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Introduction

Cognitive decline is defined as an age-related decrease in cognition. It usually becomes manifest through slight alterations of mnesic functions such as executive functions [START_REF] Tomita | Detecting cognitive decline in community-dwelling older adults using simple cognitive and motor performance tests[END_REF]. These functions deteriorate physiologically along the aging process. Still, age refers to a length of time during which humans under enriched diet can accumulate multiple metabolic risk factors for cerebrovascular disease, possibly leading to precipitated cognitive impairment. Indeed, the presence of metabolic disturbances at midlife has been linked recently to mild cognitive impairment, increasing the risk of vascular pathologies and late-life dementia [START_REF] Cuspidi | Association of metabolic syndrome with carotid thickening and plaque in the general population: A meta-analysis[END_REF][START_REF] González | Midlife cardiovascular health and 20-year cognitive decline: Atherosclerosis Risk in Communities Study results[END_REF][START_REF] Otite | Increasing prevalence of vascular risk factors in patients with stroke: A call to action[END_REF]O. Pétrault et al., 2019;[START_REF] Whitmer | Midlife cardiovascular risk factors and risk of dementia in late life[END_REF]. Among the consequences of vascular pathologies, post-stroke cognitive impairment is now well documented, but the proper effect of microlesions such as cerebral microhemorrhages (CMHs) is still a subject of debate, since confounded with the expression of concomitant brain disease in the elderly population. The presence of CMHs has yet been associated with age-related cognitive decline in the general population [START_REF] Ding | Space and location of cerebral microbleeds, cognitive decline, and dementia in the community[END_REF] and is suggested to contribute to cognitive impairment in non-demented elderly individuals [START_REF] Paradise | The relationship of cerebral microbleeds to cognition and incident dementia in non-demented older individuals[END_REF]. However, the experimental induction of CMHs has been performed in young healthy mice only and was found silent at onset but able to promote slight cognitive alterations only a midlife time after (M. Pétrault et al., 2019). Given the vascular nature of CMHs, their higher incidence or extent relates to poor vascular health as a possible result of both aging and metabolic disturbances. Middle-aged adults with metabolic disturbances might thus be subjected to potentiated effects of CMHs on brain functions at onset, or in the long term through a precipitated cognitive decline with or apart from transformation into symptomatic intracerebral hemorrhage. To test this hypothesis, we have induced a disseminated pattern of CMHs in adult mice of two different ages and times of metabolic disturbances obtained after high-fat diet (HFD, 40% fat) as previously characterized (O. Pétrault et al., 2019). We examined spontaneous locomotion, working memory and visual recognition memory, as well as the extent of the CMH lesions.

Experimental procedures

Ethical aspects

All experiments were approved by the national Ethical Committee in Animal Experimentation (CEEA n°75, Comité d'Ethique en Experimentation Animale), from the French Ministry for Education and Research (agreement number: n°2016022510527156-V2) and were performed in strict compliance with the European Union Directive 2010/63/EU. Experiments were reported in accordance with the ARRIVE guidelines for reporting experiments involving animals.

Animals and diet

One hundred and twenty-four adult male C57Bl6/J mice aged 8 weeks at the beginning of the study (Janvier Labs, Le Genest Saint Isle, France) were housed in standard cages. At the start of the study, mice were randomly assigned to either a nutritionally complete, HFD consisting of 40% saturated fat, mostly from lard (HF231, Safe, Augy, France) or normal control diet (ND) consisting of 3 % fat (A04, Safe, Augy, France) throughout the experimental period. All animals had ad libitum access to food and water. There were no significant differences in body weight between groups before the experimental diets were given, as mice had been maintained on a regular chow diet.

Induction of microhemorrhages and time points

Cerebral microhemorrhages were induced by injecting Randomly methylated-β-Cyclodextrins (RAME-CD Sigma-Aldrich, Saint-Quentin Fallavier, France), as previously described (M. Pétrault et al., 2019). Mice were anesthetized with isoflurane (induction: 3%; maintenance: 2%) and body temperature was kept constant around 37°C. The carotid arteries were exposed through a midline cervical incision and the common carotid was ligated with a silk suture.

