Christophe J Dubois 
email: christophe.dubois@u-bordeaux.fr
  
Olivier Pierrefiche 
  
  
  
  
Perinatal exposure to ethanol in rats induces permanent disturbances of breathing and chemosensitivity during adulthood
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Introduction

Consumption of drugs of abuse during pregnancy is associated with a greater incidence of unexplained Sudden Infant Death Syndrome (SIDS) [START_REF] Ward | Sudden infant death syndrome in infants of substance-abusing mothers[END_REF]. In particular, maternal alcohol (ethanol) consumption during pregnancy has been correlated with a higher risk of SIDS [START_REF] Klug | A comparison of the effects of parental risk markers on pre-and perinatal variables in multiple patient cohorts with fetal alcohol syndrome, autism, Tourette syndrome, and sudden infant death syndrome: an enviromic analysis[END_REF][START_REF] O'leary | Maternal alcohol use and sudden infant death syndrome and infant mortality excluding SIDS[END_REF]. However, because of the association of ethanol consumption with consumption of other addictive drugs including nicotine through cigarette smoking, the correlation between ethanol exposure during pregnancy and the occurrence of SIDS remains difficult to establish [START_REF] Kandall | Maternal substance use and subsequent sudden infant death syndrome (SIDS) in offspring[END_REF][START_REF] Lester | The maternal lifestyle study: effects of substance exposure during pregnancy on neurodevelopmental outcome in 1-month-old infants[END_REF].

In order to investigate whether exposure to ethanol during brain development could impinge the respiratory function, our lab developed an animal model of chronic perinatal ethanol exposure (CPEE) that consisted in ethanol exposure of rats throughout the gestation and lactation periods [START_REF] Dubois | Early chronic ethanol exposure in rats disturbs respiratory network activity and increases sensitivity to ethanol[END_REF][START_REF] Naassila | Effect of prenatal and postnatal ethanol exposure on the developmental profile of mRNAs encoding NMDA receptor subunits in rat hippocampus[END_REF]. With this model we have shown that, in vivo CPEE rats exhibited a strong slowdown of breathing activity from early postnatal days [START_REF] Kervern | Perinatal alcohol exposure in rat induces long-term depression of respiration after episodic hypoxia[END_REF] to the juvenile state, just before weaning and thus before ethanol withdrawal [START_REF] Dubois | Early chronic ethanol exposure in rats disturbs respiratory network activity and increases sensitivity to ethanol[END_REF][START_REF] Dubois | Blunted response to low oxygen of rat respiratory network after perinatal ethanol exposure: involvement of inhibitory control[END_REF]. Analysis of the respiratory activity in situ [START_REF] Dubois | Early chronic ethanol exposure in rats disturbs respiratory network activity and increases sensitivity to ethanol[END_REF][START_REF] Dubois | Blunted response to low oxygen of rat respiratory network after perinatal ethanol exposure: involvement of inhibitory control[END_REF] also revealed that the respiratory rhythm was slower after CPEE. This hypoventilation was associated to a polycythemia and an increase in both arterial blood oxygen content and hematocrit [START_REF] Dubois | Blunted response to low oxygen of rat respiratory network after perinatal ethanol exposure: involvement of inhibitory control[END_REF] suggesting a physiological adaptation. In addition, in both in situ and in vivo approaches, the response to hypoxia was blunted in juvenile CPEE rats [START_REF] Dubois | Blunted response to low oxygen of rat respiratory network after perinatal ethanol exposure: involvement of inhibitory control[END_REF]. Similarly to our model, chronic ethanol exposure during the tadpole development induced alterations in both the response to hypoxia and hypercapnia tested both in vivo and in vitro [START_REF] Taylor | Chronic nicotine and ethanol exposure both disrupt central ventilatory responses to hypoxia in bullfrog tadpoles[END_REF][START_REF] Taylor | Developmental exposure to ethanol or nicotine inhibits the hypercapnic ventilatory response in tadpoles[END_REF][START_REF] Taylor | Chronic, but not acute, ethanol exposure impairs central hypercapnic ventilatory drive in bullfrog tadpoles[END_REF].

