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Introduction: This research aims to find an alternative oral contrast agents that can be used in magnetic 
resonance imaging (MRI) of the gastrointestinal (GI) tract, this contrast agent must be with no or minimum 
side effects and gives a best imaging quality. 
Material and Methods: We have used manganese supplement (intake daily dose) after dissolving in different 
amounts of distilled water to obtain samples (the concentrations of the manganese solution) as oral contrast 
agents. The samples have been placed in tubes and imaged by MRI for finding the sample that has lowest 
concentration with best imaging sequences and contrast of the images. After that, this sample was tested by 
healthy volunteers. The subjects of the investigation were ten healthy volunteers who were scanned pre-
contrast and post-contrast. The image result is measured by the signal value to calculate the SNR, contrast 
and then a different test is performed. There were significant variations in stomach SNR values between pre 
and post contrast (p-value < 0.05 ). 
Results: The results show that the manganese supplement gives a good imaging sequences and contrast of 
the images. The contrast of manganese solution is positive on T1-weighted and negative on T2-
weighted.This manganese supplement behavior is similar to the complex chemical manganese compounds 
studied in other investigations. 
Conclusion: The manganese supplement can be considered as a positive contrast agent on T1-weighted and 
negative contrast agent on T2-weighted.  
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Introduction 
The use of MRI in gastrointestinal imaging has 

been difficult in distinguishing GI tract from intra-
abdominal masses and normal organs. So the 
gadolinium-based solution (Gd) acts as a positive 
contrast agent while barium dilute (2%) acts as a 
negative contrast agent on T2 weighted these 
solutions have been used as oral contrast agents and 
can aid in this problem [1]. 

 The gadolinium-based solution and barium dilute 
(like any other drug) can cause mild allergic reactions, 
flushing, nausea, rash, headache, etc. One of the most 
serious complications of the gadolinium-based 
solution contrast agent is nephrogenic systemic 
fibrosis [2], and they are expensive. 

Therefore, many studies have been conducted to 
find alternatives to oral contrast agents, which are 
safer for patients and minimize the side effects of 
allergies to chemical contrast agents in MRI 
examination. The paramagnetic manganese 
compounds have been in the forefront of contrast 
agent research, as they are believed to be one of the 
most promising alternatives to gadolinium (III), such 
as the new manganese (II) complex [Mn(PyC3A)(H2O)] 
as the gadolinium alternative[3,4], MnO nanoparticles 

embedded in functional polymers as T1-contrast 
agent [5], macrocylic chelate [Mn(PC2A-BP)][6], etc. 

In addition, other researches have been conducted 
on organic materials that contain on manganese such 
as nature prepared fruit juices as pineapple juice [7], 
juice and pulp of acai fruit [8], medlar fruit, blueberry 
juice, green tea [9], jasmine tea [10] and black tea [11]. 

In this research, a new suggestion for using 
manganese supplement as an oral contrast agent for 
GI tract scanning in MRI. Because, the manganese 
supplement is safe on patients, available, and non-
expensive compared to traditional contrast agents. 

 
Basic equations 

The magnetic resonance imaging is a type of scan, 
which uses strong magnetic field (𝐵𝑜) and radio 
waves (RF) to produce detailed images (T1-weighted, 
T2-weighted, and proton density -weighted) from 
inside the body. A radio wave in a form of one or more 
short pulses is sent into human body, where it is 
absorbed by the nuclei of hydrogen atoms (1H) [12].   

 The magnetic field (𝐵𝑜) causes identical nuclei 1H 
to precess at different Larmor frequency (𝑓𝐿), which is 
determined by the Larmor equation 
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𝑓𝐿 =
𝛾

2𝜋
∙ 𝐵𝑜                                                                                (1) 

 
𝛾 is called the gyromagnetic ratio, which is a 

property of a given nucleus[13]. Gyromagnetic ratio is 
also defined as the ratio between the magnetic 
moments(𝜇) to the total angular momentum𝐼𝑁  of the 
atomic nucleus [14]. 