The RAME-CD solution (200 mg/ml) was injected in the common carotid via a 29G insulin syringe (0.3g/kg). Then, the suture was carefully removed and the mouse was placed under a red warm light to recover. A maximum pattern of around 20 CMHs per brain was observed at 7 days after injection, at both cortical and subcortical levels, and used for the present study.

Three

protocols were carried out in parallel:

1. The acute effect of CMHs on locomotion and cognition of mice under metabolic disorders was tested. A short-term protocol was designed for the induction of the CMH lesions in the brains of 14-month-old mice (after 12 months of diet) or 5-month-old mice (after 3 months of diet), when metabolic, vascular, and cognitive disturbances were, respectively, well established or just beginning; this was described previously (O. Pétrault et al., 2019) (Fig. 1A and 2A). Mice were randomly divided into 2 groups (n=12-15 per group of 14 month-old mice, and n=7-8 per group of 5 month-old mice), both injected with RAME-CD and fed with ND or HFD. After 7 days, before sacrifice, mice were kept for behavioral studies in order to check for the functional impact of CMHs. Two groups of mice (n=10 per group) were inserted as controls, i.e. devoid of RAME-CD injection but fed with ND or HFD.

2. The long-term effect of CMHs on locomotion and cognition of 5-month-old mice experiencing CMHs when under early metabolic disorders (after 3 months of diet) was tested.

A long-term protocol ensured the follow-up study of the effects of CMHs in the brains of mice on ND or HFD (Fig. 4A). Mice were randomly divided into 2 groups (n=10-12 per group) fed with ND or HFD. The CMH lesions were induced after 3 months of diet and behavioral tests were performed at 6-9-and 12-month time points. At the end, mice were sacrificed for histological purposes. Two groups of mice (n=10 per group) were inserted as controls, i.e. devoid of RAME-CD injection but fed with ND or HFD.

3. A metabolic characterization (weight, blood triglycerides and total cholesterol) of each mouse was performed at 3, 6, 9 and 12 months of diet, and visceral adipose tissue was weighted after sacrifice, at 3 and 12 months, as described in (O. Pétrault et al., 2019).

Behavioral assessments

Mice of each group underwent a battery of tests evaluating spontaneous locomotor activity, visual recognition memory and working memory. These tests were chosen according to the brain areas affected by CMHs, which are those of the Sylvian territory. They were performed every morning between 9 a.m. and 2 p.m. During experiments, the equipment was cleaned with 70% ethanol after each trial so that olfactory cues did not bias the results.

-Spontaneous locomotion Spontaneous locomotor activity was assessed in an open field test device, using an infrared actimeter (Bioseb, USA). The apparatus consisted of a square arena (45 x 45 cm) with a black polymethyl methacrylate floor and transparent 34-cm-high polymethyl methacrylate walls.

Mice were placed in the center of the arena, and were allowed to explore the arena freely for 10 min. Activity was recorded by two rows of infrared photocell sensors and processed with the Actitrack software (Bioseb). The total distance covered (in cm), the duration of inactivity (resting time, in seconds) and the mean speed (cm/sec) of each mouse were measured.

-Visual recognition memory

The novel object recognition (NOR) test is based on the tendency of mice to explore a novel object rather than a familiar one. Mice were habituated to a square arena (50 x 50 x 25 cm) for 10 minutes on the first day. On day 2, mice were exposed to the arena containing two identical objects. In a first phase ("sample phase"), on day 3, mice were presented two novel and identical objects for 15 minutes. Animals returned in their cages. After one hour, they were placed back in the testing arena for 5 minutes ("test phase"), but one of the familiar object had been previously replaced by a novel object. Performance of the mice was video recorded (Ethovision XT, Noldus, Wageningen, The Netherlands). Exploratory behavior was defined as the animal directing its nose toward the object at a distance below 2 cm. Any subject that failed to complete a minimum of 20 seconds of exploration during the sample phase was excluded from the analysis. A discrimination ratio (index) was calculated as the difference between the time spent for the exploration of the novel object minus the time spent for the exploration of the familiar object divided by the sum of both [START_REF] Antunes | The novel object recognition memory: neurobiology, test procedure, and its modifications[END_REF].

