
Figure 1. Phenotype of 48 hpf zebrafish. A: Left inner ear of a normal larva. 2 otoliths can 
be clearly identified (white arrows). B: Left inner ear of a larva exposed to a 14T MF from 
24 hpf to 36 hpf, showing one single otolith (white arrow). 
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Target audience. Our results may be relevant for scientists and radiologists using MRI as a tool for in vivo scanning. Here we described the biological impact of the 
high magnetic field (MF) provided by an MR scanner.  
Purpose. How high MFs can affect normal biological processes remains ambiguous and sometimes neglected. Despite a diamagnetic feature dominating the animal or 
human body, some unintended biological interferences at the microscopic level in certain organs may occur under strong MFs1. In the animal migration domain, 
extensive work has been dedicated to clarify how different species can detect and respond to earth MFs. While some of the studies point to specific organs or tissues 
(the presence of magnetite in the beak of pigeons or the olfactory epithelium of trouts, for example), in most of the cases the biological mechanism of magneto-
reception remains elusive2. In humans, it is worth noting that, in some instances, MRI has been reported to produce a temporary vertigo and vestibular dependent ocular 
nystagmus3. This and other informs1 suggest that the vestibular system may be a coherent target to investigate the action of strong MFs. Here we used zebrafish (Danio 
rerio), a genetically tractable model vertebrate4, 5, 6 to understand the disregarded role that MFs inherent to MR scanners may play in biological processes such as inner 
ear formation. In this project we aimed to characterize the potential MF strength-dependent effects on the developmental process of 12 hours post-fertilization (hpf) to 5 
days old zebrafish larval otolith organs. Otoliths are crystalline structures of CaCO3 located in pairs inside the inner ear of teleost fish, responsible for hearing and 
balance maintenance, and they form as an aggregation of particles at both poles of the otic capsule between 18 and 24hpf. 
Methods. Zebrafish of the Tübingen strain were used as wild-type and reared at 28.5°C as described7. In our first experiments, fertilized zebrafish embryos were 
transferred in Petri dishes with Embryonic medium 3 (E3) during 10-72 hpf to the horizontal bore of a 14T magnet (Agilent) with a Bruker Biospin AVIII console 
system. These zebrafish embryos were maintained under the influence of the MF for an exposure time ranging from 12 to 62 hours at controlled temperature. After 
exposure, embryos were either transferred to an incubator for future visualization or processed for immunohistochemistry. Subsequent experiments took place in older 
larvae (2 to 5 days post-fertilization (dpf)) which were kept in the magnet for shorter exposure times (2-6 hours). To test the influence of larval movement during 
exposure to the MF, in a few experiments dechorionated embryos were immobilized in 0.5% low melting agarose. For visualization, embryos/larvae were anesthetized 

with 0.04% MS-222 (Tricaine-S), then visualized under optical microscope and 
returned to clean E3 medium dishes. For swimming assessment, 5 dpf larvae were 
placed in E2 medium-containing Petri dishes and tracked for 2 minutes using 
Ethovision for evaluation of the balance and movement in both, experimental and 
sham groups. For immuno-histochemistry, 24 hpf to 48 hpf embryos were first 
dechorionated by adding Pronase to the E3 solution containing the embryos. 
Dechorionated larvae were then culled using MS-222 and fixed in 4% PFA/PBS for 
48 hours. Samples were assessed for inner ear tissue alteration by labeling hair cells 
with anti-acetylated tubulin antibody and fluorophore-coupled phalloidin. 
 

Results. Wild-type larvae exhibit two otoliths in each ear (Fig. 1A). Embryos 
exposed to a 14T MF became inner ear impaired, showing a specific phenotype 
characterized by fused otoliths that could become into a single one, easily 
visualized under optical microscope (Fig. 1B). This anatomical change was 
accompanied by an aberrant swimming behavior (decrease in the swimming 
activity, circling motion and failure to balance properly while standing). MF 
strength dependency was confirmed, as the prevalence of anatomically abnormal 
larvae (1 otolith instead of the 2 under normal conditions) was higher in dishes 
kept under higher MF intensities (Fig. 2). In our experiments, the most susceptible 
period for inner ear impairment in zebrafish as a consequence of high MF 
exposure ranges from 24 hpf to at least 3 dpf. More interestingly, 2 hours of 
exposure were also confirmed to be sufficient to induce otolith fusion. Preliminary 
data indicates that this MF-induced otolith fusion (especially in short MF 
exposures) occurs reliably in the freely swimming larvae, but may be hindered or 
largely delayed in the larvae that were immobilized during the exposure. This 
observation is intriguing and will be verified with a bigger number of samples.  
Discussion. Our first experiments involved more than 48 hours of exposure 
starting at 10 hpf. Inner ear images taken before and after this period of time 
implied that only one of the two otoliths developed under high MF conditions. 
Further experiments allowed us to notice that the 2 otoliths can potentially be 
formed, and that even wild-type larvae presenting 2 otoliths at 24 hpf could 
develop this phenotype after later exposure to a strong MF (Fig. 3). The effects 
described here match the single otolith phenotype that characterizes some 
zebrafish mutants with impaired balance function8. Our work can also be 
supported by previous reports showing changes in the swimming behavior of adult 
zebrafish while exposed to high MFs4. Quite apart from the altered phenotype arising in the exposed larvae, here we validate an attractive biological target able, 
somehow, to sense and respond in a short time to the high MF. This finding could be very relevant for MRI characterization from the biological view. 
Conclusion. This work described the anatomical and behavioral effect of high MF exposures on a small vertebrate. There is a possibility that the effect observed in 
zebrafish inner ear as a consequence of high MF exposure is related, at a certain extent, to recent allegations of vertigo and nystagmus experienced by human patients 
undergoing MRI. Future studies are intended to clarify the specific mechanism underlying otolithic fusion induced by high MFs and explore the potential biological 
interference on hair cells alignment in the sensory patches of the ear and neural processes projected towards the brain related to maintain the balancing and locomotor 
activity of zebrafish larvae. Meanwhile, this work may provide a way to search for the “biological sensor” for MFs in the zebrafish model with efficient mutagenesis 
screening approach.  
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Figure 3. Sequence of images, taken from the same larva, showing how the 2 otoliths in 
the otic capsule come together and fuse into a single one. Exposure started at 24 hpf and 
lasted until 36 hpf. The last image (48 hpf) proves that the fusion remains after the 
exposure time (as far as we can tell, this fusion lasts until, at least, 7 dpf). 

Figure 2. Percentage of inner ear impaired larvae (Y axis) as a function of MF intensity (X 
axis). Inner ear impairment was considered as positive in those larvae lacking one otolith or 
showing fused otoliths in one or both ears. 
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