𝛾 =
𝜇

𝐼𝑁
                                                                                         (2) 

 
When an external magnetic field (𝐵𝑜) is applied to 

the nuclei, these nuclei align either parallel or 
antiparallel with the magnetic field. The energy 
spacing ∆𝐸𝑚 between the parallel and antiparallel 
alignments is 

∆𝐸𝑚 =
𝛾 ℎ𝐵𝑜

2𝜋
                                                                              (3) 

 
Here h is the Planck constant [13]. To calculate the 

relative number of nuclei in each of the two 
alignments the Boltzmann equation can be used [15, 
16]  

𝑁𝑎𝑛𝑡𝑖

𝑁𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙
= 𝑒− 

Δ𝐸𝑚
𝐾𝑇 = 𝑒− 

γ h 𝐵𝑜
2 𝜋 𝐾𝑇                                              (4) 

 
Where k is Boltzmann’s constant with a value 

of 1.38 ∗ 10−23 𝐽/𝐾, and T is the temperature 
measured in Kelvin. 

Two kinds of spin measurements have the 
biological importance. One is associated with 
magnetic moments of unpaired electrons and the 
other with the magnetic moments of nuclei [17]. 

 

Materials and Methods 
Some theoretical calculations were implemented by 

using the equations in section 2 to clarify the effects of 
nucleus and the unpaired electrons in the manganese 
atom on the signal of hydrogen atom in the water. 
Which contribute to the explanation of experimental 
results. As for the experimental study, its steps are 
summarized as follows 

Oral contrast agent: We dissolved one tablet of 
manganese supplement (content 13.2mg of manganese 
citrate, or 4mg of manganese) (Pure Encapsulations) in 
each (120,240,360,480 ml) of distilled water to obtain 
four samples that have different concentrations and can 
be used as contrast agents. The four samples and 
distilled water have been tested by tubes for finding the 
sample that has lowest concentration with  best 
quantitative image , after that, this sample  was tested by  
healthy volunteer      

Imaging samples in MRI: images of examinations 
were accomplished by 1.5Tesla-MRI machine(Siemens) 
and the imaging conditions are as follows : 

 T1-weighted:- 2-dimentions, Gradient echo 
sequences, flip angle=65, repetition 
time=6.16mes ,echo time=2.15msec,    

  T2-weighted:- 2-dimentions, turbo spin echo 
sequence, repetition time=2400msec, echo 
time=689msec, flip angle=140deg. 

These sequences were used in vitro and vivo studies 
In vivo study: ten healthy adult volunteers 

participated in the study (6 females and 4 males ranging 
in age from 23 to 47 years, with the average of age 33.6 
years, and the average of body mass index 27.42 kg/m2. 
The ten healthy volunteers were tested by two MRI 
examinations following an eight-hour fasting period; the 
imaging was done on them before and after three 
minutes drinking the best concentration of the 
manganese solution. 

This study was performed at MRI unit, Imam Zain 
El Abidine hospital, Karbala-Iraq. 
 

Results 
Theoretical study  

We did some theoretical calculations by equations from 

one to four in section 2 that show the impact of the nucleus 

and the unpaired electrons in the manganese atom in the 

magnetic field, as well as for the nucleus of the hydrogen in 

the water. This helps us to find out whether the electron or 

the nucleus changed the signal intensity of the hydrogen 

nucleus, as shown in the following table (1). 

Table (1) shows that the energy spacing ∆𝐸𝑚   and 

Larmor frequency for the manganese nucleus are less than 

the corresponding values for the unpaired electron .The 

ratio 
𝑵𝒂𝒏𝒕𝒊

𝑵𝒑𝒂𝒓𝒂𝒍𝒍𝒆𝒍
 (2.5 per million) is very low, this means that 

the effect of the manganese nucleus is neglected in the 

magnetic field of 1.5T. 

The energy spacing ∆𝐸𝑚   and Larmor frequency for 

the unpaired electron have the higher values in comparison 

the hydrogen nucleus, and the ratio 
𝑵𝒂𝒏𝒕𝒊

𝑵𝒑𝒂𝒓𝒂𝒍𝒍𝒆𝒍
 (99.3 percent) 

is relatively very high. Therefore, it can be concluded that 

unpaired electrons in the manganese atom cause change in 

the signal intensity of the hydrogen nucleus. 

 

Experimental study  

 The four samples that have different concentrations 

have been tested by TDS meter to measure concentration 

of manganese content of water .as shown in table (2). 

