in pharmacies, are non-expensive, have no or
minimum side effects, and affect the magnetic field. After that, the procedure for

preparing supplement solutions and the MR imaging protocol will be explained.

3.2 Mineral Supplements

In this research, we have used mineral supplements that are affected by the
magnetic field of the type paramagnetic and superparamagnetic types. Mineral
supplements are available in local pharmacies, such as calcium, zinc, iron,

potassium, magnesium, sodium, and manganese.

A summary of the characteristics of each mineral supplement will be provided

in the following.

3.2.1Calcium

Calcium (Ca) is an element in the Periodic Table of Elements Group Il (the
third period). It has a valence of two [57], an atomic weight of 40.08, and an atomic
number of twenty. The element calcium possesses paramagnetic characteristics
[58].

Calcium is available as dietary supplements in a number of forms, such as
calcium chelates and calcium carbonate. Calcium carbonate contains the highest
concentration of elemental calcium. However, it is less soluble and thus less
accessible than calcium chelates. Calcium carbonate is found in antacid

medications (with a daily maximum intake of 4000 mg of calcium) [59,60]. This
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argument underpins the 1000mg daily consumption recommendation for adults
[61,62].

Toxic consequences of high calcium consumption have only been described
when calcium is administered in the carbonate form at very high doses; this toxicity
Is induced by the alkali as well as the calcium and is caused by calcium salt
precipitation in renal tissue (milk-alkali syndrome). In practice, however, a calcium
intake limit of 3g (75mmol) is recommended [61,63]. Renal calcium excretion
occurs through the glomerular filtration process (adults excrete around eight to ten

grams of calcium each day) [57,64].

3.2.2 Zinc

Zinc is a group 1B of the Periodic Table of Elements with an atomic weight
of 65.37. Zinc exists as Zn?* in biological systems and is found in all tissues and

fluids throughout the body [57]. Zinc possesses diamagnetic properties [58].

In the traditional sense, the body has no zinc reserves. Zinc is liberated and
may be reutilized to some extent during bone resorption and tissue catabolism [61,
65]. Urinary zinc excretion ranges from 300 to 700 g/day [57].

Under European legislation, the zinc salts acetate, citrate, chloride, gluconate,
oxide, lactate, carbonate, and sulphate are listed in the list of chemicals that can be
employed in the preparation of foods for specified nutritional applications and in
mineral supplements [57].

Many approved medications contain zinc, either by itself or in combination
with other chemicals, and they are used to treat and prevent deficiency. The acute
toxic effects of zinc occur at levels of around 200 mg or greater, while the
maximum daily intake of medications available is through a pharmacist is 150 mg
[59, 63].
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After consuming 4-8g (60-120 mmol) of zinc, symptoms such as nausea,
vomiting, diarrhea, fever, and fatigue have been noted. However, prolonged intakes
of zinc above what is necessary may interfere with the metabolism of other trace

metals. High zinc doses appear to be particularly susceptible to copper [61].

3.2.3 lron

The atomic mass of iron metal is 55.8. One of its two oxidation states is
present in biological systems, and the redox interconversions of the ferric (Fe3")
and ferrous (Fe?) forms are crucial to the mineral's biological characteristics.
Oxygen carriers like myoglobin and hemoglobin require iron as a necessary
component [57,59,66]. Iron is a super paramagnetic property [58].

Ferrous salts (chloride, fumarate, gluconate, glycerophosphate, succinate,
sulphate) are more easily absorbed than ferric salts. The most prevalent are ferrous
sulphate and succinate [59].

Iron is not actively eliminated from the body through the kidneys or the
intestines. Only cells from the skin and the interior surfaces of the body (the
intestines and urinary tract) lose iron. Iron is reversibly stored in the liver as ferritin
and haemosiderin, and it is distributed throughout the body through protein
transferrin [61]. Supplemental iron levels of 50-220 mg/day and higher have been

caused by vomiting, nausea, and pain in the abdomen [63, 67].

3.2.4 Potassium
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Potassium is an alkaline metallic element. It is never found in its elemental
form in nature and is always found in conjunction with other chemicals, most often
as chloride salt (KCI) [59], potassium has paramagnetic properties [58].

Potassium chloride is commonly used in dietary supplements, although
several other forms, such as potassium citrate, phosphate, aspartate, bicarbonate,
and gluconate, are also utilized [67].

The kidneys are the main potassium excretory pathway. It is secreted by the
renal tubules in exchange for sodium from the glomerular filtrate (ion-
exchanging process). Sweat and feces excretion are insignificant [59].

However, a few case studies have shown that adults who appear to be in good
health can experience negative effects on heart function from supplemented
potassium levels of 5-7 g/day. In addition, people who are healthy using several
types of potassium supplements at doses ranging from roughly 1-5 grams of
potassium per day have reported experiencing gastrointestinal symptoms
(discomfort, mucosal sores, and occasionally ulceration) [57, 68]. The serving of

dietary supplements contains no more than 99 mg of potassium [67].

3.2.5 Magnesium

Magnesium (Mg) belongs to the Periodic Table of Elements Group 11, which
also contains two other medically important elements: calcium and magnesium.
The atomic weight of Mg is 24.312, the atomic number is 12, and the valency is
two [57,59]. Magnesium is a paramagnetic metal [58].

Mg is commonly bound or chelated in food derived from plant and animal
sources, such as phytic acid, phosphates, and chlorophylls, or it is integrated into
biological apatite (skeleton) [57, 69]. Mg salts (such as chloride, sulfate, phosphate,
carbonate, and citrate) dissociate in aqueous solutions based on concentration,

temperature, and pH [57]. The current upper limit for magnesium in a dietary
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supplement is 600 mg per day dose. The daily minimum for magnesium is 75 mg
[70].

