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In addition to symptoms specifically related to mood dysregulation, patients with bipolar disorder (BD) show frequent alterations in formal thought organization. A disruption in semantic processing, notably in semantic inhibition, is one of the possible mechanisms that might explain this modified organization. However, to date, little is known about these mechanisms and their underlying neural substrates. This study aimed to identify the neural correlates of the semantic inhibition process in BD patients in comparison to healthy controls. Seventeen BD patients and 17 matched controls were recruited and underwent a 3T MRI scan. A semantic ambiguity resolution task was used during the scan to explore semantic inhibition. Whole-brain analyses were conducted on 13 BD patients and 16 controls. When compared to controls, BD patients had stronger activation in the bilateral temporal areas and right middle frontal gyrus, and less activation in the right hippocampus, parahippocampal area, and bilateral precunei. The present study revealed an altered fronto-temporo-parietal semantic inhibition network in BD patients that could reflect compensative mechanisms or modified semantic processing inducing abnormal thought organization, which has a major impact on the occupational and social functioning of the BD population.

Introduction

Bipolar disorder (BD) is a recurrent and enduring disorder characterized by fluctuations in mood state and energy [START_REF] Grande | Bipolar disorder[END_REF]. Besides mood dysregulation, BD diagnosis also involves speech and language abnormalities [START_REF] Yalincetin | Formal thought disorder in schizophrenia and bipolar disorder: A systematic review and meta-analysis[END_REF]. Speech speed and/or the organization of ideas fluctuate with mood states; logorrhea, looseness of associations, and flight of ideas are formal thought disorders commonly observed during the manic state [START_REF] Andreasen | Thought, language, and communication in schizophrenia: diagnosis and prognosis[END_REF] whereas poverty of speech and psychic retardation are core symptoms of the depressive state [START_REF] Apa | DSM-5 : manuel diagnostique et statistique des troubles mentaux[END_REF].

Disruptions in semantic processes and, more specifically, in semantic inhibition, probably underlie these symptoms [START_REF] Andreou | Semantic priming in remitted patients with bipolar disorder[END_REF][START_REF] Jamadar | Impairment in semantic retrieval is associated with symptoms in schizophrenia but not bipolar disorder[END_REF][START_REF] Keizer | Subjective experience of thought overactivation in mood disorders: beyond racing and crowded thoughts[END_REF][START_REF] Schneegans | Semantic Ambiguity Resolution in Patients With Bipolar Disorder-An Event-Related Potential Study[END_REF][START_REF] Wang | Bipolar disorder and schizophrenia share a similar deficit in semantic inhibition: a meta-analysis based on Hayling Sentence Completion Test performance[END_REF] and might persist, even during euthymic phase [START_REF] Raucher-Chéné | Verbal fluency in bipolar disorders: A systematic review and meta-analysis[END_REF]. Semantic inhibition corresponds to the inhibition of a primed stimulus semantically related to a target [START_REF] Neumann | Costs and benefits of target activation and distractor inhibition in selective attention[END_REF] and requires the integrity of several processes, including priming, competition, and shared activation in the semantic network [START_REF] Howard | Cumulative semantic inhibition in picture naming: Experimental and computational studies[END_REF]. Among the few tasks that have been developed to explore semantic inhibition, such as negative priming [START_REF] Tipper | The negative priming effect: Inhibitory priming by ignored objects[END_REF] or the Hayling Sentence Completion Task [START_REF] Burgess | The Hayling and Brixton Tests. Test manual[END_REF], semantic ambiguity resolution task (SAR) stands out as particularly interesting [START_REF] Swinney | The Effects of Focal Brain Damage on Sentence Processing: an examination of the neurological organization of a mental module[END_REF]. This task uses words that are homophones and requires the semantic activation of the contextually relevant meaning of the word and inhibition of the irrelevant meaning. SAR tasks have been used in electrophysiological studies to show impaired semantic inhibition in BD patients [START_REF] Raucher-Chene | Differential semantic processing in patients with schizophrenia versus bipolar disorder: an N400 study[END_REF][START_REF] Schneegans | Semantic Ambiguity Resolution in Patients With Bipolar Disorder-An Event-Related Potential Study[END_REF]. These studies conducted on different phases of the disorder (paucisymptomatic patients in [START_REF] Raucher-Chéné | Differential semantic processing in patients with schizophrenia versus bipolar disorder: an N400 study[END_REF]; patients with manic or mixed state in [START_REF] Schneegans | Semantic Ambiguity Resolution in Patients With Bipolar Disorder-An Event-Related Potential Study[END_REF] both showed the same N400 effect, i.e. a difference between ambiguous and non-ambiguous conditions, indicating difficulty suppressing irrelevant meanings of words, whatever the mood state. As far as we know, the neural correlates of SAR have only been explored in non-clinical populations. In a healthy population of 22 volunteers, [START_REF] Hoenig | Neural correlates of semantic ambiguity processing during context verification[END_REF] identified a brain network associated with SAR, including the left dorsolateral prefrontal cortex (DLPFC), bilateral angular gyri, bilateral anterior superior temporal gyri and the ventromedial temporal lobe.