 
 

 

Table 1. Theoretical calculations under conditions, temperature=30℃, magnetic field (B) =1.5T 

 

 Gyromagnetic 
Ratio ɣ (Sec-1.T-1) 

fL(Hertz) ∆Em(Joul) Nanti

Nparallel

 

Hydrogen nucleus 2.6753 × 108 6.4309 × 107 4.2319 × 10−26 1.0116 × 10−5 

electron 1.7587 × 1011 4.2008 × 1010 2.7820 × 10−23 0.9934 

Manganese nucleus 6.6156 × 107 1.5802 × 107 1.0465 × 10−26 2.5015 × 10−6 
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Table 2.  Concentration of manganese in each sample    
 

Number of 

sample  

amount of water(ml) in sample 

+13.2mg of Manganese citrate 

Manganese 

(ppm) 

1 120 34 

2 240 15 

3 360 7 

4 480 3 

 

After that, the samples and water (control) were 

examined by tubes in MRI to obtain T1-weighted and T2-

weighted at temperature=30℃  as shown in the figure (1). 
 

Figure 1. T1-weighted (2-dimentions, Gradient echo sequences), and T2-

weighted (2-dimentions, turbo spin echo sequence) 
 

 
 

The section of optimal manganese concentration as oral 

contrast agent was carried out by scanning simples and 

measuring the signal intensity(S), standard deviation(SD), 

and calculating signal to noise (SNR) value.as shown in 

table(3)   

The signal to noise (SNR) is the ratio of the average 

signal intensity (Sav) measured in the region of interest to 

standard deviation of the signal intensity in a region outside 

object being imaged. SNR is calculated to quantitative 

image assessment by the following formula [18]: 

𝑆𝑁𝑅 =
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑠𝑖𝑔𝑛𝑎𝑙 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 (𝑆𝑎𝑣) 

𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 (𝑆𝐷)𝑜𝑓 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑
                      (5) 

 

From table (3), the sample (1) has highest signal 

intensity and SNR greater than one on T1-weighted, but on 

T2-weighted SNR is less than one so the signal becomes 

unusable. Therefore, sample (2) can be considered as the 

best to be as oral contrast agent and will be studied inside 

the human body. 

We have evaluated the image quality in the magnetic 

resonance device through SNR and the contrast(C). The 

contrast (C) is a difference in signal intensity between two 

adjacent tissues or between contrast agent and surrounding 

tissues.  

𝐶 = 𝑆𝐴 − 𝑆𝐵                                                                        (6) 

 

𝑆𝐴, 𝑆𝐵  are signals of two adjacent tissues or contrast 

agent and surrounding tissues[19]. 

The images information of ten volunteers was 

evaluated before and after the oral administration of the 

manganese supplement solution (sample 2). Measurements 

were performed to calculate signal intensities by drawing 

the area of anatomical (ROI) 300 mm2 in the stomach area 

for each volunteer. 

Data of ten volunteers were collected and tabulated for 

a two-group (before and after taking a manganese 

supplement solution). Version 22.0 of the SPSS (Statistical 

Package for Social Science) application was used to 

analyze the data. The estimations of the quantitative data 

were the mean and standard deviation (SD). For a two-

group comparison, differences in attributes were examined 

using the t-test for quantitative data, The P-value < 0.05 

on both sides was considered statistically significant, as 

shown table (4) and table (5)  
 

 

Table 3. Values of signal intensity(S), standard deviation (SD), and signal to noise (SNR) of each sample on T1-weighted and T2-weighted. Where standard 
deviation (SD) of background= 1.14 on T1-weighted, and 0.56 on T2-weighted 

 

Number of sample T1-weighted T2-weighted 

Sav SD SNR Sav SD SNR 

1 490.44 8.17 430.21 0.15 0.39 0.27 

2 350.90 6.94 307.81 0.69 0.27 1.23 

3 204.28 4.95 179.19 35.44 1.20 63.29 

4 139.95 4.47 122.76 124.31 4.70 221.98 

water 88.41 3.37 77.55 454.78 9.41 812.11 

 
Table 4. Signal intensity (SI), SNR, and contrast(C) in the stomach before and after taking a manganese supplement solution on T1-weighted 

 

 The empty stomach the stomach full of manganese solution correlation P-value 

SImean ± SD 96.18±2.804 536.81±2.5106 0.996 1.94*10-26 

SNRmean ± SD 79.59±4.204 443.99±13.896 0.958 1.34*10-15 

Cmean ± SD 33.29±3.928 473.62±4.1667 0.925 1.59*10-23 
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Table 5. Signal intensity (SI), SNR, and contrast(C) in the stomach before and after taking a manganese supplement solution on T2-weighted 
 

 The empty 

stomach 

the stomach full of manganese solution correlation P-value 

SImean ± SD 161.29±4.982 55.77±3.629 0.750 4.49*10-15 

SNRmean ± SD 61.56±9.548 26.40±1.007 0.861 4.48*10-7 

Cmean ± SD 25.66±3.173 -369.67±1.1389 0.671 3.14*10-21 

 

Table (4) shows that the administration of a manganese  

supplement solution rises values of the signal intensity (SI), 

SNR, and contrast (C) in the stomach with a p-value  
≪ 0.05  (it is statistically high significant).  

