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ABSTRACT

Magnetic resonance imaging (MRI) is a non-invasive technique that uses strong magnetic fields and
radiofrequency radiation, to measures behaviour of atomic nuclei inside the body, producing signals that are
used to create images. The interactions between the biological systems and magnetic fields present in MR,
concerning changes in hematological parameters are not understood. This research investigated the effects of
MRI on hematological parameters in albino mice. 30 male albino mice were divided into two groups, A
(control) and B (exposed), each consisting of 15 mice. Mice in group B were exposed to a 1.5 T MRI scanner
once a week for 30 minutes for 3 weeks. After the first exposure 5 mice from the exposed and 5 mice from the
control were deeply sedated. This was repeated in the second and third exposure. Ministry of Health in Oyo
State approved all protocols for animal experimentation. Data were expressed in mean + standard error (S.E.)
and analyzed using GraphPad Prism. First week of exposure indicated a significant increase in packed cell
volume, neutrophils, lymphocytes, monocytes of the exposed group except for white blood cells which
decreased. There was significant decrease in packed cell volume and lymphocytes of the exposed group except
for white blood cells and Neutrophil which increased, monocytes were not significant in the second week.
Third week indicated significant increase in white blood cell, lymphocytes, monocytes except for packed cell
volume and Neutrophil which decreased. Thus, the hematological parameters of albino mice are negatively

impacted by MRI exposure.
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INTRODUCTION

Magnetic resonance imaging (MRI) is a non-invasive
technique for mapping the internal anatomy and some aspects
of bodily function. It uses highly calibrated magnetic fields in
conjunction with radio frequency (RF) radiation to create
high-quality cross-sectional pictures of the body in any plane
(Fardela et al., 2023). These magnetic fields (MF) are
significantly stronger than the Earth's magnetic field (Franco,
2020). The patient is placed inside a sizable magnet, which
creates a somewhat strong external magnetic field, to create
the MR image. As a result, many atoms in the body, including
hydrogen, align their nuclei with the magnetic field. When an
RF signal is applied later, energy is released from the body,
recognized, and utilized by a computer to create an MR image
(Manso et al., 2023).

The stray field around the scanner causes MRI-related
exposure, the static magnetic field in the MRI suite is
constantly on, regardless of whether the scanner is operating
or not. The field rapidly diminishes as one moves away from
the scanner because of the static magnetic field (SMF's) active
shielding, creating a broad gradient that becomes noticeable
at 0.5 meters from the bore opening. Personnel moving within
the SMF's spatial gradient are exposed to induce time varying
magnetic field (McRobbie et al., 2020). MRI personnel are
subjected to a static magnetic field for the duration of their
shifts. MRI staff traveling around the scanner will be exposed
to time-varying, extremely low frequency magnetic fields,
which cause electric fields and currents to be induced in their
bodies. This is because the static magnetic field of an MRI
scanner is always on. Additionally, switching gradient fields
used for image encoding are only used during patient

examinations, exposing MRI workers to radiofrequency
radiation at work (Ghadimi-Moghadam et al., 2018).

To evaluate the possible hazardous biological effects
connected with MRI environment and procedures, numerous
researches have been done over the past thirty years. Most of
these studies are comparative to the biological effects of a
specific electromagnetic source utilized in MRI, while there
is a lack of knowledge about the combination of three MFs
components. There is a need to fit in the current findings to
better understand the interactions between EMF connected to
MRI and biological systems (Hartwig et al. 2021).