The left DLPFC and angular gyrus activations correlated positively with the degree of semantic interference, suggesting that increased demand to resolve ambiguity was associated with higher activations in these areas. In accordance with these data, a recent study conducted in our lab showed activation in the left medial frontal gyrus and bilateral angular gyri during SAR [START_REF] Raucher-Chene | Neural Correlates of Semantic Inhibition in Relation to Hypomanic Traits: An fMRI Study[END_REF]. Although this study was carried out in a non-clinical sample, hypomanic traits of participants were positively correlated with the activation of the left superior frontal gyrus, left inferior parietal lobule, and anterior cingulate gyrus [START_REF] Raucher-Chene | Neural Correlates of Semantic Inhibition in Relation to Hypomanic Traits: An fMRI Study[END_REF].

The aim of the current study was to identify the neural correlates of the semantic inhibition process in BD patients and potentially altered task-related activations within the brain network identified by [START_REF] Hoenig | Neural correlates of semantic ambiguity processing during context verification[END_REF]. We also aimed to explore the association between, on the one hand, task-related activations and task performance, and on the other hand, task-related activations and clinical symptoms.

Methods

Participants

Seventeen right-handed patients satisfying DSM-IV (APA, 2000) criteria for bipolar I disorder were recruited in the Academic Department of Psychiatry of Reims, France. Seventeen matched healthy controls (HC) were included, with no Axis I disorder. Exclusion criteria for both groups were: another psychiatric disorder, any neurological disorder, substance abuse or dependence, and standard MRI contraindications.

The severity of mania and depression were assessed respectively by the Young Mania Rating Scale (YMRS; [START_REF] Young | A rating scale for mania: reliability, validity and sensitivity[END_REF] and the Hamilton Rating Scale for Depression (HAM; [START_REF] Hamilton | Development of a rating scale for primary depressive illness[END_REF]. Formal thought disorders were assessed by the Thought, Language, and Communication Scale (TLC; [START_REF] Andreasen | Thought, language, and communication disorders: I. Clinical assessment, definition of terms, and evaluation of their reliability[END_REF][START_REF] Bazin | Formal thought, language and communication assessment scale[END_REF]. This scale has been developed to rate the severity of thought disorder in patients suffering from schizophrenia but also in other psychiatric disorders, such as mania or depression.

All participants gave their written informed consent before inclusion in the study. The study was approved by the regional ethics committee (CCP Est-3, French National Regulatory Authority) and carried out in accordance with the Declaration of Helsinki and its subsequent amendments.

Semantic ambiguity resolution task

We used a SAR task derived from the one developed by [START_REF] Hoenig | Neural correlates of semantic ambiguity processing during context verification[END_REF] and described in detail elsewhere [START_REF] Raucher-Chene | Modulation of the N400 component in relation to hypomanic personality traits in a word meaning ambiguity resolution task[END_REF]. Briefly, it featured 90 auditory French context sentences, each followed by a written target word. Half of the context sentences ended with a homophone. For this task, we selected homophones that had only two meanings (dominant and subordinate) and for which the subordinate meaning was present in more than 10% of answers and less than 40% of the pretest answers (see [START_REF] Raucher-Chene | Modulation of the N400 component in relation to hypomanic personality traits in a word meaning ambiguity resolution task[END_REF] for more details). The context of the sentence pointed toward the subordinate meaning of the homophone (i.e., ambiguous condition), while the other half ended with a control word that was synonymous with the subordinate meaning of the homophone (i.e., unambiguous condition; see Table 2 for an example).

The target word, displayed on a screen, was oriented to either the dominant or the subordinate meaning of the homophone, thus creating incongruent and congruent conditions. This resulted in a total of four conditions: congruent ambiguous (CA), incongruent ambiguous (IA), congruent unambiguous (CU), and incongruent unambiguous (IU).

The stimuli were presented in a fixed, pseudorandom order, using E-Prime 2.0 software (Psychology Software Tools, Pittsburgh, PA, USA). Each trial began with a fixation cross (700 ms), followed by an auditory context sentence (1229-2590 ms), and ended with a written target word. This word, printed in white letters on a black background, was displayed for a maximum of 3000 ms or until the participant pressed a response button, in which case it was followed by a blank screen for the remaining time (i.e., 3000 ms minus reaction time) (see Fig. 1). To optimize the detection of the BOLD signal, jitters were also introduced between successive stimuli. Participants were asked to press the response button when the target word on the screen was related to the meaning of the context sentence. Half of the stimuli required a true ("yes") response. Two lists of sentences were randomly used, with 22 or 23 sentences per condition, associating the target words with ambiguous or unambiguous sentences.

The priming sentences were played through headphones dedicated to fMRI studies, and each target word was projected onto a translucent screen (28 in. wide and 37 in. high) by an Epson EB-G5300 video projector (Epson France, Seiko Epson Corporation). Stimuli were viewed through a prismatic mirror mounted on the head coil.