Table (5) illustrates that presence of manganese 

supplement solution reduces signal intensity (SI), SNR, and 

negative contrast (C) values in the stomach with a p-

value ≪ 0.05 . 
 

 
 

Figure 2. MRI transverse section of abdomen (T1-weighted) under 

imaging conditions 2-dimentions, Gradient echo sequences. 
 

 
 

Figure 3. MRI transverse section of abdomen (T2-weighted) under 

imaging conditions: 2-dimentions, turbo spin echo sequence.       
 

The contrast of manganese solution in the stomach is 

positive on T1-weighted and negative on T2-weighted. 

Therefore, it can be considered as positive contrast agent 

on T1-weighted and negative on T2-weighted     

       To clarify the behavior of the manganese solution 

in the human body: The healthy volunteer is 39 years old, 

and has a body mass index (BMI) =25.8kg/m2, he drunk 

the solution (1 tablet of manganese supplement +240ml of 

water) after fasting for 8 hours. The volunteer has been 

examined after 3minutes after drinking solution, and the 

resulting MRI images as seen in figure (2) and figure (3). 
 

Discussion 
The manganese supplement solution was utilized as 

an oral contrast medium in this investigation because it 
possesses paramagnetic properties, namely it has a high 
magnetic susceptibility and is highly impacted by an 
external magnetic field. A safe daily intake of 
manganese was determined by the European Scientific 
Committee for Food (SCF) to be between 1 and 10 mg 
[21]. To make sure it is safe and has few adverse effects, 
one tablet of a manganese supplement (4mg of 
manganese) was used in this study. The solution (1 
tablet of manganese supplement +240ml of water) gives 
a good quantitative image assessment; in addition to 
that, it is available and not expensive.   

The oxidation state of manganese in manganese 

citrate(𝐶12𝐻10𝑀𝑛3𝑂14) is two. Here, the electron 

configuration of manganese ion (𝑀𝑛+2) 

is 1𝑠2 2𝑠2 2𝑝6 3𝑠2 3𝑝6 3𝑑5[20]. Here, the manganese 

ion (𝑀𝑛+2) has five unpaired electrons.  This explains 
the significant change in the signal intensity of hydrogen 
nucleus, despite the little concentrations of the 
manganese in water. 

The Signal to Noise Ratio (SNR) is referred to as the 
ratio of the received signal to the average of the noise 
[18]. The intensity of stomach signal is assessed using 
SNR parameters in this study. A high gastric SNR 
indicates a strong signal in the stomach. The stomach 
SNR value increases before and after administration of a 
manganese supplement solution. There is a significant 
difference in the gaster contrast of the MRI images 
before and after the administration of a manganese 
supplement solution. 

The presence of manganese in the water led to an 
increase in the signal intensity of the hydrogen nucleus 
on T1-weighted, and a reduction on T2-weighted. This 
behavior of manganese supplement is similar to the 
complex chemical manganese compounds in the other 
studies [3, 4, 6]. 

 

Conclusion 
The manganese supplement is an effective 

alternative to oral contrast agents for gastrointestinal 
tract magnetic resonance imaging. Where it appears as 
good positive contrast agent on T1-weighted and a 
negative contrast agent on T2-weighted, it is also safe 
with no or minimum side effects and it is non-expensive 
compared to traditional contrast agents. 

 
 

Stomach 

Stomach 



      Zainab Abdulla Mankhi, et al.                                                                                                                                Manganese as a Contrast Agent in MRI 
    

Iran J Med Phys, Vol. 21, No. 1, January 2024                                                                               44 

Acknowledgment 
We thank the medical staff in the MRI unit- Imam 

Zain El Abidine hospital for facilitating the practical 
procedures for this research. 

 

References 
 

1. Das CJ, Mahalingam S, Debnath J, Dhawan S. MRI 
contrast media: what clinicians need to know. The 
National Medical Journal of India. 2010 Sep 
1;23(5):292-6. 

2. Smith NB, Webb A. Introduction to medical 
imaging: physics, engineering and clinical 
applications. Cambridge university press; 2010 Nov 
18. 