A researcher investigated the effect of magnetic resonance on
some blood parameters of smoking addicts of all kinds, the
result showed a statistically significant decrease in the
measurements of (smoke + shisha) exposed to the field at a
dose of (3 T) by (11%) for all blood parameters, with the
exception of white cells, which increased by 10.3% (Serwaan
et al. 2023). Another researcher also reported that the low-
frequency static magnetic field had an impact on certain blood
parameters in cancer patients, particularly at low intensities
(0.1 T, 0.7 T). The number of red blood cells and platelets
significantly decreased (P < 0.05), but the number of white
blood cells increased significantly for the same doses
administered (Al-Qadi et al., 2023). Hani and Mohammed,
(2018) highlighted the influence of exposure to different
applied magnetic fields on some hematological parameters.
After the mice were exposed to magnetic field, significant
variations were seen in the majority of the hematological
blood parameters. Prior studies showed contrary results of
SMF effects on behaviour, hematopoietic organs and
hematological parameters. Mice exposed for 28 days to static
magnetic field in the 2-12 T range did not see any changes in
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body weight, blood indices, organ coefficients, or the
histomorphology of the main organs (Wang et al., 2019).
Most of these studies are relative to the biological effects of a
particular electromagnetic source utilized in MRI, while there
is a lack of knowledge in the understanding of the precise
modifications in hematological parameters brought about by
MRI techniques because the majority of the research that has
been done so far has concentrated on heat effects and more
general physiological responses. Therefore, the objectives of
this study are to investigate the effects of magnetic resonance
imaging (MRI) on hematological parameters on albino mice.

MATERIALS AND METHOD

Study Area

This research was done at the MRI Unit, Ladoke Akintola
University of Technology (LAUTECH) Teaching Hospital,
Ogbomoso, Oyo State where the mice were exposed to 1.5
Tesla MRI machine.

Animal Preparation and Exposure

Thirty (30) male albino mice were acquired from Ladoke
Akintola  University of Technology (LAUTECH)'s
Department of Pharmacology. To aid with acclimatization,
mice were housed for a week in plastic cages, exposed to
standard room temperature and lighting, and given access to
animal feeds and water ad libithum. The Ministry of Health in
Oyo State approved all protocols for animal experimentation
with the assigned NREC number
(NHREC/OYOSHRIEC/10/11/22). All procedures were
carried out within the parameters of European Council
Directive (EU 2010/63) on scientific procedures involving
living animals and in accordance with the institutional
protocols that have been authorized.

Thirty male albino mice were divided into two groups, A
(control) and B (exposed), each consisting of 15 mice. Group
A did not receive any MRI exposure, whereas group B was
exposed to a 1.5T MRI with RF range of 64MHz for 30
minutes once a week for three weeks. After the first week of
exposure five five (5) mice from the exposed group and five
(5) mice from the control group were deeply sedated. This was
repeated in the second and third week of the exposure. At the
end of each week after exposure, blood samples were taken
for hematological analysis. After the mice were deeply
sedated the operation used to draw blood samples was a
midline laparotomy in order to draw blood samples from the
heart into the plain EDTA bottles. The MRI scanner (Siemens
Co., MAGNETOM ESSENZA) with field strength of 1.5
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Tesla and RF range of 64 MHz to emit waves was used for the
exposure.

Hematological Parameters

For a hematological test, after the animals has been deeply
sedated, blood was drawn from the heart through midline
laparotomy and placed in EDTA bottles. Blood samples were
kept at 4°C until the further laboratory analysis. Complete
blood count (CBC) was efficiently and accurately analysed
using the automated hematology analyser. The CBC test
includes the determination of total white blood cell counts,
differential white blood cells (Neutrophils, Lymphocytes,
Monocytes, Eosinophils) and packed cell volume.

Statistical Analysis

The expression of the results obtained in this work was in
mean * standard error of the mean (S.E.M). The difference
between the control and the exposed group were revealed by
using the unpaired t-test. P<0.05 was considered to indicate a
statistically significant difference. These tests of significance
were done on GraphPad Prism version 5 for windows.

RESULT AND DISCUSSION

Hematological Studies

Packed Cell Volume (PCV)

The effect of MRI exposure on PCV of the mice in the first
week of exposure indicated a significant increase in the PCV
of the exposed mice when compared to the control group. The
exposed group showed (34.50 + 0.29%) while the control
group showed (28.50 + 0.87%). There was a significant
decrease in the PCV of the exposed group (26.50 + 0.87%)
compared to the control group (40.00 + 0.58%) in the second
week. The third week of exposure also indicated a decrease in
the PCV of the exposed group. The control group showed
(28.50 £ 0.87%) while the exposed group showed (24.50 +
0.87%). The increase in PCV in the first week might be as a
result of quick physiological reaction to MRI exposure that
aims to improve oxygen transport and enable quick adaption
and survival (Suppan et al., 2022). Reduced PCV levels in the
second and third week are the result of the body's gradual
response to chronic stress through regulatory systems that
regulate and optimize physiological functioning for long-term
survival. Also, with days of exposure, PCV will decrease to
the point of hemolysis and anemia. Table 1 shows the effect
of MRI on PCV (%) in control and exposed groups of mice
from the first week to the third week of exposure. Values were
given as mean £SE. ***=Significant at (p<0.001) level of
probability. *=Significant at (p<0.05) level of probability