Magnesium is mostly eliminated in the urine [59]. Human kidneys are capable
of swiftly excreting significant amounts of magnesium that have been ingested or
injected. Even after massive doses, serum levels often remain within the normal
and safe range. Subjects with normal kidneys can excrete 40 to 60 g of magnesium
per day as a continuous infusion without having any deleterious effects.

Magnesium-containing medications, typically antacids and cathartics, are
taken more than 15 g per day on a chronic basis, and blood levels can rise. Moderate
elevations in plasma magnesium levels might cause nausea, vomiting, and

hypotension [63].

3.2.6 Sodium

Sodium (Na*) is a 22.99 atomic mass alkali metal. Sodium is a solid metal at
normal temperatures and pressures; it is extremely reactive in both water and air
and is not found naturally in its elemental form [57]. Sodium has paramagnetic
properties [58].

The major component of table salt is sodium chloride (NaCl). A gram of
sodium chloride contains 0.4 grams of sodium and 0.6 grams of chloride. Sodium-
containing food additives that can be added to both foods and supplements include
riboflavin, sodium iodate, sodium carbonate, sodium citrate, sodium lactate,
sodium salts of orthophosphoric acid, sodium selenite, sodium fluoride, sodium
borate, sodium iodide, sodium bicarbonate, sodium gluconate, sodium hydroxide,
sodium selenate, sodium hydrogen selenite, and sodium molybdate [71].

All adults were given an adequate intake (Al) of 1.5 g/day. Adults should limit
their sodium intake to less than 2.3 g per day, according to the 2015-2020 Dietary
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Guidelines for Americans [71,72]. However, consuming too much sodium can
result in high blood pressure, heart disease, stroke, and coronary heart disease [73].

Sodium excretion by the gastrointestinal and respiratory tracts is insignificant
under normal conditions, and sodium is largely excreted by the kidneys [74].
3.2.7 Manganese

A typical metallic element called manganese may exist in a variety of
oxidation states. The most significant Mn ions in life are Mn?* and Mn** [59]. There
are several different oxidation states of manganese, with Mn (I1) being the most
prevalent in biological systems [57]. Manganese possesses paramagnetic properties
[58].

The EU Scientific Committee for Food (SCF) determined that a safe and
appropriate consumption was 1-10 mg/person/day [57,59]. Manganese is primarily
eliminated in the feces, primarily through biliary excretion, but some direct
secretion occurs. Manganese is eliminated in small quantities in the urine. Human
volunteers in supplementation experiments with 15 or 9 mg manganese/day for 124
days and “many months” respectively had no deleterious effects. There is some
evidence that drinking water having higher levels of manganese may have less
severe neurotoxic effects at lower levels of exposure. Muscle pain, weariness,
tremor, memory issues, and reduced reflexes are among the symptoms mentioned
[59,75].

Manganese is found in many various forms in dietary supplements, including
amino acidchelates (e.g., manganese bisglycinate chelate, manganese glycinate
chelate, and manganese aspartate). Manganese gluconate, manganese picolinate,
manganese sulfate, manganese citrate, and manganese chloride are some more
types [76].

3.3 Devices

There are many devices used in this study as the following:
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3.3.1. Millers

The millers were used to grind the mineral supplement tablet to increase and

accelerate its solubility in distilled water (Figure 3.1).

3.3.2. Digital balance

Digital balance is used to measure tablet weight before and after grinding.

Manufacturer country: China (Figure 3.1).

3.3.3. Thermometer

The thermometer is utilized to measure the temperature of samples before

scanning in MRI. Manufacturer country: China (Figure 3.1).

3.3.4. Total Dissolved Solids (TDS) meter

TDS is an abbreviation for Total Dissolved Solids meter, which represents a
measure of the total charged mineral content of water before and after dissolving a
mineral supplement tablet in distilled water. The total amount of dissolved solids
(ppm) is commonly displayed by TDS meters. Manufacturer country: China (Figure
2.1).

3.3.5. MRI scan

Images of this research were obtained using MRI -1.5Tesla (Siemens-

Germany). The solutions were tested in MRI by tubes and healthy volunteers.
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a-Miller

c-Thermometer d-TDS meter

e- MRI scan
Figure 3.1: Devices used in the research
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3.4 Preparing Samples(solutions)

Grinding and dissolving mineral supplements (intake daily dose) in different
amounts of distilled water (0.5,1,1.5, and 2 standard cups (1 cup=240ml) were
performed to obtain solutions (samples). For example, two calcium supplement
tablets (containing 1000 mg of calcium carbonateCaCQO3) were dissolved in each

(0.5,1,1.5, and 2 standard cups) of distilled water (TDS=0ppm), in another way:

1000 mg of calcium carbonate+0.5 standard cup of distilled water represents

samplelof calcium solution.

e 1000 mg of calcium carbonate+1 standard cup of distilled water represents
sample 2 of calcium solution.

e 1000 mg of calcium carbonate+1.5 standard cup of distilled water represents
sample 3 of calcium solution.

e 1000 mg of calcium carbonate+2 standard cup of distilled water represents

sample 4 of calcium solution.

The four samples and distilled water were examined using test tubes to

determine which sample had the lowest concentration and the best quantitative
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image. This sample was then examined by a healthy volunteer.

Figure 3.2: procedure of preparing samples(solutions).

The dissolved amounts of the investigated mineral supplement are shown in
Table 3.1.

Table 3.1: The doses of mineral supplements used in this research and compared with reference daily dose.

Mineral The chemical the dose Reference daily

supplements | composition of the | used (mg) dose (mg)

supplement

Calcium carbonate
Zinc sulfate 125 40-150
Ferrous sulfate 200 50-220
Potassium gluconate 99 1000
Magnesium citrate 500 75-600
Sodium bicarbonate 500 1500-2300
Manganese citrate 4 1-10
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3.5 Phantom Study

An imaging phantom or “phantom” is a scientific device that is often used in
the biomedical research community. A phantom is a specially designed object that
Is utilized as a “stand-in” for human tissue and can be scanned or imaged to evaluate,

analyze, and fine-tune the performance of an imaging device.