-Working memory

The spontaneous alternation test was performed using a Y-maze (made of white polyvinyl chloride) and a closed-circuit video camera (Ethovision XT, Noldus, Wageningen, The Netherlands). All three arms were of the same size (30 x 8 x 15 cm) and were oriented at an angle of 120° to each other. The Y-maze was placed in a room with no environmental cues.

Each mouse was placed at the end of one arm and was allowed to move freely between the maze's three arms for 8 minutes. A visit to an arm was scored when all four of the mouse's paws were within the arm area. The sequence of the arm visits was recorded and an alternation response was scored when the animal entered the least recently visited arm. The alternation score was calculated as the ratio between actual and possible alternations (defined as the total number of arm visits minus 2), multiplied by 100 [START_REF] Hidaka | Effects of Repeated Electroconvulsive Seizures on Spontaneous Alternation Behavior and Locomotor Activity in Rats[END_REF]. This calculation was performed only for mice making more than 20 arm visits.

Determination of the CMH lesions

At the end of the protocols, mice were killed with an overdose of pentobarbital (200 mg/kg, intraperitoneal). Brains were rapidly removed and placed in ice-cold isopentane solution, frozen and coronally dissected into 20 μm-thick slices on cryostat. Then, CMHs were counted blinded to treatment on each brain slice and characterized according to size as described previously (M. Pétrault et al., 2019). Briefly, CMHs that were evident to the eye aided by a 2x magnifying glass, and found in only 1 slice, were defined as type 1 CMHs. When evident to the naked eye and found again in the next slice, CMHs were defined as type 2. When larger and found again in more than 2 slices, CMHs were defined as type 3. A total hemorrhagic score was calculated as the sum of all CMHs found throughout the brain and considered as the CMH lesions extent. Mice with less than 10 CMHs were excluded from the study.

Statistical analysis

All values were expressed as mean ± standard error of the mean (SEM). Individual data points are superimposed on boxplots. For behavioral assessment, continuous variables were compared with a two-way ANOVA followed by a post-hoc Tukey's Multiple Comparison

Test if variance analysis was significant. For the CMH score, a Pearson's Chi-squared test was realized. In each case, a value of p<0.05 indicated statistical significance.

Results

Acute functional effect of CMHs in the brain of 14-month-old mice after a 12month diet

At 12 months of diet, mice on HFD endured metabolic disturbances with a significant increase in blood total cholesterol and visceral adipose tissue compared to ND-fed mice (Table A). Significant differences were found in the measured locomotor parameters only between HFD-fed mice with CMHs, compared with mice without CMHs fed with HFD or ND, including a decrease in the travelled distance (-39% vs ND mice, p=0.002; -31% vs HFD mice, p=0.02), an increased resting time (+92% vs ND mice, p=0.002; +68% vs HFD mice, p=0.005), and a decrease in the mean walking speed (-38% vs ND mice, p=0.004; +31% vs HFD mice, p=0.02, Fig. 1B). Concerning cognitive functions, the performances on spontaneous alternation test were not statistically different between all groups (p<0.05, Fig.

1C-left panel). On the NOR test, the onset of CMH in mice fed with the same diet did not change the performances significantly. A significant reduction was however found in HFDfed mice with CMHs compared with mice without CMHs and fed with ND (HFD + CMH -89% vs ND mice, p=0.014). A comparable drop in the performances was observed in HFDfed mice without CMHs compared with ND-fed mice with or without CMHs (HFD -106% vs ND mice, p=0.0015; HFD -107% vs ND + CMH mice, p=0.02; Fig. 1C-right panel).

Acute functional effect of CMHs in the brain of 5 month-old-mice after a 3month diet

At 3 months of diet, mice on HFD were metabolically disturbed, with a significant increase in weight, blood total cholesterol and visceral adipose tissue compared to ND-fed mice (Table A). Regarding spontaneous locomotor parameters, the travelled distance and the mean walking speed increased slightly but without reaching statistical significance in mice with CMHs compared with mice without CMHs (+17% and +18% respectively, p=0.06 for both, 