Other features of importance regarding early exposure to ethanol is the duration and the time window of exposure. In rats, prenatal ethanol exposure during the last 4 days of gestation did not modify ventilation at rest one week after birth [START_REF] Cullere | Neonatal sensitization to ethanol-induced breathing disruptions as a function of late prenatal exposure to the drug in the rat: modulatory effects of ethanol's chemosensory cues[END_REF]. In the same vein, an acute exposure to ethanol in tadpoles during development failed to reproduce the respiratory effects observed after a chronic exposure during the same period [START_REF] Taylor | Chronic, but not acute, ethanol exposure impairs central hypercapnic ventilatory drive in bullfrog tadpoles[END_REF]. Interestingly, when a chronic ethanol exposure is performed during adulthood, rats presented a slower respiratory rhythm and a transient alteration of the response to hypoxia without change in the response to hypercapnia at the end of ethanol exposure [START_REF] Sabino | Effect of chronic ethanol exposure on rat ventilatory responses to hypoxia and hypercapnia[END_REF]. Altogether this suggests that a chronic exposure to ethanol produce dramatic effects on the respiratory system regardless of the time period of exposure. Nonetheless to date, the respiratory effects of ethanol exposure during brain development have only been evaluated at the end of the exposure that is at a time when the subjects might be considered still under the influence of ethanol. Therefore, an important question that had not been investigated so far was whether the reported effects would persist during adulthood, long after ethanol withdrawal. Additionally, whether the response to hypercapnia in rats would be preserved after CPEE remained to be explored. Therefore, we investigated the activity and chemosensitivity of the respiratory system in CPEE rats one month after ethanol withdrawal using whole-body plethysmography performed during normoxia, acute hypoxia and acute hypercapnia. In addition, we analyzed arterial blood samples in normoxia during resting conditions.

Material and methods

Animals

Experimental procedures were in accordance with guidelines for care and use of laboratory animals (European Community, EU Directive 2010/63/EU). Sprague-Dawley rats were purchased from Janvier labs (France) and bred in our animal facility, with food and water provided ad libitum. Control rats were offspring from dams never exposed to ethanol, while CPEE rats were the progeny of rats that received a 10% (v/v) ethanol solution as their only drinking fluid one month before mating and until weaning of the offspring [START_REF] Dubois | Early chronic ethanol exposure in rats disturbs respiratory network activity and increases sensitivity to ethanol[END_REF][START_REF] Naassila | Effect of prenatal and postnatal ethanol exposure on the developmental profile of mRNAs encoding NMDA receptor subunits in rat hippocampus[END_REF][START_REF] Kervern | Perinatal alcohol exposure in rat induces long-term depression of respiration after episodic hypoxia[END_REF][START_REF] Dubois | Blunted response to low oxygen of rat respiratory network after perinatal ethanol exposure: involvement of inhibitory control[END_REF]. Ethanol consumption by the dams progressively increased to reach a peak daily average of 13.95 ± 2.02 g of ethanol/kg body weight before weaning of the pups. Typically, similar ethanol exposure with equivalent daily average ethanol consumption leads to blood ethanol concentrations in the dams of about 110 mg/ dL at the end of exposure [START_REF] Naassila | Effect of prenatal and postnatal ethanol exposure on the developmental profile of mRNAs encoding NMDA receptor subunits in rat hippocampus[END_REF][START_REF] Barbier | Long-term alterations in vulnerability to addiction to drugs of abuse and in brain gene expression after early life ethanol exposure[END_REF]. Twenty-one days after birth, offspring from both groups were weaned, and therefore ethanol was withdrawn from the CPEE group. One month later rats from both groups were exposed either to a hypoxic or to a hypercapnic acute challenge. Only male rats were used to avoid any sex difference in the response to hypoxia [START_REF] Mortola | Ventilatory response to hypoxia in rats: gender differences[END_REF], which have also been observed after other prenatal chronic experimental procedures such as maternal separation [START_REF] Kinkead | Neonatal maternal separation and early life programming of the hypoxic ventilatory response in rats[END_REF].