Phantom experiments of varying concentrations for different mineral
supplements were performed on 35 phantoms (tubes), including 7 phantoms of
distilled water (control), followed by MRI-GI scanning. The signals of the image's

results were measured using a region of interest (ROI) signal (area 300 mm?).

The sample with the lowest concentration and the best quantitative image was

then evaluated by healthy individuals.

Figure 3.3: Phantom experiments procedure.

3.6 Volunteers Study

This is a quasi-experimental study with a pre-and post-test design. The subjects
of this study were 30 healthy volunteers who received an MRI-GI examination with

standard preparation of fasting 8 hours before the procedure. The treatment consists
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of an oral mineral supplement solution that is scanned 3 minutes after oral
supplement solution administration [53]. The individuals chosen were healthy, had

no history of claustrophobia, had no metal implants, and were not pregnant.

3.7 Quantitative Analysis of MR Images

The image quality of the magnetic resonance equipment was assessed using the
signal intensity (SI), signal-to-noise ratio (SNR), relative signal-to-noise ratios
(RSN), and contrast (C) of each MR image. Drawing a 300 mm? region of interest
(ROI) in the area of the alimentary tract for each participant allowed us to calculate
the signal intensities.

The SPSS (Statistical Package for Social Science) program, version 22.0, was
used to analyze the data. The quantitative values were estimated using the mean and
standard deviation (SD). The t-test for quantitative data was used in two-set
comparison to examine quality differences. P-values < 0.05 for both sides were

considered statistically significant.

The P value is defined as the chance of receiving a result equal to or more
extreme than what was seen under the premise of no impact or difference (null
hypothesis). The P stands for probability, and it indicates the likelihood that any
observed difference between groups is attributable to chance. Because P is a
probability, it can have any value between 0 and 1. Values near O indicate that the
observed difference is unlikely to be attributable to chance, whereas values close to
1 imply that there is no difference between the groups other than through chance
[77].

Correlation is a statistical measure (a number) that represents the magnitude

and direction of an association between two variables.
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The Pearson correlation technique is the most often used approach for
numerical variables; it provides a number between 1 and -1, where O indicates no
connection, 1 indicates an entire positive correlation, and -1 indicates a total negative
correlation [78,79].

3.8 Qualitative Analysis of MR Images

The subjective image quality was evaluated separately by the radiologist, who
has 11 years of expertise in MR Imaging. A four-point Likert scale has been used to

rate subjective image quality while taking contrast into account:
1 =poor; 2= sufficient; 3 = good; 4 = excellent.

A Likert scale is a type of rating system used to quantitatively evaluate

opinions, beliefs, attitudes, or actions. It consists of four or more questions [80,81].

3.9 Protocol of MR Imaging

The 1.5Tesla-MRI machine (Siemens) was used to create the images for the tests,

and the imaging conditions are as follows:

T1-weighted

two-dimensional type.
gradient echo sequences, the flip angle is 65 degrees.

repetition time of image TR =6.16 msec.

YV V V VY

echo time of image TE= 2.15 msec.
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T2-weighted:

two-dimensional type

turbo spin echo sequence, 140-degree flip angle.

repetition time TR=2400 msec.

YV V V V

echo time of image TE= 689 msec.
Both in vitro and in vivo experiments utilized the same T1 and T2 weighted.
By constructing a region of interest (ROI) with an area of 300 mm?, the average

signal intensity on each phantom and the stomach region was computed.

3.10 Research Sitting

Before taking part in the study, all individuals provided their informed
permission. The study was carried out in compliance with the Helsinki Declaration,
and the protocol was approved by the Ethics Committee of the Medical Research
Committee, Training, and Human Development Center, Karbala Health Department,
Iragi Ministry of Health. When the search number (2022020/ Karbala) was on the
date 2022/2/2

The MRI department at the Imam Zain EI Abidine Hospital in Karbala, Iraq,

was the place of conduct of this experimental work.

3.11 Procedure of the work

1. Collect mineral supplements: such as iron, magnesium, potassium, calcium,
zinc, sodium, and manganese.

2. Preparing samples: Grinding &dissolving mineral supplements (intake daily
dose) in different amounts of distilled water (0.5,1,1.5, and 2 standard cups)
to obtain solutions (samples).

3. Imaging samples by MRI.
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4. Analyzing vitro data: The best sample will be tested by volunteers.
5. Imaging volunteers by MRI.
6. Analyzing vivo data.

The procedure can be summarized in the following chart
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Collecting mineral
supplements

Figure 3. 4: Procedure of work
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Chapter Four The results and Discussion

4.1 Introduction

In this chapter, we will present images and calculations derived from the study
of the phantom, and the best sample will be chosen based on the results of the
phantom study to be tested by volunteers. The magnetic resonance imaging system's
Image quality was assessed using quantitatively the signal intensity (Sl), signal-to-
noise ratio (SNR), relative signal-to-noise ratios (RSN), and contrast (C) of each
volunteer's images. The qualitative assessment of MR images was performed using

a questionnaire that was reviewed by a radiology specialist in MRI.

4.2 Concentration Measurement

The twenty-eight samples that have different mineral supplements with
different concentrations have been tested by TDS meter to measure the concentration

of mineral ions in water as shown in Table 4.1.

Table 4. 1: Concentration measurement of each sample. One cup=240 ml.

