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Abstract 

Magnetic resonance imaging (MRI) is an established non-invasive and non-destructive medical 

imaging modality for the assessment of various organ systems in the human body. Gadolinium-Based 

Contrast Agent (GBCA) enhanced and improved images from MRI and was believed to be entirely 

excreted through urine in normal kidney function within 24 hours after injection. Previous studies 

identified gadolinium accumulations in the brain, bones, and skin of animals. This study evaluated 

gadolinium retention in normal kidneys, Liver, and heart of Wistar rats after administration of 

GBCAs in male Wistar rats. Twenty-five male Wistar rats of ages ≥ 5 weeks or ≤ 6 weeks in 4 

experimental and 1 control groups were studied. Ethical considerations were obtained from the 

Institutional Review Board (IRB) of the Nigerian Institute of Medical Research (NIMR), Nigeria. 

Samples in experimental groups each administered 2.5 mls of 4 different GBCAs, and the control 

group same per day of saline intravenously through the lateral tail for five days a week and continued 

for 4 weeks. The kidney, Liver, and Heart tissues of these samples were harvested 4 weeks after the 

last injection and sent for spectrometry evaluation. Samples in the control group had no gadolinium 

accumulation. Groups administered gadopentetate dimeglumine, and gadodiamide had greater 

cardiac metrics (0.397 and 0.390). The higher renal metric was experienced by samples that received 

dotarem and cyclolux (0.397 and 0.377), though the sample exposed to cyclolux reported more Liver 

metric (0.407) than other concentrations. Wistar rats’ Kidneys, Liver, and Heart retained gadolinium 

weeks after injection of GBCAs. 

Keywords: Dotarem and Cyclolux, Gadolinium, Gadodiamide, Gadopentetate dimenglumine, 

Magnetic resonance imaging. 

Introduction 

Magnetic resonance imaging (MRI) is a 

well-established non-invasive, and non-

destructive medical imaging modality for the 

assessment of various organ systems in the 

human body [1], including the kidney, hepatic 

structures, and cardiovascular system. They 

often provide images that are superior to those 

obtained with computed tomography (CT) 

scans and have the advantage of avoiding 

iodinated radio-contrast agents having more 

overall toxicity [2]. Impaired or pathologic 

organs may retain gadolinium after injection of 

GBCAs during MRI scan and should therefore 

be used with extreme caution [3, 4]. Lately, a 

growing body of data [5-7] demonstrated that 

gadolinium gathers in tissue (brain, bone, and 

kidney) of patients exposed to GBCAs during 

MRI. Retention of gadolinium has been studied 

to increase in those who have repeated GBCAs 

exposure [5, 6]. Studies found that linear 

GBCAs cause much greater brain deposition of 

gadolinium than macrocyclic GBCAs in 
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animals and humans [8,9]. Many arguments 

were generated about the use of linear GBCAs 

in 2017 despite continuous use for nearly 30 

years with the only reported major adverse 

event being NSF [10]. [11], reported on the 

behavioral abnormalities of fetal mice when 

exposed to 100 doses of linear GBCAs, and rats 

live approximately 3 years and assume sexual 

maturity in ≥ 6 weeks [12-14]. The American 

College of Radiology and the US Food and 

Drug Administration (FDA) refused to restrict 

the use of linear GBCAs (FDA). The decision 

on the use of the linear GBCAs during MRI 

studies in the USA, Japan, and Europe are 

totally different because it is still unclear 

whether the gadolinium accumulation in the 

brain is toxic [10], though the Japanese 

radiologists use of the agent has drastically 

decreased from 64.7 % in 2014 to 24.7 % in 

2016[15]. Gadolinium depositions in the human 

body have received fundamental interest 

associated with impaired or pathologic organs 

after injection of GBCAs during MRI; this 

retention had been documented with the brain, 

bone, and soft tissues following repeated 

administrations and has resulted in numerous 

lawsuits. There is, however, concern for normal 

major organs to prevent unforeseen toxicity. 

We hypothesized the following: i) there is no 

concentration of gadolinium in the tissue of the 

kidney, Liver or heart of Wistar rats and that 

there is no statistically significant difference in 

the concentration distributions of the four 

different GBCAs on the Kidney, Liver, and 

Heart of male Wistar rats. Therefore, this study 

aimed to determine the concentration 

distributions of the gadolinium-based contrast 

agents after administration in the kidney, Liver, 

and heart of Wistar rats. 

Materials and Methods 

Research Design 

This was an experimental study. This design 

was adopted because the animal understudy 

have biological and behavioral characteristics 

closely resemble to those of humans, and 

animal-like rats are susceptible to most similar 

health conditions as humans. All variables and 

their relationships were carefully identified. 

Predictions that are specific and testable were 

decided. 

Area of Study 

The animals were housed and later sacrificed 

at the physiology laboratory of Bayero 

University, Kano State, Nigeria, under standard 

conditions. They had free access to water and 

diet (normal rat foodstuff). They were 

acclimatized for two weeks prior to the onset of 

this experiment. The histology and mass 

spectrometry was conducted at histology and 

chemical pathology laboratories Ysusuf 

Maitama Sule University, Kwanar Dawaki 

Campus Kano, Nigeria. 