Plethysmography

A built-in whole-body plethysmograph based on Drorbaugh and Fenn's principle was used [START_REF] Drorbaugh | A barometric method for measuring ventilation in newborn infants[END_REF]. Awake and unrestrained rats were positioned in a 3.6 liters cylindrical chamber where a 1.6 l min -1 flow of dry air (Bronkhorst Hi-Tec airflow stabilizer 10 l min-1 air, Ruurlo, Holland) was flushed to avoid CO2 and water accumulation. The chamber temperature was maintained between 21 ± 1 °C and 25.6 ± 1.0 °C. Pressure changes in the measurement chamber caused by external pressure changes or by airflow fluctuations were equalized between the measurement and the 3.6 liters reference chambers. Measurement of pressure changes due to the animal ventilation were measured with a DRUCK-EFFA transducer (Asnières, France pressure transducer, range: ± 0.1 cm H2O). The differential pressure signal was filtered (bandwidth: 0.05 to 15 Hz) and converted into a digital signal (MacAdios analog-to-digital 14-bit converter; GW-Instruments, Somerville, MA) at a sampling rate of 100 Hz. Calibration of the plethysmograph was done by injecting 100 µl of air into the measurement chamber via a Hamilton syringe. A homemade software (derived from Superscope II software; GW-Instruments, Somerville, MA) detected the onset and amplitude of each breath and calculated the breath duration (and thus the respiratory frequency, Rf) and the tidal volume (VT) was calculated according to the Drorbaugh and Fenn's equation [START_REF] Drorbaugh | A barometric method for measuring ventilation in newborn infants[END_REF][START_REF] Epstein | A theoretical analysis of the barometric method for measurement of tidal volume[END_REF]. Minute ventilation (VE) was calculated as the product of Rf by VT. Estimations of the concentrations of O2 and CO2 inside the animal chamber were obtained from the outflow concentrations using an infrared CO2 analyzer and a paramagnetic O2 analyzer (Arelco, Fontenay-sous-Bois, France), calibrated with known gas mixtures. Hypoxic conditions were obtained by flushing during 5 minutes an isocapnic gas mixture containing 11% O2 while hypercapnic gas mixture contained 5% CO2 and 21% O2. To avoid restraining the rats, body temperature was measured before the plethysmography session and assumed to be stable [START_REF] Gordon | Thermal biology of the laboratory rat[END_REF].

Arterial blood sample analysis

Blood sample analysis was performed as previously described [START_REF] Dubois | Blunted response to low oxygen of rat respiratory network after perinatal ethanol exposure: involvement of inhibitory control[END_REF]. Briefly, after deep anesthesia, arterial blood was rapidly collected from the common carotid artery and immediately analyzed using an ABL725 analyzer (Radiometer, Copenhagen, Denmark).

After blood collection, euthanasia of the animal was immediately performed. Parameters for the analysis were relevant to the acid-base equilibrium (pCO2, pH), oxygen uptake (pO2, pCO2), transport (Total O2 content, hematocrit, pO2, O2 saturation) and release (p50, total O2 content) and tissue oxygenation (lactate).

Data analysis and representation

Statistical analyses were performed on raw data using the estimation statistics webpage (https://www.estimationstats.com). To compare each respiratory parameter at rest between control and CPEE rats, 2-sided Mann-Whitney tests were performed. Within each group, the response to hypoxia or hypercapnia was assessed using the 2-sided Wilcoxon test. Finally in order to test whether the responses to hypoxia or hypercapnia was affected by CPEE, 2 ways ANOVAs with repeated measurements were performed. A p<0.05 was considered as significant.

For graphical representations, the mean difference between normoxia recordings and chemorespiratory responses are shown in Cumming estimation plots. Individual values are plotted on the left while the mean differences are plotted on the right as a bootstrap sampling distribution (5000 bootstraps samples). On the later, the population means are represented as a dot and the 95% confidence interval (bias-corrected and accelerated) are indicated by the ends of the vertical error bar [START_REF] Ho | Moving beyond P values: data analysis with estimation graphics[END_REF].

Results

Persistent hypoventilation after ethanol withdrawal in adult CPEE rats

We had previously shown that CPEE induced a hypoventilation in non-weaned juvenile rats that remained under ethanol influence [START_REF] Dubois | Early chronic ethanol exposure in rats disturbs respiratory network activity and increases sensitivity to ethanol[END_REF][START_REF] Dubois | Blunted response to low oxygen of rat respiratory network after perinatal ethanol exposure: involvement of inhibitory control[END_REF] that was probably compensated by a polycythemia allowing for a higher arterial blood content [START_REF] Dubois | Blunted response to low oxygen of rat respiratory network after perinatal ethanol exposure: involvement of inhibitory control[END_REF]. Nonetheless it was not known whether those alterations of the respiratory physiology would persist after a long period of ethanol withdrawal.