Number | Amount | Calcium | Zinc Iron Potassium | Magnesium | Sodium | Manganese
of (ppm)

samples | of water (ppm) | (ppm) (ppm) (ppm) | (pPm)

0.5 32 380 730 1350 172 1390 34

1 24 257 360 802 130 1102 15

1.5 19 178 316 700 119 780 7

2 15 100 240 510 106 581 3

5 (Distilled 0 0 0 0 0 0 0
- water)

4.3 The Results of the Phantom Study
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4.3.1 MR Imaging of Phantoms

The twenty-eight samples that have different types of mineral supplements
with different concentrations and seven samples of water (control) were examined
by phantoms in MRI to obtain T1-weighted and T2-weighted scans at

temperature=30°C as shown in Figure 4.1 and Figure 4.2

Through the naked eye(qualitatively), it can be seen that the iron solutions
significantly increased the signal intensity of water, and appeared bright white color
on T1-weighted images (Figure 4.1), so it would be tested inside the human body in
the next step. Manganese solutions also appeared with bright white color on T1-
weighted but they are of less brightness than iron solutions. The rest of the solutions
such as calcium, zinc, potassium, magnesium, and sodium did not show a significant

visible color change in comparison with the water on the T1-weighted scan.

Figure 4.2 shows how the calcium solutions considerably enhanced the
water's signal intensity and gave the image an illuminating white color on a T2-
weighted scan, indicating that it would be invested in the test on volunteers in the
following stage. On T2-weighted images, zinc likewise had a white appearance,

albeit less so than calcium solutions.

Samples 1 and 2 of manganese in Figure 4.2 reduced the water signal
completely and appeared black, so it can be considered a negative contrast agent and
would not be tested inside the human body. Iron solutions also reduced the signal of
water on T2- weighted and appeared with grey color but the signal reduction of iron
solutions is less than that of manganese solutions. On a T2-weighted image, the other
solutions (potassium, magnesium, and sodium) did not exhibit discernible changes

in the color of the water.
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MRI images of tubes on T1-weighted

Distilled

Figure 4.1: MRI images of phantoms on T1-weighted scan
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MRI images of tubes on T2-weighted

Number
of Calcium | Zinc Iron Potassium | Magnesium | Sodium Manganese
samples

Distilled
water

Figure 4.2: MRI images of phantoms on T2-weighted scan.

4.3.2 Characteristics of Phantoms MR Images

The fact that resolution in MRI is independent of input RF field wavelength
IS an intriguing feature. Actuality, the inherent resolution in MRI depends on how
the signal and noise are sampled and filtered, and it is ultimately only constrained
by the protons' diffusion through the tissue and the local nonuniformities in the
magnetic field surrounding the proton. The metal supplement causes changes in the
local magnetic field surrounding the proton of hydrogen [40]. Quantitative image
evaluation through the determination of signal intensity was involved in the section
on the optimal sample concentration for use as an oral contrast agent. Therefore, the
signal intensity of each sample in Figures 4.1 and 4.2 is measured in Tables 4.2 and
4.3. Measurements were performed to calculate signal intensities by drawing the

anatomical ROl 300 mm? area in MR images of phantoms.
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Table 4. 2: The signal intensity of phantoms on T1-weighted scan

Number  Signal intensity onT1-weighted

of

Calcium | Zinc Iron Potassium | Magnesium | Sodium Manganese
samples

19750 196.42 851.74 93.18 93.27 89.31 590.44
195.54 19252 637.52 92.4 92.55 89.12 450.9
19498 190.33 586.45 9153 91.25 88.80 264.28
192.63 189.23 470.71  90.70 91.03 88.76 159.95

Distilled 88.41 88.41 88.41 88.41 88.41 88.41 88.41
water

We notice from Table 4.2 that the iron solutions give the highest signal
intensity and they lie in the first order in this respect, while the manganese solutions
are in the second order concerning the signal intensity height. In comparison to the
other supplements, the water signal altered sufficiently little that the human eye was

unable to recognize the difference.

Table 4.3: The signal intensity of phantoms on T2-weighted scan.

Number | Signal intensity on T2-weighted

e Calcium Zinc Iron Potassium | Magnesium | Sodium Manganese
Samples

1093 98250 267.27  330.85 495.43 394.72 0.15
088.86 804.63 401.42  380.43 495.16 418.74 0.69

- 87197 65225 418.05  387.33 491.47 453.10 124.31

BIiel 45478 45478  454.78 454.78 454.78 454.78 454.78
water
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In Table 4.3, the calcium solutions have the maximum signal intensity and they
lie in the first order in this respect, whereas the zinc solutions lie in the second order
concerning the signal intensity height. The water signal changes due to the other
solutions are significantly less than the corresponding changes due to calcium and
zinc solutions. Manganese solution as a reducing agent for the signal on T2 images,
completely dimmed the water signal in sample 1 and sample 2 of the manganese
solutions, although the manganese solutions contain a small percentage of the

manganese supplement.

The image's results were assessed using the ROl signal (area of 300 mm?) and
compared with background noise. On T1-weighted and T2-weighted images, the
signal-to-noise ratio (SNR) for each sample was calculated according to equation
(1.10), as shown in Tables 4.4 and 4.5. The images that have a low signal-to-noise
ratio (SNR) or low signal intensity at a noise-level equivalent are neglected.
Therefore, the image of sample 1 for the manganese solution is neglected on T2-
weighted scan (Table 4.5).

Table 4. 4: The signal-to-noise ratio (SNR) of phantoms on T1- weighted scan.

Number | SNR on T1-weighted
0]

=
19479  193.71 849.03 90.47 90.56 86.60 587.73

- 192.83 189.81 634.81 89.69 89.84 86.41  448.19
- 192.27 187.62 583.74 88.82 88.54 86.09  261.57
- 189.92  186.52 468.00 87.99 88.32 86.05  157.24
8570 8570 8570  85.70 85.70 8570  85.70
water
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Table 4.5: The signal-to-noise ratio (SNR) of phantoms on T2- weighted scan.