3. Gale EM, Atanasova IP, Blasi F, Ay I, Caravan P. A 
manganese alternative to gadolinium for MRI 
contrast. Journal of the American Chemical Society. 
2015 Dec 16;137(49):15548-57. 

4. Gale EM, Wey HY, Ramsay I, Yen YF, Sosnovik 
DE, Caravan P. A manganese-based alternative to 
gadolinium: contrast-enhanced MR angiography, 
excretion, pharmacokinetics, and metabolism. 
Radiology. 2018 Mar;286(3):865-72. 

5. Mauri M, Collico V, Morelli L, Das P, Garcia I, 
Penaranda Avila J, et al. MnO nanoparticles 
embedded in functional polymers as T 1 contrast 
agents for magnetic resonance imaging. ACS 
Applied Nano Materials. 2020 Mar 27;3(4):3787-97. 

6. Kalman FK, Nagy V, Váradi B, Garda Z, Molnar E, 
Trencsenyi G, et al. Mn (II)-based MRI contrast 
agent candidate for vascular imaging. Journal of 
Medicinal Chemistry. 2020 May 6;63(11):6057-65. 

7. Elsayed NM, Alsalem SA, Almugbel SA, Alsuhaimi 
MM. Effectiveness of natural oral contrast agents in 
magnetic resonance imaging of the bowel. The 
Egyptian Journal of Radiology and Nuclear 
Medicine. 2015 Jun 1;46(2):287-92. 

8. Pinho KE, Gewehr PM, Pinho AC, Gusso AM, 
Goedert CA. Image Evaluation in Magnetic 
Resonance Cholangiopancreatography. 
InBIOSIGNALS. 2020; 98-105. 

9. Xiao YD, Paudel R, Liu J, Ma C, Zhang ZS, Zhou 
SK. MRI contrast agents: Classification and 
application. International journal of molecular 
medicine. 2016 Nov 1;38(5):1319-26. 

10. Utami HS, Mulyantoro DK, Fatimah F. Jasmine tea 
as a negative oral contrast agent in magnetic 
resonance cholangiopancreatography (MRCP). 
InJournal of Physics: Conference Series 2021 Jul 1 
(Vol. 1943, No. 1, p. 012039). IOP Publishing. 

11. Ghanaati H, Rokni-Yazdi H, Jalali AH, Abahashemi 
F, Shakiba M, Firouznia K. Improvement of MR 
cholangiopancreatography (MRCP) images after 
black tea consumption. European radiology. 2011 
Dec;21:2551-7. 

12. Burtea C, Laurent S, Vander Elst L, Muller RN. 
Contrast agents: magnetic resonance. Molecular 
imaging I. 2008:135-65. 

13. Davidovits P. Physics in biology and medicine. 
Academic press; 2018 Nov 28. 

14. Brown RW, Cheng YC, Haacke EM, Thompson 
MR, Venkatesan R. Magnetic resonance imaging: 
physical principles and sequence design. John Wiley 
& Sons; 2014 Jun 23. 

15. Smith NB, Webb A. Introduction to medical 
imaging: physics, engineering and clinical 
applications. Cambridge university press; 2010 Nov 
18. 

16. Dale BM, Brown MA, Semelka RC. MRI: basic 
principles and applications. John Wiley & Sons. 
2015. 

17. Hobbie RK, Roth BJ. Intermediate physics for 
medicine and biology. Springer Science & Business 
Media; 2007 Sep 9. 

18. Weishaupt D, Köchli VD, Marincek B, Froehlich 
JM, Nanz D, Pruessmann KP. How does MRI 
work?: an introduction to the physics and function of 
magnetic resonance imaging. Berlin: Springer; 2006 
Jul 1. 

19. Brown RW, Cheng YC, Haacke EM, Thompson 
MR, Venkatesan R. Magnetic resonance imaging: 
physical principles and sequence design. John Wiley 
& Sons; 2014 Jun 23. 

20. Martin WC, Musgrove A, Kotochigova S, Sansonetti 
JE. Ground Levels and Ionization Energies for the 
Neutral Atoms (version 1.3). National Institute of 
Standards and Technology, Gaithersburg. 2011. 
Available: http://physics. nist. gov/IonEnergy. 

21.  Authority EF. Tolerable upper intake levels for 
vitamins and minerals. Food SCo, Scientific Panel 
on Dietetic Products NaA, editors. 2006.  

 
 
 
 
 

 