Table 1: Effect of MRI on PCV (%) in control and exposed group of mice from the first week to the third week of

exposure
Mice group Mean £ S EEM T-test (p-values)
First week
Control 28.50 + 0.8660
Exposed 34.50 £ 0.2887*** 0.0006
Second week
Control 40.00 £ 0.5774
Exposed 26.50 + 0.8660*** 0.0001
Third week
Control 28.50 + 0.8660
Exposed 24.50 +0.8660 * 0.0171

White Blood Cells (WBC)

The effect of MRI exposure on WBC of the mice in the first
week of exposure indicated a significant decrease in WBC of
the exposed group The control group showed (3600 + 57.74
mm?/L) while the exposed group showed (2300 + 57.74

mmq/L). The second week of exposure indicated a significant
increase in the WBC of the exposed group. The exposed
group showed (6200 + 115.5 mm?/L) while the control group
showed (4850 + 86.60 mm?®/L). The third week of exposure
also indicated an increase in the WBC of the exposed group.
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The exposed group showed (8500 + 57.74 mm?®/L) while the
control group showed (6600 + 57.74 mm?&/L). An acute stress
response was probably brought on by the first MRI exposure.
Stress hormones like cortisol can be released when the
hypothalamic-pituitary-adrenal (HPA) axis is activated as a
result of acute stress. A reduction in the number of circulating
WABCs can result from the transient transfer of white blood
cells from the bloodstream to other tissues, such as the spleen
and lymph nodes, when cortisol levels are raised (Dhabhar et
al., 2012). The immune system may start to recover after the
initial acute stress reaction and the subsequent decline in
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WBC numbers. The HPA axis activity may stabilize as the
mice adjust to the MRI exposure, resulting in a drop in cortisol
levels and enabling WBC recovery and proliferation (Dantzer,
2018). Also, the increase might be as a result of the body
seeing the MRI exposure as a foreign agent, thereby triggering
the production of antibodies. Table 2 shows the effect of MRI
on WBC count in control and exposed groups of mice from
the first week to the third week of exposure. Values were
given as mean +SE. ***=Significant at (p<0.001) level of
probability.

Table 2: Effect of MRI on WBC (mm?/L) count in control and exposed group of mice from the first week to the third

week of exposure

Mice group Mean = S.E.M T-test (p-values)
First week

Control 3600 +57.74

Exposed 2300 + 57.74*** 0.0001

Second week

Control 4850 + 86.60

Exposed 6200 + 115.5*** 0.0001

Third week

Control 6600 £ 57.74

Exposed 8500 + 57.74 *** 0.0001

Neutrophils count

The effect of MRI exposure on neutrophil counts of the mice
in the first week of exposure indicates an increase in
neutrophils count of the exposed group. The exposed group
showed (52.00 + 0.58 %) and the control group showed (48.00
+ 0.58 %). The second week of exposure also showed an
increase in the neutrophils count of the exposed group. The
exposed group showed (54.00 + 1.16 %) while the control
group showed (48.50 + 0.87 %). The effect of MRI exposure
on neutrophil count of the mice in the third week of exposure
showed that there was decrease in the neutrophil count of the
exposed group The control group showed (56.50 + 0.87 %)
and the exposed group showed (51.50 + 0.87 %). As part of
the body's defense mechanism, the initial MRI exposure may

have been interpreted by the body as a mild threat or novel
stressor, triggering an innate immune response and raising
neutrophil numbers. The prolonged stress may keep the
immune system stimulated and neutrophil counts high
throughout the second week of exposure (Lauridsen, 2019).
The mice might have grown accustomed to the recurrent MRI
exposure by the third week. Neutrophil numbers may drop as
a result of this adaptation as the body gets used to the new
baseline.