Number  SNR on T2-weighted
of

samples Calcium Zinc Iron Potassium | Magnesium | Sodium | Manganese

1092.46 981.96 266.73  330.31 494.89 394.18 -0.39

988.32 804.09 400.88  379.89 49462  418.20 0.15
973.65 73519 410.16  381.55 491.87  447.47 34.90

87143 651.71 41751  386.79 490.93 452.56 123.77

45424 45424 45424  454.24 454.24 454.24 454.24
water

To assess the image of each sample qualitatively and quantitatively and to
compare the signal of each sample with the water signal, equation (1.11) from the
first chapter was used. The obtained relative signal-to-noise ratio (RSN) results are
arranged in Table 4.6 and Table 4.7.

Table 4.6: The relative signal-to-noise ratio (RSN) of phantoms on T1-weighted scan.

Number | RSN on T1-weighted

2.27 2.26 9.91 1.06 1.06 1.01 6.86

2.25

2.21 7.41 1.05 1.05 1.01 5.23

2.24 2.19 6.81 1.04 1.03 1.00 3.05

2.22 2.18 5.46 1.03 1.03 1.00 1.83

Distilled 1.00 1.00 1.00 1.00 1.00 1.00 1.00
water
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In sample 1 of the iron solution, the presence of iron ions increased the water
RSN by 9.91 times, as well as the rest of the iron samples increased the water RSN
by 7.41, 6.81, and 5.46, the amount of increase is interesting, so it can be used as a

positive contrast agent on T1-weighted images.
Table 4. 7: The relative signal-to-noise ratio (RSN) of phantoms on T2-weighted scan.

Number | RSN on T2-weighted
of

samples | Calcium Iron Potassium | Magnesium | Sodium | Manganese

-0.0008

2.18 1.77 0.88 0.84 1.09 0.92 0.0003

1.92 1.43 0.92 0.85 1.08 1.00 0.2724

Distilled 1.00 1.00 1.00 1.00 1.00 1.00 1.00
water

In Table 4.7, the presence of calcium ions doubled the water signal. It can be

- 2.14 1.62 0.90 0.84 1.08 0.99 0.0768

utilized as a positive contrast agent on T2-weighted because of both the increase's

quantity.

In the same table, it is seen that the presence of manganese ions reduced the
water RSN significantly. For example, sample 2 of manganese reduced the RSN of
water by 0.0003 times. The amount of reduction is significant, so it can be employed

as a negative contrast agent on T2-weighted images.
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The results of the phantoms study can be summarized as the following

» The calcium supplement causes a significant increase in the signal of the
hydrogen (the water) on T2-weighted. Ca [1s? 2s? 2p® 3s? 3p® 4s?] is thought to
be paramagnetic due to the excitation of one electron from the s orbital to the
empty d orbital (the s and d orbitals are closer in energy, causing a transition to
occur between both orbitals), rendering the s orbital unpaired in its excited state
and attracted to the magnetic field (Pauli’s paramagnetism) [82].

» The manganese supplement reduces the signal intensity of the hydrogen (the
water) on T2-weighted. Manganese atom (Mn) has the following electron
configuration: 1s? 2s? 2p® 3s? 3p® 4s? 3d® [49]. In this instance, the manganese
atom (Mn) has five unpaired electrons. This explains why there is a significant
change in the signal strength despite the low manganese contents in the water.

» The iron supplement causes a significant increase in the signal of the hydrogen
(the water) on T1-weighted. The electron configuration of the iron atom (Fe) is
as follows: 1s? 2s? 2p® 3s? 3p°® 4s? 3d° [83]. The iron atom (Fe) in this case
possesses four unpaired electrons. This explains why, despite few iron
concentration in water, there is a considerable shift in the intensity of the signal.

> All concentrations of magnesium, potassium, and sodium supplements had no
impact on the hydrogen signal in water. This is because when these materials
dissolve in water, they form ions with saturated electronic shells unaffected by
the magnetic field. For example, in sodium chloride (NaCl), ponding entails the
transfer of an electron from each (Na) atom to (Cl) each the result two ions (

Na* and Cl~ have close shells and are both diamagnetic [84].
The calcium, manganese, and iron supplements would be tested by volunteers.

4.4 The Results of the Volunteer Study
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Thirty healthy participants had MRI scanning before and after the
administration of a mineral supplement solution, after a 3-minute duration of
administration, the participants were separated into three groups (each group
consisted of ten volunteers). The first group took calcium supplements, the second
group took manganese supplements, and the third group took iron supplements. The
MRI-GI questionnaire was used for the qualitative analysis, which was evaluated by
a radiologist, and the quantitative analysis was done by measuring the SNR, RSN,

and contrast values.

4.4.1 The Calcium Supplement
a- MR Images

The study of calcium supplements includes five females and five males
volunteers ranging in age from 25 to 35 years, with an average age of 29 years and
a body mass index of 27.23 Kg/m? ranging from 24.43 to 34.73 Kg/m?2. Following
an eight-hour fast, the 10 healthy volunteers were subjected to two MRI exams; the
Imaging was performed on them before and after three minutes of drinking the best
supplement solution. Images of participants were compared before and after the oral
administration of the calcium supplement solution (2 calcium supplement tablets +
240 ml of water) to compare the MRI images of an empty stomach with MRI images

of a stomach full of calcium solution as shown in Figure 4.3.

On the T1-weighted scan shown in Figure 4.3, the color of the stomach's
interior did not change after drinking the calcium solution; however, on the T2-

weighted scan, the stomach's interior changed color and appeared light grey.
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The empty stomach the stomach full of calcium solution

T1-weighted

T2-weighted

Figure 4.3: Transverse abdominal MRI for an empty stomach and a stomach full of calcium solution

b- Quantitative Analysis

To assess the image quality of the magnetic resonance equipment, the signal
intensity (SI), signal-to-noise ratio (SNR), relative signal-to-noise ratios (RSN), and
contrast (C) were evaluated using Equations (1.10) - (1.12) for each volunteer's
before and after the oral administration. Signal intensities were calculated by
drawing a 300 mm? area of interest (ROI) in the alimentary tract area for each

participant.

