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Jéréme Badaut, CNRS Research Director at the Chizé Center for Biological Studies (CEBC), co-advisor.

Scientific context and hypothesis:

The mammalian brain is the organ with the highest basal energy demand. It is therefore extremely vulnerable 1)
to sudden interruptions in the blood’s oxygen supply, which can cause neuronal death within minutes with
devastating consequences, or 2) to chronic cerebral hypoperfusion or hypoxia (oxygen deprivation), which lead
to neurodegeneration and cognitive decline (vascular dementias, etc.).

In this context, IMFT has recently shown that the intrinsic heterogeneity of the cerebral microvascular system,
and of the associated blood flow and transport processes, causes the emergence of microregions with low
oxygen levels in brain tissue, primarily located in subcortical areas, even when perfusion is normal [1]. The
greater this heterogeneity, the less the vascular system can withstand additional stress (e.g., capillary occlusions,
vascular rarefaction, and/or hypoperfusion, which are typically observed in aging and many pathologies).

This finding suggests that, under stress, the microvascular system may activate compensatory mechanisms (e.g.,
short-term vasoreactivity and/or chronic remodeling of cerebral vessels) that allow it to reduce this
heterogeneity.

To explore this hypothesis, we will use a marine mammal model that has developed exceptional evolutionary
capabilities for resistance to hypoxia: the southern elephant seals (EM), Mirounga leonina, which dive to depths
of 400 to 1,000 m for durations ranging from 30 minutes to 2 hours (vs. the common seal (PC), Phoca vitulina,
20 m, 10 to 20 minutes) [2,3], whose cerebrovascular system the CEBC has begun to study under natural
conditions (field campaigns in Kerguelen), revealing an increase in the density and tortuosity of cerebral
capillaries with age, linked to a shift in lifestyle: terrestrial (juveniles) to marine (adults) [3]. We therefore
hypothesize that this phenotypic change in cerebral vessels is sufficient to reduce the intrinsic heterogeneity of
blood flow and microvascular transport processes, thereby enabling the maintenance of neuronal oxygenation
during phases of diving-associated hypoxia.

Objectives:

The first objective is therefore to quantitatively explore the variability in the architectural properties of
microvascular networks across brain regions (cortex, cerebellum, and hypothalamus) and over the course of a
lifetime in EM and PC, as well as the correlations between this variability and the level of exposure to hypoxia. In
fact, the EM lives on land for up to 8 weeks after birth, and then goes on to make a series of dives (averaging
30 minutes), with severe arterial hypoxia in experienced adults at the end of a dive (PAO; ~3 mmHg), which still
maintain their cognitive functions.

The second objective is to use theoretical and numerical modeling approaches of microvascular blood flow and
oxygen transport to study the impact of this variability on the heterogeneity of blood flow and transport. If the
above hypothesis is valid, we can indeed expect: 1) an initial phase during which morphological and topological
changes in the vascular system would lead to a decrease in this heterogeneity during development in EM, much
more markedly than in PC; and 2) by analogy with clinical knowledge in humans [4], beyond a certain level of
accumulated stress, a collapse of these adaptive capacities, leading to premature aging, which may explain the
particularly short life expectancy of EM (15 years on average) compared to PC (30-40 years on average).

Methodology:

The necessary EM tissues, which have already been collected, are housed at the CEBC (26 brains, 20 from
juveniles and 6 from adults) and include various regions (neocortex, cerebellum, hypothalamus, and
hippocampus). The CEBC will have access to brains from juvenile and adult PC via PELAGIS (CNRS-UAR3462, La
Rochelle). The tissues will be cleared, and the blood vessels will be visualized using immunolabeling to enable
imaging of the entire vasculature via light-sheet microscopy (Bordeaux Imaging Center), in 10 mm? volumes for
the various brain regions (EM and PC, young and adults). Concurrently, the functionality of the neurovascular
unit in relation to brain aging will be studied using histology.



The IMFT has expertise in tools for the architectural analysis of microvascular networks based on imaging data
(e.g., [5,6]) and has developed the multiscale simulation approaches necessary for studying the coupled
transport/reaction phenomena for oxygen in blood and brain tissue [7,8,9]. Data from the CEBC will enable the
use of these tools to gain a better understanding of the underlying mechanisms.