Ethical Consideration and Selection 

Criteria 

All methods adopted in this study were 

conventionally in line with Nigerian animal 

welfare law and experimental protocols, 

compliance with the “Guide for Care and Use 

of Laboratory Animals” summarized by [16]. 

The experiments were conducted after an 

ethical approval (IRB/21/038) was obtained 

from the Institutional Review Board (IRB) of 

the Nigerian Institute of Medical Research 

(NIMR), Yaba Lagos, Nigeria. 

Inclusion Criteria 

1. Male Wistar Rats. 

2. Ages ≥ 5 ≤ 6 weeks. 

Exclusion Criteria 

1. Female Wistar Rats due to hormonal 

fluctuations. 

2. < 5 weeks of age not equating to adult 

human. 

Sample Size Determination and 

Sampling Technique 

A simple approach to calculating sample size 

was adopted in this study since the effect of 

different GBCAs is to be examined, plus to 
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avoid complex statistical calculations and 

ethical issues. This method is based on 

ANOVA calculations and the sample size for 

this study was reached at twenty-five (25) 

Wistar rats. A simple random technique was 

adopted to group the animals. 

Animal Specimen 

The animals studied were twenty-five (25) 

healthy male wistar albino rats, and their health 

condition was only determined by thorough 

observations, body weight, age, and 

assessment. No blood or urine volume, heart 

rate, allergens and respiratory rate taken. This 

model was selected for this study owing to their 

smaller body size, high rate of survival, and 

lower tumor or lesion incidence compared to 

other outbreed rats. The ages of the animal were 

≥ 5 ≤ 6 weeks old, because they have reached 

maturity at this time [14, 17]. The male breeds 

were studied since the female hormones 

fluctuate during the reproductive cycle and 

could influence the outcome of the experiment 

(18]. The animals received 20 intravenous 

injections each of 2.5 mmol GBCA per 

kilogram (gadolinium-exposed group) or saline 

(control group) over a period of 28 days (4 

weeks). The animals were killed without 

anaesthesia. The kidney, Liver, and heart 

tissues of each of the animals were harvested 

for histological changes and subjected to 

plasma mass spectrometry (PMS) for 

assessment and quantification of gadolinium 

retention. 

Experimental / Test Agents 

The contrast media used for this study were: 

1. Gadopentetate dimeglumine known as 

magnetect (Gd-DTPA), is an ionic Gd 

complex with a linear polyaminocarboxylic 

acid ligand. The chemical formula is 

C₂₈H₅₄GdN₅O₂₀. 

2. Gadodiamide, also known as Omniscan 

(Gd-DTPA-BMA), a linear, non-ionic Gd 

complex with the chemical formula of 

C16H28GdN5O9. 

3. Gadoterate meglumine, known as doterem 

by Guerbet (DOTA-Gd), a macrocyclic 

ionic GBCA having the chemical formula 

of C23H42GdN5O13. 

4. Gadoterate meglumine, known as cyclolux 

by Sanochemia (DOTA-Gd), also a 

macrocyclic ionic. 

Instrument and Procedures for Data 

Collection 

Instrument used in this study are: 

1. Microscope. 

2. Spectrophotometer. 

Method of disposal of Animal 

The incineration method through the 

licensed commercial medical waste company 

was used after the body parts, and carcasses of 

the Rats are bagged in a seal bag provided by 

division of laboratory animals. 

Statistical Analysis 

Data were categorized into groups A, B, C, 

D, and E based on the type of contrast 

administered. Statistical analysis was done on 

the statistical package for the social science 

SPSS version 23 (SPSS incorporated, Chicago) 

using descriptive statistics (mean values, 

frequency, and percentages). 

Results 

GBCAs in the Tissues of the Kidney, 

Liver and Heart of Male Wistar Rats 

Table 1 shows the absorbance values of 

gadolinium in tissues of the organs studied 

from concentration of different GBCAs 

administered. The group that received 

gadodiamide had gadolinium absorbance, Heart 

> Kidney > Liver (0.404, 0.397, 0.376). Kidney 

> Heart > Liver absorbance of Gd+3 (0.383, 

0.359, 0.346) in group that received dot area, 

whereas Heart > Liver > Kidney absorbance of 

Gd+3 (0.394, 0.371, 0.386) in group that 

received gadopentetate dimeglumine. The 

group that received cyclolux had Gd+3 Liver > 

Kidney >Heart (0.412, 0.405, 0.389). The only 
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group with Liver =kidney=Heart =0 from 

concentration was the group that received 

normal saline. Figure 1 shows the spectrometric 

curve of absorbance gadolinium plotted against 

the GBCAs concentration, and Figure 2 

illustrates the graphical distribution of the 

GBCAs in the Kidney, Liver, and heart tissue 

of samples studied. 