The data of ten volunteers (two distinct sets were taken for each volunteer;
before and after taking a calcium supplement solution) were gathered and calculated.

The data were analyzed using SPSS (Statistical Package for Social Science) program.
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The mean and standard deviation (SD) were used to estimate the quantitative data.
Differences in qualities were explored using the t-test for quantitative data in a two-
sets comparison. Both sides' P-values of 0.05 or less were regarded as statistically
significant. Table 4.8 shows the statistical data of ten volunteers on the T1-weighted
scan, whereas the volunteers' statistical data on T2-weighted images are shown in
Table 4.9.

In Tables 4.8 and 4.9, the correlation values close to 1 indicate a linear positive
correlation before and after taking calcium solution, and the P-value close to zero
that means statistically highly significant. In the same tables, the presence of calcium
had a positive effect on the hydrogen proton signal intensity and increased SNR,
RSN, and contrast on T1-weighted and T2-weighted, but T2-weighted images have

the highest contrast values.

Table 4. 8: The statistical data of Ten volunteers before and after taking a calcium supplement
solution on T1-weighted.

The empty The stomach full of

. . Correlation P-value
stomach calcium solution

S| 96.18+2.92 188.51 +4.17 0.762 2.56%10715
SRS 94.02 £ 2.93 186.38 + 4.12 0.757 2.46*10715

RSN, 0qn + SD 1.17 +0.04 2.32+0.05 0.757 2.46*10°1°

Crean £ SD 32.99 +4.33 125.32 + 3.69 0.783 2.56*10°1
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Table 4. 9: The statistical data of Ten volunteers before and after taking a calcium supplement
solution on T2-weighted

The empty The stomach full of

. . Correlation P-value
stomach calcium solution

S0 S0 291.89+4.45 828,67 +10.16 0.909 7.76%107%°

S e 29012 £4.45  826.95 +10.22 0.907 8.48%101°

): XYY ) B 0.68 £ 0.01 1.94 +0.02 0.907 8.48*101°

@ s | 14596 +£1.58 68272 +7.80 0.875 8.50%10%°

Qualitative Analysis

The qualitative assessment of MR images was performed using a
questionnaire that was reviewed by a radiology specialist, and the data from the
image assessment findings were analyzed. Questionnaires on the anatomy of

gastrointestinal contrast were completed using the Likert scale: -
1= poor, 2= sufficient, 3= good, 4= excellent.

The qualitative evaluations of MR images on T1-weighted and T2-

weighted are shown in Figures 4.4 and 4.5.

Figure (4.4) displays the radiologist assessment of gastrointestinal tract
images on T1-weighted. In that graph, the entire gastrointestinal tract had a value

of poor without calcium supplement treatment, and the majority also had a value
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of bad following calcium supplementation. This indicates the ineffectiveness of

calcium supplementation as a contrast agent on T1-weighted images.

The graph in Figure (4.5) depicts the evaluation of the gastric tract images.
In this graph, the majority of the gastric tract had a value of poor without calcium
supplement administration; however, the majority obtained a value of good after

calcium supplementation.

T1-weighted

10

' - 4 A post-contrast
A A

A pre-contrast

poar sufficient good excellent

M pre-contrast M post-contrast

Figure 4.4: The comparison of MR images before and after calcium supplement solution

administration on T1-weighted scan.
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T2-weighted

m l - 4 post-contrast
A A A

pre-contrast

10

poar sufficient good excellent

M pre-contrast M post-contrast

Figure 4.5: The comparison of MR images before and after calcium supplement solution

administration on T2-weighted scan.

The calcium supplement significantly increases the hydrogen (water) signal
on T2-weighted imaging. Ca [1s? 2s? 2p® 3s2 3p® 4s?] is believed to be paramagnetic
because of the excitation of one electron from the s orbital to the emptied d orbital
(the s and d orbitals are closer in energy, causing a transition to occur between both
orbitals), leaving the s orbital unpaired in its excited state and attracted to the

magnetic field (Pauli's paramagnetism) [48].

The quantitative and qualitative evaluation of the MR images demonstrate
the utility of calcium supplementation as a positive contrast agent on T2-
weighted.
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4.4.2 The Manganese Supplement

a- MR Images

With an average age of 33.6 years and a body mass index of 27.42 kg/m?,
ranging from (23.63 - 27.18) kg/m?, the six females and four males participants in
the trial of manganese supplements range in age from 23 to 47 years. The ten
healthy participants underwent two MRI tests after an eight-hour fast; the imaging
was done on them before and after they drank the manganese supplement solution

lasting 3 minutes.

Figure 4.6 shows the comparison of MRI scans for an empty stomach and MRI
scans for a stomach full of manganese solution taken before and after the oral
administration of the manganese supplement solution (one manganese supplement
tablet + 240 ml of water).

The stomach's interior on the T1-weighted scan seen in Figure 4.6 changed
color and appeared bright white. The stomach's interior changed color and appeared

black on the T2-weighted scan after drinking the manganese solution.
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the stomach full of manganese
The empty stomach _
solution

T1-weighted

T2-weighted

Figure 4. 6: Transverse abdominal MRI for an empty stomach and a stomach full of manganese solution

b-  Quantitative Analysis

The image quality of the magnetic resonance equipment was assessed using
the signal intensity (SI), signal-to-noise ratio (SNR), relative signal-to-noise ratios
(RSN), and contrast (C) of each volunteer’s subjected to two tests. Drawing a 300
mm? region of interest (ROI) in the area of the gastrointestinal tract for each
participant allowed us to compute the signal intensities.