After CPEE and one month of ethanol withdrawal, rat respiratory frequency was significantly reduced by 12% when compared to control rats (p<0.05, table 1), while the tidal volume remained unchanged (p>0.05, table 1). As a consequence, the minute ventilation was significantly decreased after CPEE and ethanol withdrawal (p<0.05, table 1). Body weight and temperature were unaffected by CPEE and ethanol withdrawal (p>0.05 for both parameters, table 1).

Lower blood oxygen content after ethanol withdrawal in adult CPEE rats

We next investigated whether this persistent hypoventilation was associated with a change in arterial blood oxygen parameters. One month after ethanol withdrawal, the acidbase equilibrium and the hematocrit in CPEE rats were similar to that of rats never exposed to ethanol (p>0.05, Table 2). Nonetheless, the total blood oxygen content was significantly lower when compared to control rats (p<0.05, table 2), suggesting a long-term alteration of the blood oxygenation status. This was not associated to changes in oxygen saturation (Pearson product moment correlation, P>0.05). A subset of animals was tested for both plethysmography and blood sample analysis (n=8, including 3 CPEE withdrawn rats). For these rats, there was a significant positive correlation between resting minute ventilation and total oxygen content (data not shown, Pearson product moment correlation, p<0.05), suggesting that anesthesia unlikely interfered with the analysis of arterial blood oxygen parameters.

Persistent blunted response to hypoxia after ethanol withdrawal in CPEE rats

We have shown that the response to an acute hypoxia was greatly dampened in CPEE juvenile rats before ethanol withdrawal [START_REF] Dubois | Blunted response to low oxygen of rat respiratory network after perinatal ethanol exposure: involvement of inhibitory control[END_REF]. Therefore, we examined whether these perturbations would persist after ethanol withdrawal.

The response to 5 minutes of hypoxia (11% O2) in 9 control rats consisted in increases in both respiratory frequency (+37 ± 5 %, p<0.05 compared to before hypoxia, fig 1A-B) and tidal volume (+27 ± 5%, p<0.05 compared to before hypoxia, fig1A, C). Overall, the minute ventilation was increased by 71 ± 10 % (p<0.05, fig 1A ,D).

After one month of ethanol withdrawal, the response to hypoxia in CPEE rats consisted of an increase in tidal volume (+28 ± 11% p<0.05, fig 1A ,C), without any significant increase in respiratory frequency (+18 ± 7%, p>0.05, fig 1A -B). The increase in minute ventilation was significant (+43 ± 7%, p<0.05, Fig 1A ,D), but this response remained significantly lower than in control rats (2W-ANOVA RM, p<0.05 for both respiratory frequency and minute ventilation).

Normal response to hypercapnia after ethanol withdrawal in CPEE rats

Since the response to hypoxia was persistently altered after ethanol withdrawal, we investigated whether this could be due to a general alteration of the chemosensory adaptative responses of the respiratory system. Therefore control (n=8) and CPEE rats withdrawn from ethanol (n=7) were submitted to a 5-minute hypercapnia challenge (5% CO2, fig 2).

During hypercapnia, both groups of rats presented a similar increase in respiratory frequency (control +44 ± 6% and CPEE rats +41 ± 5% compared to normocapnia, p < 0.05 for both) associated to an increase in tidal volume (control rats +56 ± 9%, CPEE rats +71 ± 11%, p<0.05 for both). Minute ventilation was increased by 125 ± 15% and 137 ± 15% in control and CPEE rats, respectively. Furthermore, 2-way ANOVAs revealed no differences between groups for these different parameters (p>0.05 for all). Therefore, the response to hypercapnia was unaltered after ethanol withdrawal in CPEE rats.

Discussion

We found that one month after ethanol withdrawal, adult animals that were exposed to ethanol during gestation and lactation periods exhibited a persistent hypoventilation at rest during normoxia that was accompanied with a lower blood oxygen content. In addition, the response to hypoxia was significantly attenuated in these rats whereas the response to hypercapnia remained unaltered.