Acute CMH lesions in the brain of 14 month-old-mice after a 12-month diet

After 12 months of diet, visual CMHs were found in all areas of the Sylvian territory of the brains of all mice injected with RAME-CD (Fig. 3A). In ND-fed mice, a mean number of 20 CMHs (19.57 +/-0.91) per brain was observed at 7 days after injection. Microhemorrhages were mostly of small size (type 1). Medium-sized CMHs (type 2) were counted to a maximum of 4. In HFD-fed mice, a mean number of 25 (25.08 +/-1.39) CMHs per brain was counted, mostly of small size (type 1). Medium sized CMHs (type 2) reached a maximum of 5 in two brains, and two larger CMHs (type 3) were observed in one of these brains. The number of CMHs induced in HFD-fed mice was significantly higher than in ND-fed mice (p=0.01), without a significant modification of the typology of CMHs (p=0.39, Fig. 3B).

Acute CMH lesions in the brain of 5 month-old-mice after a 3-month diet

After 3 months of diet, visual CMHs were found in all areas of the Sylvian territory of the brains of all mice injected with RAME-CD (Fig. 3C). One mouse was excluded of the study with only 9 CMH. In ND-fed and HFD-fed mice, mean numbers of 17 (17.40 +/-0.92) and 19 (19.00 +/-0.21) CMHs per brain were observed at 7 days after injection. Microhemorrhages were mostly of small size (type 1). The majority of ND-fed mice had between 1 and 2 medium-sized CMHs (type 2), and the majority of HFD-fed mice had between 2 and 3 CMHs of this size. The type 3-CMH was not observed. Neither the number (p=0.64) nor typology of CMHs (p=0.82) was significantly different between ND-and HFD-fed mice (Fig. 3D).

The comparison between the observed CMH lesions at 5 or 14 months of age (3 and 12 months of diet respectively) did not show any difference in ND-fed mice (p=0.92), whereas there was a significant increase in the number of CMHs in HFD-fed mice after 12 months of diet compared with HFD-fed mice after 3 months of diet (p=0.02, Fig. 3E-left panel).

However, no significant difference was observed in the typology of CMHs, whatever the group tested (p=0.90 and 0.53 respectively, Fig. 3E-right panel).

Long-term functional effect of CMHs

Throughout the year following the onset of CMHs, the spontaneous locomotor parameters of mice (Fig. 4B) did not change significantly in regard to the travelled distance, the resting time or the mean walking speed. Regarding cognitive functions, the performances on the spontaneous alternance test did not change with time for all groups of mice (Fig. 4C 

Progression of the CMH lesions

The mortality observed during the 12-month period did not differ significantly among groups with CMHs, and no hematoma was found in the brain of prematurely died animals, even if the microhemorrhagic score obtained in some of dead mice was high (Fig. S1). The CMHs were induced 3 months after the start of diet, when mice were 5 months old. The CMH count and profile of the survivors was determined 9 months after RAME-CD injection, when mice were eventually 14 months old. (Fig. 5A). In ND-fed and HFD-fed mice, mean numbers of 20 (19.57 +/-0.89) and 22 (22.00 +/-1.67) CMHs per brain were observed. Microhemorrhages were mostly of small size (type 1). One to three medium-sized CMHs (type 2) were found in the brains of ND-fed mice, and two to five in the brains of HFD-fed mice. One type 3 CMH was observed in each group. The number of visual CMH events increased slightly upon HFD, but was not significant (p=0.17). Likewise, HFD did not modify the typology of CMHs despite a slight increase in the proportion of type 2 CMHs (p=0.68, Fig. 5B). The comparison of the numbers of CMHs (Fig. 5C-left panel) and their typology (Fig. 5C-right panel) between onset (i.e. 7 days and 9 months after RAME-CD injection) did not show any significant difference (p>0.05).

Discussion

The main finding of our study discloses that induced CMHs lesions have differential impact on locomotor and cognitive functions with age and diet, and do not precipitate cognitive decline at midlife.