Table 1. Gadolinium Absorbance and GBCAs Concentration in the Kidney, Liver, and the Heart of Male Wistar 

Rats 

Gadopentetate 

Dimeglumine 

Kidney Liver Heart 

 Abs. Conc. Total Abs. Conc. Total Abs. Conc. Total 

1 0.363 1.523 1.886 0.377 1.579 1.956 0.394 1.647 2.0410 

2 0.369 1.547 1.916 0.386 1.615 2.001 0.384 1.607 1.9910 

3 0.366 1.559 1.925 0.372 1.559 1.931 0.389 1.627 2.0160 

4 0.371 1.587 1.958 0.379 1.587 1.966 0.394 1.647 2.0410 

Total 1.469 6.216 7.685 1.514 6.340 7.854 1.561 6.528 8.0890 

Gadodiamide 

1 0.363 1.523 1.886 0.352 1.479 1.831 0.391 1.635 2.0260 

2 0.366 1.535 1.901 0.331 1.395 1.726 0.396 1.655 2.0510 

3 0.397 1.659 2.056 0.360 1.511 1.871 0.397 1.659 2.0550 

4 0.365 1.531 1.896 0.390 1.631 2.021 0.397 1.659 2.0560 

5 0.368 1.543 1.911 0.376 1.575 1.951 0.404 1.687 2.0910 

Total 1.859 7.791 9.650 1.809 7.591 9.400 1.985 8.295 10.279 

Dotarem 

1 0.372 1.559 1.931 0.332 1.399 1.731 0.352 1.479 1.831 

2 0.371 1.555 1.926 0.329 1.387 1.716 0.359 1.507 1.866 

3 0.383 1.603 1.986 0.331 1.395 1.726 0.335 1.411 1.746 

4 0.374 1.567 1.941 0.346 1.455 1.801 0.355 1.491 1.846 

5 0.372 1.559 1.931 0.336 1.415 1.751 0.352 1.479 1.831 

Total 1.872 7.843 9.715 1.674 7.051 8.725 1.753 7.367 9.120 

Cyclolux 

1 0.370 1.551 1.921 0.398 1.663 2,061 0.389 1.627 2.016 

2 0.401 1.675 2.076 0.406 1.695 2.101 0.376 1.575 1.951 

3 0.405 1.691 2.096 0.407 1.699 2.106 0.380 1.591 1.971 

4 0.405 1.691 2.096 0.412 1.719 2.131 0.376 1.575 1.951 

5 0.402 1.679 2.081 0.410 1.711 2.121 0.374 1.567 1.941 

Total 1.983 8.287 10.270 2.033 8.487 10.520 1.895 7.935 9.830 

Normal Saline 

1 0.000 0.0712 0.0712 0.000 0.0712 0.0712 0.000 0.0712 0.0712 

2 0.000 0.0712 0.0712 0.000 0.0712 0.0712 0.000 0.0712 0.0712 

3 0.000 0.0712 0.0712 0.000 0.0712 0.0712 0.000 0.0712 0.0712 

4 0.000 0.0712 0.0712 0.000 0.0712 0.0712 0.000 0.0712 0.0712 

5 0.000 0.0712 0.0712 0.000 0.0712 0.0712 0.000 0.0712 0.0712 

Total 0.000 0.3560 0.3560 0.000 0.3560 0.3560 0.000 0.3560 0.3560 
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Figure 1. Spectrometry Curve of Absorbance Gadolinium against GBCAs Concentration in the Tissues of the 

Kidney, Liver, and Heart of Male Wistar Rats 

 

Figure 2. Distribution of GBCAs in the Tissues of the Heart, Liver and Kidney of Male Wistar Rats 
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Discussion 

This current study utilized two linear 

(gadopentetate dimeglumine and gadodiamide), 

together with two macrocyclic, brands of 

gadoterate (dotarem and cyclolux) and was 

observed that all the GBCAs had deposition of 

gadolinium in the tissue of the organs studied as 

this was confirmed through the 

spectrophotometric readings, in agreement with 

previous study [19]. We found that the 

Gadopenetate Dimeglumine absorbance and 

concentration in the organs studied were 

highest in the heart, followed by the kidney and 

the least was found in the Liver. The 

absorbance and concentration of Gadodiamide 

was found to be highest in the heart, followed 

by kidney, and the least was recorded in the 

Liver of the Wistar rats. With regards to the 

Dotarem contrast agent, both the absorbance 

and concentration were mostly found in the 

kidney, followed by the heart and the least in 

the Liver of the animals. The Liver had the 

highest absorbance and concentration of the 

Cyclolux contrast agent. These findings imply 

that different contrast agents accumulate or are 

being retained at different amount depending on 

the types of the agent as well as the tissues of 

the organ under investigation. These findings 

agree with the findings of the studies conducted 

by [8, 20-23], which also reported that the 

degree of deposition of contrast agents used 

MRI varies with the types of agent used as well 

as the tissues of the organs examined. 

According to [24], gadolinium is a none 

naturally occurring biological component, and 

once administered into the tissues of an animal, 

it is retained for a long duration. 

Conclusion 

All the GBCAs had deposition of gadolinium 

in the tissue of the organs studied, as this was 

confirmed through the spectrophotometric 

readings. The concentration of the agents’ 

deposition varies with the types of the agent 

administered as well as the tissues of the organ 

under investigation. 
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