Table 3 shows the effect of MRI on neutrophil counts in
control and exposed groups of mice from the first week to the
third week of exposure. Values were given as mean *SE.
**=Significant at (p<0.01) level of probability.

Table 3: Effect of MRI on neutrophil (%) counts in control and exposed group of mice from the first week to the third

week of exposure

Mice group Mean + S.E.M T-test (p-values)
First week

Control 48.00 +0.58

Exposed 49,50 + 0.58** 0.0027

Second week

Control 48.50 +0.87

Exposed 54.00 + 1.16** 0.0089

Third week

Control 56.50 £ 0.87

Exposed 51.50 £ 0.87** 0.0065

Lymphocytes counts

The effect of MRI exposure on lymphocytes count of the mice
in the first week of exposure showed an increase in the
lymphocytes count of the exposed group. The exposed group
showed (47.50 £ 0.87 %) while the control group showed
(43.50 + 0.87 %). The second week of exposure indicated a
decrease in the lymphocytes count of the exposed group
(32.50 + 1.44 %) compared to the control group (43.50 + 1.44
%) The third week of exposure indicated an increase in the
lymphocytes of the exposed group. The exposed group
showed (38.00 + 0.58 %) and the control group showed (36.00
+ 0.58%). Dynamic variations in the number of lymphocytes

can result from the interaction of various immune cells with
cytokines. When the immune system recalibrates in the third
week, pro-inflammatory cytokines generated during the first
stress reaction may promote lymphocyte proliferation, while
regulatory T cells and anti-inflammatory cytokines may
decrease in quantity in the second week (Simpson et al.,
2020). Table 4 shows the effect of MRI on lymphocytes
counts in control and exposed groups of mice from the first to
the third week of exposure. Values were given as mean *SE.
**=Significant at (p<0.01) level of probability. *=Significant
at (p<0.05) level of probability.
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Table 4: Effect of MRI on lymphocytes counts (%) in control and exposed group of mice from the first to the third

week of exposure

Mice group Mean + S.E.M T-test (p-values)
First week

Control 43.50 +0.87

Exposed 44,25 +0.87* 0.0171

Second week

Control 4350+ 1.44

Exposed 38.00 + 1.44** 0.0017

Third week

Control 37.50+£0.58

Exposed 40.50£0.58 * 0.0498

Monocytes Count

The effect of MRI exposure on monocytes counts of the mice
in the first week of exposure showed a significant increase in
the monocytes count of the exposed group of mice (6.500 +
0.28 %) compared to the control group (5.500 + 0.28 %).
There was no significant difference in the monocytes count of
the exposed group of mice (6.500 + 0.28 %) and the control
group (6.000 £ 0.57 %). The third week of exposure also
showed an increase in the exposed group of mice. The
exposed group showed (6.500 + 0.28 %) while the control
group showed (4.500 = 0.28 %). The immune system

naturally fluctuates in response to both external stimuli and
internal regulation mechanisms (Ding et al., 2024). These
normal oscillations that occur naturally when the body
dynamically reacts to continuous MRI exposure may be
reflected in the observed pattern of early increase,
stabilization, and subsequent increase in monocyte counts.
Table 5 shows the effect of MRI on monocytes counts in
control and exposed groups of mice from the first to the third
week of exposure. Values were given as mean =SE.
*=Significant at (p<0.05) level of probability. **=Significant
at (p<0.01) level of probability. Week 2 was non-significant.

Table 5: Effect of MRI on monocytes counts (%) in control and exposed group of mice from the first to the third

week of exposure

Mice group Mean + S.E.M T-test (p-values)
First week

Control 5.500 +0.28

Exposed 6.500 + 0.28* 0.0498

Second week

Control 6.250 £ 0.57

Exposed 6.500 +0.28 0.4680

Third week

Control 4500 +0.28

Exposed 6.500 + 0.28** 0.0027

Eosinophil Count

The effect of MRI exposure on eosinophil count of the mice
in the first week of exposure showed no significant difference
between the exposed group (1.500 + 0.28 %) of mice and the
control group (1.250 £ 0.25 %). Second week indicated no
significant difference in the control group (1.750 + 0.25 %)
and the exposed group (1.500 £ 0.28 %). and third week of
exposure indicated no significant difference between the
exposed group (1.500 + 0.28 %) of mice and the control
(1.750 £ 0.25 %). MRI exposure might not provide the