We first aimed at determining the acute effects of CMHs on midlife (14-month-year old) mice after a 12-month ND or HFD, because the prevalence of the associated metabolic disturbances remains high in middle-aged humans, around 35% of the general population [START_REF] Aguilar | Prevalence of the Metabolic Syndrome in the United States, 2003-2012[END_REF][START_REF] Bhosale | A case control study of clinical and biochemical parameters of metabolic syndrome with special attention among young and middle aged population[END_REF]. In our model, a 40% HFD induced a progressive increase in weight, blood lipid profile and visceral adipose tissue (Table A). Despite being incompletely explored, these disturbances can be considered metabolic in nature, becoming significant from 3 months of diet as already reported (O. Pétrault et al., 2019). We define the severity of the induced microhemorrhagic lesions both by the total number of CMHs, reflecting the number of microvascular events, and by the profile (typology) reflecting the extend of blood effusion (M. Pétrault et al., 2019). The increase observed in the number of induced CMHs in midlife mice on HFD compared with mice of the same age on ND suggests the establishment of an enhanced microvascular sensitivity to a mechanical erosion process with HFD. Indeed in our method, RAME-CD induce bleeding through the erosion of the endothelial luminal membrane (M. Pétrault et al., 2019). A greater endothelial sensitivity to blood shear stress can be hypothesized since reported upon various cardiovascular risk factors, although this has to be clarified at the brain microvessels [START_REF] Borshchev | Pathogenetic pathways of cognitive dysfunction and dementia in metabolic syndrome[END_REF][START_REF] Granger | Microvascular responses to cardiovascular risk factors[END_REF][START_REF] Lubrano | Roles of LOX-1 in microvascular dysfunction[END_REF]. This microvascular fragility does not seem to be of critical extent as in structurally diseased vessels, because neither spontaneous lesion nor remodeled vascular wall has been observed in our mice, supporting by our histology investigations (Fig. S2). We rather consider a disturbance of the vascular endothelial cell metabolism and function, as found in the literature and in our previous study [START_REF] Li | Early effects of high-fat diet on neurovascular function and focal ischemic brain injury[END_REF][START_REF] Medeiros | Arginine and aerobic training prevent endothelial and metabolic alterations in rats at high risk for the development of the metabolic syndrome[END_REF]O. Pétrault et al., 2019). This change in the lesions when mice are on HFD was accompanied by a potentiated impairment of the spontaneous locomotion, found not significant in mice on ND.

This impairment was reflected by a decreased travelled distance and mean walking speed, associated with an increased resting time. Therefore, in our conditions, middle age alone was not enough to render CMHs symptomatic. Only one year of metabolic disturbances seem to facilitate the emergence of acute locomotor symptoms when CMHs occur. Of course, whether such symptoms would be of enough magnitude to lead to a neurologic complaint in humans is far from evidenced. Conversely, the induction of CMHs neither altered the working memory nor the visual recognition memory in both diet conditions. The impairment of the visual recognition memory already induced by one year of HFD was not aggravated either. Whether CMHs induced at midlife could have consequences on mice along the second half of their life span needs further and quite delicate investigations. Other cognitive disturbances could be detected using more sensitive behavioral tests, as Barnes maze. In spite of the reported visual recognition memory impairment in patients in the early course of mild cognitive impairment [START_REF] Barbeau | Evaluation of visual recognition memory in MCI patients[END_REF], an extrapolation to humans needs caution and further studies.

The onset of CMHs in young adult (5-month-old) mice after 3 months of HFD, induced similar microhemorrhagic lesions to that of the ND mice, but remained less numerous than the ones observed in HFD mice experiencing acute CMHs at midlife. This confirms that a long time of metabolic disturbances may represent a higher risk of extended CMH number. The CMHs seem to have a slight stimulant effect, in both groups, reflected by a significant decrease in the resting time. This result is consistent with another study carried out in female mice under HFD in which a temporary increase in the locomotor activity was observed and interpreted as an increased anxiety [START_REF] Krishna | Time-dependent behavioral, neurochemical, and metabolic dysregulation in female C57BL/6 mice caused by chronic high-fat diet intake[END_REF]. This trouble caused by CMHs was concomitant with an altered visual recognition memory. At this diet duration, we had previously demonstrated that HFD reflects the start of metabolic disturbances and does not alter the brain functions tested here (O. Pétrault et al., 2019). This enabled us in the present study to observe the proper detrimental action of CMHs on cognition. Surprisingly, the acute effect of CMHs on cognition was independent on the diet and even statistically significant only in the ND condition. Since our previous work on younger mice (2 months) revealed completely silent CMHs at onset (M. Pétrault et al., 2019), the age of the present mice (5months-old) might have been a more potent risk factor of CMHs symptomatology in the acute phase than the start of the metabolic disturbances. This is also surprising since CMHs exerted no effect in our 14-month-old mice on ND. An earlier life period can be more vulnerable to deleterious stimuli affecting mnesic functions, as reported for HFD itself in some experimental situations [START_REF] Boitard | Juvenile, but not adult exposure to high-fat diet impairs relational memory and hippocampal neurogenesis in mice[END_REF]. These acute symptoms might also be explained by our method which induces a consistent average pattern of 20 CMHs in seven days. We thus investigated whether these acute effects are transient or evolving in time.