Data were collected and calculations were made for two separate sets of ten

participants (before and after consuming a manganese supplement solution). The
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SPSS application was used to analyze the data. The quantitative values were
estimated using the mean and standard deviation (SD). The t-test for quantitative
data was used in a two-set comparison to examine quality differences. P-values of
0.05 or less for both sides were considered statistically significant. Ten subjects’
statistical data on T1-weighted images are displayed in Table 4.10, while volunteers'
statistical data on T2-weighted images are displayed in Table 4.11.

In Tables 4.10 and 4.11, correlation values around 1 demonstrate a linear
positive correlation before and after drinking manganese solution, while P-values

near 0 imply highly statistical significance.

Reduced T2 relaxation time, which results in lower signal intensity from the
manganese supplement fluid than stomach tissues on T2-weighted imaging, is what

gives the manganese supplement solution its negative contrast impact.

Table 4.10: The statistical data of ten volunteers before and after taking a manganese supplement solution

on T1-weighted scan.

The empty the stomach full of .
_ correlation P-value
stomach manganese solution
Shnean £ SD 96.18 + 2.80 426.81 + 251 0.99 2.57*10%

SNReqn £ SD 03.18 + 2.47 424.42 +2.15 0.95 3.00%10°%°
RSN ean £ SD 1.16+ 0.03 5.31 + 0.03 0.95 3.00*10%

Cmean £ SD
SRS Bl 363.62 + 4.17 0.93 2.12*10%
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Table 4.11: The statistical data of ten volunteers before and after taking a manganese supplement solution
on T2-weighted scan.

The empty the stomach full of

. correlation P-value
stomach manganese solution

SIoan + SD 291.19 + 4.94

56.77 + 3.41 0.72 4671018

SNReqn £ SD 287.28 + 4.83 51.10 + 3.57 0.80 1.05*10°18
RSN ,,oqn + SD 0.68 +0.01 0.12+0.01 0.80 8.21*102

Cmean + SD 145.42 + 3.47 -78.27 +3.65 0.95 3.36*1022

c-  Qualitative Analysis

The radiology specialist assessed the data from the image evaluation findings,
and the qualitative assessment of MR images was completed using a questionnaire.
The Likert scale was used to complete questionnaires on the contrast between the
gastrointestinal system and the manganese solution. The figures below illustrate the

qualitative evaluation of T1-weighted and T2-weighted MR images.

Figure 4.7 represents the radiology specialist’s evaluation of T1-weighted
gastrointestinal tract images. In this graph, the wall of the gastric tract had a bad
value without manganese supplementation, while the majority had an excellent value
after manganese treatment. This demonstrates the utility of manganese

administration as a positive contrast agent on T1-weighted.
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T1-weighted

10

post-contrast

poor sufficient good excellent

pre-contrast

L T =) Ry o o]

M pre-contrast M post-contrast

Figure 4.7: The comparison of MR images before and after manganese supplement solution administration
on T1-weighted scan.

T2-weighted

10

8

6

a

2 4 - post-contrast

A A - 4 pre-contrast
0
poor sufficient good excellent

B pre-contrast B post-contrast

Figure 4.8: The comparison of MR images before and after manganese supplement solution administration

on T2-weighted scan.
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The bulk of the graph in Figure 4.8 showed an excellent value following
manganese supplementation. This indicates the value of the manganese supplement

as a negative contrast agent on T2-weighted.

The quantitative and qualitative analysis of the MR images supports the
efficacy of manganese supplementation as a positive contrast agent on T1-weighted
Images and negative contrast agent on T2-weighted images. This result is consistent
with the results obtained by previous studies such as the work performed by Utami
et al [53], carried out the first experimental investigation using jasmine (Contains a
high concentration of manganese) as oral contrast agent. This study demonstrated
that jasmine tea may be utilized as a substitute safe natural negative oral contrast
agent on T2-weighted, and Vesna et al [54], employed pineapple juice (contains a
high concentration of manganese) instead of commercially available negative
contrast agents on T2-weighted scan via MRI. The manganese supplement increases
the hydrogen (water) signal intensity on T1-weighted images and decreases it on T2-
weighted images. The electron configuration of manganese atom (Mn) is as the
following: 1s?, 2s2, 2p°®, 3s?, 3p°®, 452, 3d° [49]. The manganese atom (Mn) in this case
possesses five unpaired electrons. This explains why there is a significant difference
in signal intensity despite the low manganese concentration in the water. This
indicates the manganese administration's importance as a positive contrast agent on

a T1-weighted scan and a negative contrast agent on a T2-weighted scan.

4.4.3 The Iron Supplement

a- MR Images

The five female and five male participants in the iron supplement experiment
vary in age from 24 to 58 years, with an average age of 37.7 years and a body mass
index of 27.95 kg/m? ranging from (22.96 - 31.93) kg/m?. After an eight-hour fast,
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the 10 healthy individuals got two MRI exams; the imaging was performed on them
before and after they drank the iron supplement solution.

Figure 4.9 depicts a comparison of MRI scans performed before and after oral
administration of the iron supplement solution (one iron supplement tablet + 240 ml
of water) for an empty stomach and MRI scans taken after oral administration of the
iron supplement solution for a stomach full of iron solution.

The color of the stomach's contents changed to bright white on the T1-weighted scan
as depicted in Figure 4.9. The stomach's contents changed color and appeared grey

on the T2-weighted scan after consuming the iron solution.

The empty stomach the stomach full of iron solution

T1-weighted

T2-weighted

Figure 4.9: Transverse abdominal MRI for an empty stomach and a stomach full of iron solution

b-  Quantitative Analysis
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We calculated signal intensities by drawing a 300 mm? region of interest
(ROI) in the area of the stomach and intestines for each participant. For each
volunteer, the signal-to-noise ratio (SNR), relative signal-to-noise ratios (RSN), and

contrast (C) were measured.