We and others have shown that at the end of a chronic ethanol exposure in rats, performed either during perinatal period [START_REF] Dubois | Early chronic ethanol exposure in rats disturbs respiratory network activity and increases sensitivity to ethanol[END_REF][START_REF] Dubois | Blunted response to low oxygen of rat respiratory network after perinatal ethanol exposure: involvement of inhibitory control[END_REF] or adulthood [START_REF] Sabino | Effect of chronic ethanol exposure on rat ventilatory responses to hypoxia and hypercapnia[END_REF], the animals, still under the influence of ethanol, presented a marked reduction in respiratory frequency. However, the question whether this basal slower respiratory rhythm was persistent in absence of ethanol remained unanswered. Here, we report that one month after ethanol withdrawal from a perinatal exposure, the respiratory rhythm remained slower than in control rats. This reveals a long-lasting effect on rhythmic respiratory activity of an ethanol exposure during brain development. Our data stands out from other studies carried out after perinatal exposure to other drugs of abuse such as cocaine or nicotine where the breathing abnormalities found at birth disappear within the first 2 weeks of life and thus are only transient [START_REF] Bamford | Effect of nicotine exposure on postnatal ventilatory responses to hypoxia and hypercapnia[END_REF][START_REF] Bamford | Dynamic ventilatory responses in rats: normal development and effects of prenatal nicotine exposure[END_REF][START_REF] Olsen | In utero cocaine exposure: effect on neonatal breathing in guinea pigs[END_REF][START_REF] Simakajornboon | Effect of prenatal nicotine exposure on biphasic hypoxic ventilatory response and protein kinase C expression in caudal brain stem of developing rats[END_REF]. In this context and to our knowledge, the present report is the first to show a persistent reduction in respiratory frequency in young adulthood after an early-life exposure to a drug of abuse, suggesting that ethanol (i.e. alcohol) may be the most significant drug of abuse not to be consumed during pregnancy in regard to breathing physiology.

The hypoxic ventilatory response in adults rats is reduced after a chronic ethanol exposure performed during adulthood [START_REF] Sabino | Effect of chronic ethanol exposure on rat ventilatory responses to hypoxia and hypercapnia[END_REF]. After chronic ethanol exposure during the tadpole development, it has been observed an impairment of the central hypoxic ventilatory response in vitro [START_REF] Taylor | Chronic nicotine and ethanol exposure both disrupt central ventilatory responses to hypoxia in bullfrog tadpoles[END_REF] and in rats, hypoxic ventilatory response was also blunted in vivo in juvenile animals at the end of CPEE [START_REF] Dubois | Blunted response to low oxygen of rat respiratory network after perinatal ethanol exposure: involvement of inhibitory control[END_REF]. At that developmental stage, the failure to increase minute ventilation during hypoxia in CPEE rats was associated to the lack of increase in tidal volume [START_REF] Dubois | Blunted response to low oxygen of rat respiratory network after perinatal ethanol exposure: involvement of inhibitory control[END_REF]. In the present study we have shown that after ethanol withdrawal the increase in minute ventilation during hypoxia is however associated to a lower increase in respiratory frequency and to a significant increase in tidal volume. This suggests that the physiological mechanisms responsible for the response to hypoxia could be differentially affected at the end of ethanol exposure and after one month of ethanol withdrawal. However, more experiments are required to clearly define the mechanisms involved. Interestingly, the consequences of perinatal ethanol exposure on the response to hypercapnia differ from the effects observed on the response to hypoxia. We found that perinatal exposure to ethanol does not alter in the long term the response to hypercapnia. This result is different from experiments performed during tadpole development, in which the hypercapnia-induced increase in lung burst frequency was abolished, regardless the stage of exposure [START_REF] Taylor | Developmental exposure to ethanol or nicotine inhibits the hypercapnic ventilatory response in tadpoles[END_REF][START_REF] Taylor | Chronic, but not acute, ethanol exposure impairs central hypercapnic ventilatory drive in bullfrog tadpoles[END_REF]. However, our result is consistent with exposure to other drugs of abuse (i.e. cocaine and nicotine) performed in mammals [START_REF] Bamford | Effect of nicotine exposure on postnatal ventilatory responses to hypoxia and hypercapnia[END_REF][START_REF] Bamford | Dynamic ventilatory responses in rats: normal development and effects of prenatal nicotine exposure[END_REF][START_REF] Olsen | In utero cocaine exposure: effect on neonatal breathing in guinea pigs[END_REF][START_REF] Simakajornboon | Effect of prenatal nicotine exposure on biphasic hypoxic ventilatory response and protein kinase C expression in caudal brain stem of developing rats[END_REF][START_REF] Autret | Ventilatory control in newborn mice prenatally exposed to cocaine[END_REF]. Altogether this result suggests that early life exposure to drugs of abuse have only limited impact on the response to hypercapnia in mammals and that the effects of early life ethanol exposure on hypercapnia depends upon the specie studied. Nonetheless, further work is needed to determine whether this difference could also be due to the type of chronic ethanol exposure used or to the duration of withdrawal per se, since the withdrawal consequences have been investigated only in the present study. Importantly, the fact that the alteration of chemosensitivity is specific to the response to hypoxia suggests that CPEE does not alter chemosensitivity integration in a global manner but rather affects the neuronal network involved in the response to hypoxia.