Recently, CMHs have shown long-term effects on cognition [START_REF] Bergeron | Role of cortical microbleeds in cognitive impairment: In vivo behavioral and imaging characterization of a novel murine model[END_REF]M. Pétrault et al., 2019). In our study, 5-month-old mice that had been fed for 3 months with ND or HFD, were induced CMHs and kept for a prolonged diet during 9 months after CMHs onset, so up to midlife (14 months of age). A prolonged HFD did not significantly influence the development of new CMHs possibly resulting from a rebleeding of previous CMHs or new onset CMHs, although the apparition of a type 3 CMHs was observed in each group at 14 months of age compared with the acute CMHs profiles at 5 months of age. However, the comparisons between CMH scores must be considered with caution since from different mice groups. Such a stability observed in the bleedings overtime differs from the large intracerebral hemorrhage situation, where the presence of metabolic disturbances increases the risk of onset and severity [START_REF] Guo | Hyperglycemia and Mortality Risk in Patients with Primary Intracerebral Hemorrhage: A Meta-Analysis[END_REF][START_REF] Park | The relationship between metabolic syndrome (MetS) and spontaneous intracerebral hemorrhage (ICH)[END_REF], in link with elevated blood pressure, also reported in a microbleeding context recently [START_REF] Mitaki | Metabolic syndrome is associated with incidence of deep cerebral microbleeds[END_REF][START_REF] Toth | Aging exacerbates hypertensioninduced cerebral microhemorrhages in mice: role of resveratrol treatment in vasoprotection[END_REF]. Although blood pressure was not measured here, we may speculate that our HFD conditions authenticating imbalanced lipid metabolism (Table A) did not have a sufficient effect on microvessel wall remodeling or on local hemostasis to aggravate the CMHs in number or extent. Hence, metabolic disturbances are rather considered as prothrombotic, in particular since hyperplasia and hypertrophy of adipocytes may lead to the overexpression of adipocytokines and plasmatic PAI-1 [START_REF] Mccracken | Pathophysiology of the metabolic syndrome[END_REF], thus limiting the activity of tissue-type plasminogen activator (tPA) and the extension of the bleeding. The alteration of the spontaneous locomotion induced by CMHs at 5 months of age was not found further, confirming its transient nature. The working memory was not impaired. The visual recognition memory was significantly impacted by the presence of CMHs or HFD only from 11 months of age (9 months of diet) as previously described (M. Pétrault et al., 2019;O. Pétrault et al., 2019). Mice combining HFD and CMHs were functionally impaired with the same kinetic, suggesting no synergistic effect, therefore the same underlying pathophysiological mechanism. Otherwise, one might have expected a deficit in the visual recognition memory at earlier time points, i.e. 8 or 11 months of age. As our mice did not show a progression of CMH lesions towards larger hemorrhages, the onset of such a 20-CMH burden in average does not seem to behave like a stroke which is a major cause of dementia.

Nevertheless, whether the precipitation of cognitive decline relies on the increase in the microlesions number or extent is still under question. Yet in humans, only the accumulation of CMHs above 2% per year [START_REF] Poels | Incidence of Cerebral Microbleeds in the General Population: The Rotterdam Scan Study[END_REF] evokes a potential progression towards cognitive decline, underlying a cerebrovascular or neurodegenerative disease. The potential mechanisms leading to functional impairment may include an alteration of the neurovascular coupling, targeting either the vascular endothelial cells or the smooth muscle cells, leading to an interruption in the retrograde propagation of neurovascular coupling [START_REF] Iadecola | The Neurovascular Unit Coming of Age: A Journey through Neurovascular Coupling in Health and Disease[END_REF]. As our method and conditions target the endothelium, CMHs or metabolic disorders could therefore interfere with this spread and thus limit vascular responses which could impact the cognitive performance in the long term [START_REF] Iadecola | The Neurovascular Unit Coming of Age: A Journey through Neurovascular Coupling in Health and Disease[END_REF][START_REF] Mogi | Neurovascular Coupling in Cognitive Impairment Associated With Diabetes Mellitus[END_REF].