specific triggers necessary to significantly alter eosinophil
counts. Eosinophils are typically mobilized and activated in
response to parasitic infections, allergic reactions, or specific
cytokines like interleukin-5 (IL-5) (Nagase et al., 2020). In
the context of MRI exposure, these specific triggers are likely
absent, leading to non-significant changes in eosinophil
levels. Table 6 shows the effect of MRI on eosinophil counts
in control and exposed groups of mice from the first to the
third week of exposure. Values were given as mean +SE.
Non-Significant at (p<0.001) level of probability.

Table 6: Effect of MRI on eosinophil counts (%) in control and exposed group of mice from the first to the third week

of exposure
Mice group Mean + S.E.M T-test (p-values)
First week
Control 1.500 +0.28
Exposed 1.250 £ 0.25 0.5370
Second week
Control 1.750 +0.25
Exposed 1.500 +0.28 0.5370
Third week
Control 1.500 +0.28
Exposed 1.500 +0.28 1.0000

A wide range of indicators are included in the hematological
parameters, such as packed cell volume, white blood cell
counts, red blood cell counts, and different biochemical
markers. These metrics are essential markers of general

health, and any disruptions in their equilibrium may point to
underlying physiological changes (Maulood, 2018). The
findings revealed that there were significant effects in the
hematological parameters exposed group of mice. In the first
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week of exposure PCV, Neutrophil, Lymphocytes and
Monocytes increased in the exposed group when compared to
the control group except WBC which decreased The obtained
result in this work negates Serwaan et al. (2023) that
investigated the effect of magnetic resonance on some blood
parameters of smoking addicts of all kinds, the findings
showed a statistically significant reduction in the
measurements of (smoke + shisha) exposed to the field at a
dose of (3 T) by (11%) for all blood parameters, with the
exception of white cells, which increased by 10.3%.

In the second week of exposure there was increase in the
WBC and Neutrophil of the exposed group when compared to
the control group and there was decrease in the PCV and
Lymphocytes of the exposed compared to the control group.
This result agrees with a study by Hani and Mohammed
(2018) highlighted the influence of exposure to different
applied magnetic fields on some haematological parameters
of mice. The WBC count of the exposed group was
significantly increased after exposure to magnetic fields, with
percentage differences of 50.86%. There was an increase in
the WBC, Lymphocytes and Monocytes of the exposed group
when compared to the control group in the third week of
exposure and there was a decrease in the PCV and Neutrophil
count of the exposed group. This result also revealed in
accordance with a study by Al-Qadi et al. (2023) reported that
the low-frequency static magnetic field had an impact on
certain blood parameters in cancer patients, particularly at low
intensities (0.1 T, 0.7 T). The number of red blood cells and
platelets significantly decreased (0.05<P), but the number of
white blood cells increased significantly for the same doses
administered.

CONCLUSION

In conclusion, results showed that MRI exposure can cause
notable changes in the hematological parameters of albino
mice. White blood cell counts and PCV significantly changed
after MRI exposure. The statistical analysis indicated a
significant impact of MRI on hematological health, revealing
substantial variations in parameters between the MRI-
exposed and control groups. One of the primary mechanisms
likely responsible for the hematological alterations is the
activation of the stress response, specifically the
hypothalamic-pituitary-adrenal ~ axis. The mice may
experience stress from the MRI setting, which includes noise
and confinement.  Also, strong magnetic fields and
radiofrequency (RF) pulses, which can interact with
biological tissues at the cellular and molecular levels, are used
in MRI the observed hematological changes may be a result
of these interactions. Thus, the hematological parameters of
albino mice are negatively impacted by MRI exposure. Only
albino mice were used in the research. Although mice are
frequently used as model organisms, their immune systems
and physiologies can differ greatly from those of other
species, including humans. To find out if the effects reported
are constant across multiple organisms, further study should
be done using different animal models, such as rats or even
non-human primates.
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