Previously, the dampened response to hypoxia in juvenile animals was related to a stronger bulbar glycinergic neurotransmission [START_REF] Dubois | Blunted response to low oxygen of rat respiratory network after perinatal ethanol exposure: involvement of inhibitory control[END_REF]. It would be then interesting to know whether glycinergic dysfunction persists after ethanol withdrawal within the respiratory network. One limitation of the present study lies in the absence of metabolic information during plethysmography. Such information could unmask possible metabolic disruption or an associated pro-inflammatory state induced by the CPEE that could possibly bias the respiratory measurements. Therefore future studies will require a more extensive exploration of the metabolic status of the animals.

We found that the hematocrit of young adult CPEE rats withdrawn from ethanol is similar to that of control rats. This result is different from what we obtained in juvenile rats at the end of ethanol exposure [START_REF] Dubois | Blunted response to low oxygen of rat respiratory network after perinatal ethanol exposure: involvement of inhibitory control[END_REF]. Therefore, the hematocrit normalizes during ethanol withdrawal suggesting that it is the presence of ethanol early in life (possibly during the fetal period) that triggered such adaptive response. However such normalization of the hematocrit could also be explained by the physiological decay of hematopoietic activity that occurs after the first three weeks of postnatal life [START_REF] Kouno | Development of haemoglobin subtypes and extramedullary haematopoiesis in young rats. Effects of hypercapnic and hypoxic environment[END_REF]. In our experiments, we also found that the total oxygen blood content was reduced after withdrawal from CPEE. Importantly for breathing physiology, such situation could lead to a chronic state of hypoxia. Since this lower oxygen blood content was detected after ethanol withdrawal but not before [START_REF] Dubois | Blunted response to low oxygen of rat respiratory network after perinatal ethanol exposure: involvement of inhibitory control[END_REF], this suggest that such putative chronic state of hypoxia would only develop after ethanol withdrawal. Chronic hypoxia on its own may induce long lasting changes to the respiratory activity that depends on the severity, period and duration of hypoxia. Interestingly, it has been reported that the basal respiratory activity and the response to an acute hypoxia were increased following a sustained hypoxia protocol performed during adulthood [START_REF] Reeves | Effect of long-term intermittent and sustained hypoxia on hypoxic ventilatory and metabolic responses in the adult rat[END_REF]. Therefore, a chronic hypoxic state after ethanol withdrawal in CPEE rats is unlikely to be the origin of the hypoventilation and reduced response to hypoxia that we report here. Rather, the normalization of the hematocrit (and therefore the lower oxygen transport capacity) associated to the hypoventilation after ethanol withdrawal in CPEE rat is more likely to be responsible for the lower arterial blood oxygen content. Despite our efforts to minimize the time to collect blood samples, anesthesia may have biased our analysis through a differential depression of respiratory activity between groups. However, the correlation we found between resting minute ventilation and total oxygen content in a subset of animals suggests that if this bias exists, it remains of minimal impact.