Neuroinflammation can also be implied in both stresses, as CMHs [START_REF] Ahn | Diverse Inflammatory Response After Cerebral Microbleeds Includes Coordinated Microglial Migration and Proliferation[END_REF] and metabolic disorders are known to induce inflammation via the activation of astrocytes and microglia and the release of cytokines [START_REF] Van Dijk | Integrative neurobiology of metabolic diseases, neuroinflammation, and neurodegeneration[END_REF][START_REF] Van Dyken | Impact of Metabolic Syndrome on Neuroinflammation and the Blood-Brain Barrier[END_REF].

More work including a diet or pharmacological modulation might help determine the mechanisms involved. But before that, technically challenging investigations on the very long-term consequences of early or midlife CMHs onset are needed to define their role on late-life dementia in link with metabolic disturbances. Indeed, very long-term experiments including mice with lesioned brains often result in a high spontaneous mortality rate [START_REF] Selim | (HEADS) Roundtable Participants[END_REF].

Taken together, our results suggest that contrary to hemorrhagic stroke, the onset of CMHs in the young adult stage can be slightly and transiently symptomatic but neither evolves towards larger lesions nor a precipitated impairment of the visual recognition memory after a prolonged HFD up to midlife. However, the onset of CMHs at midlife induces significant locomotor symptoms only under HFD. Research on the consequences of CMHs should consider that even within the midlife range, age plus duration of diet-induced metabolic disturbances enhance the outcome of CMHs.
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  Fig.2B). The resting time was yet significantly reduced by CMH onset in both ND-(-53% vs HFD mice, p=0.03) and HFD-fed mice (-50% vs HFD, p=0.03). Regarding cognitive functions, the performances on the spontaneous alternance test did not change among groups (p<0.05, Fig.2C-left panel). However, a significant reduction in the performances on the NOR test was observed in mice with CMHs and fed with ND (-44% vs ND mice, p=0.006) or HFD (-40% vs ND mice, p=0.015) compared with mice without CMHs and fed with ND (Fig.2C-right panel).

  , left panel). The performances on the NOR test of ND-fed mice without CMHs was preserved during the whole protocol, with a stable discrimination NOR index (Fig.4C, right panel). The induction of CMHs in ND-fed mice reduced these performances from 11 months of age until significance at 14 months of age (-69% vs ND mice, p=0.05). The NOR index of HFD-fed mice decreased progressively until 14 months of age (12 months of diet) and became significantly different from ND-fed mice from 11 months of age (9 months of diet, -80% vs ND mice, p=0.03). The presence of CMHs in HFD-mice did not precipitate the onset of the decrease of NOR index compared with HFD-mice without CMH. The deficit of visual recognition memory is similar in both HFD groups with a score index significantly reduced in comparison to ND-fed mice without CMHs (-113 % vs ND mice, p=0.001).
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 1 Figure captions

Figure 2 :

 2 Figure 2: Acute effects of cerebral microhemorrhages on locomotor and cognitive functions of 5 month-old mouse (3 months of diet). A. Short-term test protocol for the acute effects of the CMH lesions induced at 5 month-old (after 3 months of diet, n=7-8 per group). B. Spontaneous locomotor behavior of mice. No significant differences were observed in the travelled distance (left, in cm) and mean walking speed (on the right, in cm/s) between groups. A significant decrease in the resting time (in second) was observed among mice with CMHs (ND+CMH and HFD+CMH). C. Working memory (spontaneous alternation index) and visual recognition memory (novel object recognition index) were examined through the spontaneous alternation test and the novel object recognition (NOR) test respectively. No difference was found in the performance on the spontaneous alternation test between groups. A significant difference was found in the performance on the NOR test in mice with CMHs (ND+CMHs and HFD+CMHs) compared to ND mice. Date are shown as mean ± sem, individual data points are superimposed on boxplots. Statistical analysis was performed using a two-way ANOVA followed by a Tukey's post-hoc test. *p < 0.05, **p<0.01. ND: Normal Diet. ND+CMH: Normal Diet with CMHs. HFD: High-Fat Diet. HFD+CMH: High-Fat Diet with CMHs.