Impact:

This work will shed entirely new light on the mechanisms of adaptation to hypoxia throughout the lifespan and
from an evolutionary perspective. In particular, it will help us understand the interactions between vasoreactivity
(how to rapidly improve oxygenation by adjusting only the vascular diameters for a given morphology) and
remodeling (how architectural changes in the vascular network over the course of a lifetime influence
oxygenation).

Research Context:

This thesis project is part of a collaboration between two teams developing complementary approaches. The
“Porous and Biological Media” group at the Toulouse Institute of Fluid Mechanics is a pioneer in multiscale
modeling of cerebral blood microcirculation and its role in neurodegenerative diseases. The Chizé Center for
Biological Studies possesses world-class expertise in the adaptation of marine mammals to environmental
stressors (ecophysiology), particularly thanks to its privileged access to the Dumont-d’Urville Antarctic station.
The position will be based for 18 months at the CEBC (Chizé) and then for 18 months at the IMFT (Toulouse), with
regular assignments between the two laboratories.

Candidate Profile:

Strong background in Fluid Mechanics or Physics. Demonstrated motivation to work at the interface with life
sciences. Experience in biophysics, biomechanics, biomedical engineering, and/or imaging/image processing is
welcome. A Master’s degree (M2R) in Fluid Mechanics or related disciplines is required, as well as fluency in
English.

Administrative aspects:

The employer is the National Center for Scientific Research (CNRS, www.cnrs.fr), Europe’s leading organization
for basic research. The doctoral school of affiliation is Mécanique Energétique Génie des Procédés (MEGEP) in
Toulouse. Funding has been secured for 3 years, with a start date scheduled for fall 2026.

References:

[1] Goirand et al. (2021). Network-Driven Anomalous Transport Is a Fundamental Component of Brain
Microvascular Dysfunction. Nat Commun, 12, 7295.

[2] Piot et al. (2023) Diving behaviour of southern elephant seals: new models of behavioural and
ecophysiological adjustments of oxygen store management. J. Exp. Bio., 226, jeb245157.

[3] Thése E. Piot (2024) MNHN, https://theses.hal.science/tel-05014074/.

[4] Jespersen & @stergaard (2012). The roles of cerebral blood flow, capillary transit time heterogeneity, and
oxygen tension in brain oxygenation and metabolism. J. Cerebral Blood Flow Metab. 32, 264-277.

[5] Smith et al. (2019) Brain capillary networks across species: a few simple organizational requirements are
sufficient to reproduce both structure and function. Front. Physiol, 10, 233.

[6] Giraud et al. (2025). CAA-related enlarged perivascular spaces are associated with abnormal
angioarchitecture in human brain tissue: A key role for white matter atrophy? J. Cerebral Blood Flow Metab.,
0271678X251369256.

[7] Cruz Hernandez et al. (2019) Neutrophil adhesion in brain capillaries reduces cortical blood flow and impairs
memory function in Alzheimer’s disease mouse models. Nature Neuro 22: 413-420., 413-420.

[8] Berg et al. (2020). Modelling solute transport in the brain microcirculation: is it really well mixed inside the
blood vessels? J. Fluid Mech. 884, A39.

[9] Pastor-Alonso et al. (2024). Modeling oxygen transport in the brain: An efficient coarse-grid approach to
capture perivascular gradients in the parenchyma. PLoS Comput Biol 20, €1011973.

To apply, please submit your application , including your resume, copies of your transcripts, a document summarizing your
motivations and career goals, as well as the names and email addresses of two references, via the CNRS job portal
(https://emploi.cnrs.fr/Offres/Doctorant/UMR5502-SYLLOR-014/Default.aspx) Incomplete applications will not be considered.
For any inquiries, please contact us by email (sylvie.lorthois@imft.fr and jerome.badaut@cebc.cnrs.fr), attaching the same
documents and including the reference [PhD_Brain_Adaptation] in the subject line of your message.



https://theses.hal.science/tel-05014074/