An alteration of the ventilatory function and in particular of chemosensitivity has been proposed as a likely origin of the sudden infant death syndrome [START_REF] Kahn | Sudden infant deaths: from epidemiology to physiology[END_REF][START_REF] Leiter | Mechanisms of pathogenesis in the Sudden Infant Death Syndrome[END_REF][START_REF] Ribas-Salgueiro | Central chemoreceptors and sudden infant death syndrome[END_REF]. The model of ethanol exposure we used typically induce blood ethanol concentration of about 100 mg/dL in dams [START_REF] Naassila | Effect of prenatal and postnatal ethanol exposure on the developmental profile of mRNAs encoding NMDA receptor subunits in rat hippocampus[END_REF][START_REF] Barbier | Long-term alterations in vulnerability to addiction to drugs of abuse and in brain gene expression after early life ethanol exposure[END_REF], a level comparable to that observed in pregnant women moderately dependent to alcohol [START_REF] Eckardt | Effects of Moderate Alcohol Consumption on the Central Nervous System[END_REF][START_REF] Halmesmäki | Alcohol counselling of 85 pregnant problem drinkers: effect on drinking and fetal outcome[END_REF]. Children that were exposed to ethanol in utero exhibit typical physical features that include an elongated face, or a flattened jaw which are features shared with children with breathing-related sleep disorders [START_REF] Burd | Diagnosis of FAS: a comparison of the Fetal Alcohol Syndrome Diagnostic Checklist and the Institute of Medicine Criteria for Fetal Alcohol Syndrome[END_REF], a population more prone to the sudden infant death syndrome [START_REF] Kahn | Sudden infant deaths: from epidemiology to physiology[END_REF][START_REF] Leiter | Mechanisms of pathogenesis in the Sudden Infant Death Syndrome[END_REF][START_REF] Morris | Invited review: Neural network plasticity in respiratory control[END_REF][START_REF] Thach | The role of respiratory control disorders in SIDS[END_REF]. In this context, altered breathing and impaired chemosensitivity appear as an aggravating factor in the occurrence of unexplained sudden death, although the exact origin of these impairments remains to be determined. Therefore, there remains a gap in our knowledge on the long-term effects of perinatal exposure to drugs of abuse, including ethanol, and more studies, both at preclinical and clinical levels, are required. In this report we show that a perinatal exposure to ethanol in rats dramatically alters the respiratory function even after one month of ethanol withdrawal. This highlights the long-term deleterious effects of early ethanol exposure after withdrawal that could possibly translate in Human as a wide range of comorbidities occurring not only at birth, but potentially several months or years later. Furthermore, and besides the respiratory-related consequences of CPEE, the present alterations of the respiratory function could also be associated to a broad panel of comorbidities including sleep disorders, memorization or cardiovascular pathologies. 

Figure 1 .

 1 Figure 1. Persistent weakening of the response to hypoxia after ethanol withdrawal in CPEE rats. A. Typical recordings of breathing activity in control (n=9) and CPEE withdrawn rats (n=7) under normoxic conditions (top) and at the end of a 5 min hypoxia (bottom). Inspiration is upwards. Analysis of respiratory frequency (B.), tidal volume (C.) and minute ventilation (D.) before and at the end of a 5 min hypoxia. For each, the left panel indicates individual variations of the parameter and on the right panel the mean difference between before and after hypoxia is shown in Cumming estimation plots. *, p<0.05 hypoxia compared to baseline values (Wilcoxon test); #, p<0.05 CPEE withdrawn rats compared to control rats (2 way repeated measurement ANOVA).

Figure 2 .

 2 Figure 2. Normal response to hypercapnia after ethanol withdrawal in CPEE rats. A. Examples of plethysmographic recordings in control (n=8) and CPEE withdrawn rats (n=7) under normoxic conditions (top) and at the end of a 5 min hypercapnia (bottom). Inspiration is upwards. Analysis of respiratory frequency (B.), tidal volume (C.) and minute ventilation (D.) before and at the end of a 5 min hypoxia. For each, the left panel indicates individual variations of the parameter and on the right panel the mean difference between before and after hypercapnia is shown in Cumming estimation plots. *, p<0.05 hypercapnia compared to baseline values (Wilcoxon test).

Table 1 . Alteration of ventilatory parameters in normoxia after ethanol withdrawal in CPEE rats.

 1 

	Control group	CPEE withdrawn
		group
	(n=17)	
		(n=14)

Table 2 . Arterial blood status in normoxia after ethanol withdrawal in CPEE rats.

 2 

	Control group	CPEE withdrawn
		group
	(n=7)	
		(n=8)
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