Figure 3 :

 3 Figure 3: Acute microbleedings of 14 month-old mice (12 months of diet) and 5 month-old mice (3 months of diet). A. Representative view of cerebral microhemorrhages (CMHs) in

Figure 4 :

 4 Figure 4: Long-term effects of cerebral microhemorrhages on mouse locomotor and cognitive functions. A. Long-term test protocol for the follow-up of the effects of early CMHs in the brain of mice after 12 months of diet (n=10-12 per group). B. Spontaneous locomotor behavior, reflected by the travelled distance (in cm), the resting time (in second) and the mean walking speed (in cm/s). No significant difference was observed between groups. C. Working memory (spontaneous alternation index) and visual recognition memory (novel object recognition index) were examined through the spontaneous alternation test and the novel object recognition (NOR) test respectively. No difference was found in the performance on spontaneous alternation test between groups. Several mice were excluded of the test according to the exclusion criteria (n=1-2 per group and time). Visual recognition memory of ND-fed mice was preserved during the protocol, as given by the stable discrimination NOR index. The induction of CMHs in ND-fed mice reduced these performances until significance from 14 months of age (12 months of diet). The NOR index of HFD-fed mice decreased progressively until 14 months of age and became significantly different from ND-fed mice after 11 months of age (9 months of diet). The presence of CMHs in HFD-fed mice resulted in a significantly reduced NOR index at 11 months of age compared with ND control group. Several mice were excluded of the test according to the exclusion criteria (n=1-2 per group and time). Date are shown as mean ± sem, individual data points are superimposed on boxplots. Statistical analysis was performed using a two-way ANOVA followed by a Tukey's post-hoc test. *p < 0.05, **p<0.01, ***p<0.001. ND: Normal Diet. ND+CMH: Normal Diet with CMHs. HFD: High-Fat Diet. HFD+CMH: High-Fat Diet with CMHs.

Figure 5 :

 5 Figure 5: Cerebral microhemorrhage profiles of 14 months-old mice on prolonged diet, 9 months after onset. A. Representative view of cerebral microhemorrhages (CMHs) in 14

  Mosaic plot of CMHs in each group. These CMH profiles were not different between both groups according to Pearson's Chi-squared test (p=0.82). E. Time comparison of acute microbleedings at 5 month-old (3 months of diet) or 14 month-old (12 months of diet). The mean numbers of CMHs were not significantly different between both ND-fed mice groups (p=0.92), but significantly increased in HFD-fed mice at 14 months of age (after 12

	months of diet) compared with 5 months of age (after 3 months of diet) according to two-way
	ANOVA followed by a Tukey's post-hoc test (p=0.02). The CMH profiles were not different
	among ND-fed mice (p=0.90) and HFD-fed mice (p=0.53) according to the Pearson's Chi-
	squared test. Date are shown as mean ± sem, individual data points are superimposed on
	boxplots. ND: Normal Diet. HFD: High-Fat Diet.
	mice after 12 months of normal diet (ND) or high-fat diet (HFD), and the dot plots of CMHs
	for each mouse (n=12-15 per group). B. Mean number of CMHs at onset after 12 months of
	diet. A significant increase was found in HFD-fed mice compared with ND-fed mice (Student
	test, p=0.01). Mosaic plot of CMHs in each group. The ratio refers to the percentage of each
	type of microhemorrhage among all the observed CMHs. These CMH profiles were not
	different between both groups according to Pearson's Chi-squared test (p=0.39). C.
	Representative view of CMHs in mice at 5 months of age, after 3 months of ND or HFD, and

). A. Representative view of cerebral microhemorrhages (CMHs) in the dot plots of the CMHs for each mouse (n=6-7 per group). D. Mean number of CMHs at onset after 3 months of diet. No significant difference was obtained between groups (Student test, p=0.64).