Data and computations were obtained for two distinct groups of ten volunteers
(before and after taking an iron supplement solution). The data were analyzed using
the SPSS program. The mean and standard deviation (SD) were used to estimate the
quantitative values. In a two-set comparison, the t-test for quantitative data was
utilized to investigate quality differences. P-values < 0.05 were deemed statistically

significant on both sides.

Table 4.12 displays statistical data from ten individuals on T1-weighted
Images, whereas Table 4.13 displays statistical data from volunteers on T2-weighted

images.

Table 4. 12: The statistical data of ten volunteers before and after taking an iron supplement solution
on T1-weighted scan.

The empty the stomach full of | correlation P-value

stomach iron solution

1.86*102°

S0 E T 95.89+2.58  498.41+1.97

SR 92.89£2.27  496.02+ 1.74 0.817 6.94%1024

TS 1164003 6.18+0.02 0.817 6.04%107%

AR 33.00£3.96  435.22+3.80 0.859 3.88*1022
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Table 4. 13: The statistical data of ten volunteers before and after taking an iron supplement

solution on T2-weighted scan.

UG 201.18+4.93  395.36 £ 2.94 4.03*10°16

SI

287.28 +4.82  389.70 + 3.54 0.877 3.62*1016
0.68  0.01 0.92 +0.008 0.877 3.62*1016
14542 £3.47  260.33 £3.45 0.799 il ATl

The correlation values around 1 in Tables 4.12 and 4.13 show a linear positive

The empty the stomach full | correlation P-value
stomach of iron solution

correlation before and after ingesting iron solution, and the P-value near O indicates

statistically highly significant results.
c-  Qualitative Analysis

The radiology professional evaluated the data from the image evaluation
findings, and the qualitative assessment of MR images was conducted using a
questionnaire. The Likert scale was utilized to answer questionnaires on the contrast
between the stomach and intestines and the manganese solution. Figures 4.10 and

4.11 show the qualitative evaluation of T1-weighted and T2-weighted MR images.
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T1-weighted

- l post-contrast
7 A

pre-contrast

10

o M s 00

poor sufficient good excellent

M pre-contrast M post-contrast

Figure 4.10: The comparison of MR images before and after iron supplement solution administration on

T1-weighted scan.

T1-weighted images of the gastrointestinal system are evaluated by the
radiology specialist in Figure 4.10. Without iron addition, the gastrointestinal tract
wall had a poor value in that graph, but the majority had an excellent score following

iron treatments. This indicates the value of iron treatment as a positive contrast agent.

The examination of the stomach images is shown in Figure 4.11. After iron
supplementation, the majority of those on that graph attained a sufficient evaluation.
This demonstrates that iron supplementation may be used as a negative contrast
agent. However, manganese is more effective as a negative contrast agent on T2-

weighted scan.
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T2-weighted

l ' A post-contrast
A A A

pre-contrast

10

poor sufficient good excellent

M pre-contrast M post-contrast

Figure 4.11: The comparison of MR images before and after iron supplement solution administration on

T1-weighted scan.

The effectiveness of iron supplementation as a positive contrast agent on T1-
weighted images and a negative contrast agent on T2-weighted images is supported
by the quantitative and qualitative analysis of the MR images. This result is in
agreement with studies performed by other researchers like Isnoviasih et al [50] who
used superparamagnetic iron supplement solutions as a replacement for negative
contrast media. This study compared the variations in stomach SNR values on T2-
weighted before and after administering an iron supplement solution as a substitute

for negative oral contrast media.

The iron supplement significantly enhances the hydrogen (water) signal on
T1-weighted and reduces T2-weighted imaging. Iron atom (Fe) electron
arrangement is as the following: 1s?, 2s?, 2p®, 3s?, 3p°®, 4s2, 3d® [49]. In this situation,

the iron ion has four unpaired electrons. This explains why, despite the low
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concentration of iron in the water, there is a significant change in signal intensity.
As a result, it can be shown that iron supplements can act as a positive media on T1-

weighted and a negative media on T2-weighted. On T2-weighted images, manganese
performs more efficiently as a negative media.
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Chapter Five Conclusions

5.1 Conclusions

The previously conducted results and analysis can be summarized by the

conclusions below.

1. A positive contrast agent on T2-weighted images might be the calcium
supplement. Zinc acts less efficiently as a positive contrast agent on T2-
weighted images.

2. The significance of the manganese supplementation as a positive contrast
agent on a T1-weighted scan and a negative contrast agent on a T2-weighted
Images.

3. The iron supplement has a substantial beneficial effect on T1-weighted
images and a negative effect on T2-weighted images. Manganese operates
more efficiently as a negative medium on T2-weighted images.

4. Magnesium, potassium, and sodium supplements had no significant effect on
T1-weighted and T2-weighted images.

5.2 Recommendations
There are some important recommendations for anyone interested in the
field of magnetic resonance imaging:

1. Manganese and iron supplements are excellent positive contrast agents on
T1-weighted. Manganese supplement is an effective negative contrast
agent and calcium supplement is a beneficial positive contrast agent that
may be used for gastrointestinal tests on T2-weighted images.

2. If mineral supplements are used as an oral contrast agent, the patient must
have a blood test done beforehand to find out if he has an excess of a certain

mineral.
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5.3  Future works

Through the scientific process of this research, some future works can be

proposed:

1. Some mineral supplements (such as calcium, manganese, and iron) can be
given intravenously so that they may be studied as an intravenous contrast
agent.

2. Study another mineral supplement such as copper supplement as a contrast
agent in MRI

3. Preparation of mineral supplements as nanomaterials and study of their
properties.

4. Study of higher doses of mineral supplements instead of intake daily dose.
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