Functional MRI acquisitions

Images were acquired using a 3-tesla whole-body MRI scanner (Siemens Corporation, Erlangen, Germany) with a twenty-channel head coil. Head motions were minimized with a forehead strap and comfortable padding around the participant's head. For each participant, a T1-weighted anatomical image oriented parallel to the AC-PC was first acquired using a Fast Low Angle SHot 

Image processing and statistical analysis

Image processing and statistical analyses were conducted using statistical parametric mapping methods as implemented in SPM12 (http://www.fil.ion.ucl. ac.uk/spm/software/spm12/).

The first seven volumes of the functional run were discarded to eliminate the non-equilibrium effects of magnetization. Preprocessing steps were performed, including spatial and temporal corrections, normalization, and smoothing procedures. For each participant, functional volumes were aligned to the first scan of the acquisition. Slice timing was performed to correct for differences in slice acquisition times. Structural images were then co-registered to the mean realigned EPI image and segmented. The segmentation parameters were used to normalize functional data to the standard anatomical space of the Montreal Neurological Institute brain. Functional images were resampled at a resolution of 2 x 2 x 2 mm 3 . Spatial smoothing was performed with an isotropic three-dimensional Gaussian filter with a full width at half maximum of 8 mm. A high-pass filter was implemented using a cut-off period of 128 seconds to remove low-frequency drift from the time series. Motion artifact detection and rejection was performed using Artifact Detection Toolbox (ART; http://www.nitrc.org/projects/artifact_detect). Three BD patients and one control were excluded at this stage of the analyses. These participants were subsequently excluded from the demographics and behavioral analyses.

At the first level, a design matrix was defined with a separate regressor for each condition (CA, IA, CU, and IU), and contextual sentences (sA, sU) were entered as an additional regressor.

Motion parameters extracted from the realignment processing were also included in the model as nuisance regressors.

The images resulting from the first-level analyses were entered into a second-level analysis.

Direct comparisons between HC and BD groups were made using two-sample t-tests. To specifically explore the semantic inhibition condition, a focus was made on the IA contrast (semantic ambiguity resolution in incongruent conditions). Results were threshold at k = 20 contiguous voxels and p < 0.001 uncorrected. Statistically significant clusters were then labeled using the AAL toolbox (20). Demographic data and task performance measures were analyzed using IBM SPSS Statistics Version 23 (IBM Corp., Armonk, NY, USA). T-tests were performed to compare the socio-demographic and clinical results of the two groups. An analysis of variance (ANOVA) was conducted with the mean reaction times during the fMRI task, with two intra-subject conditions: Ambiguity (ambiguous vs. unambiguous) and Congruity (congruent vs. incongruent), and a between-subject condition: group factor (BD vs. HC). In the BD group, non-parametric partial correlational analyses, controlled for age and chlorpromazine-equivalent antipsychotics dosage, were conducted between the clinical scores (YMRS, HAM-D, and TLC total scores), task performance (mean reaction time and accuracy) in the IA condition, and mean activation within the clusters found in the IA condition.

Results

Thirteen BD patients (5 men / 8 women) and 16 controls (6 men / 10 women) were included in the analyses and their clinical characteristics are presented in Table 1. In line with the matching procedure, groups were comparable for age and education level. They were also similar on verbal efficiency (Mill Hill) and current depression symptom scores (HAM-D). As expected, BD patients exhibited higher scores on the YMRS and the TLC. Among BD patients, 84.6% of the patients had an antipsychotic medication, 38.5% had antiepileptics, and 15.4% received lithium.

Behavioral performance during fMRI

The percentage of correct responses was > 80% in all conditions. Mean reaction times analyzed using an ANOVA showed a significant main effect of Ambiguity (F(1, 27) = 4.43, p = 0.045), with longer RTs in ambiguous (mean: 1389 ± 50 ms) than in unambiguous (mean: 1337 ± 51 ms) conditions, and a significant effect of Congruity (F(1, 27) = 18.32, p < 0.00), with shorter RTs in congruent (1302 ± 52 ms) than in incongruent (1425 ± 50 ms) conditions. No significant interaction was found with the group factor (ps > 0.32).

There was no significant difference between the two groups in regard to accuracy and mean reaction times in the IA condition (ps > 0.13).

Functional MRI results

We first examined group differences (BD vs. HC) in IA contrast, with results presented in Table 3 andFigure 1. BD participants demonstrated increased activation in bilateral superior and middle temporal gyri (BA 41, BA 22) and right middle frontal gyrus (BA 8) compared to HC. They also showed hypoactivation in the bilateral precunei, the right hippocampus, and the parahippocampal area (BA 48).

Activation of the right hippocampal/parahippocampal area was negatively correlated to the HAM score (r = -0.662; p = 0.026): in BD patients, the more depressed, the weaker the activation. A trend toward significance was also found between left precuneus activation and the HAM score in the BD group (r = -0.571; p = 0.067). We reconducted these analyses, excluding two potential outliers (influential observations) and both correlations were strengthened (r = -0.815; p = 0.007 and r = -0.919; p < 0.001, respectively) and represented in Figure 2. No other correlation was found (ps > 0.186) between mean activation in the other clusters found in the IA condition and clinical scores (HAM, YMRS, TLC) in BD patients.

A trend toward significance was found between left MTG/STG activation and the mean response time in the IA condition in the BD group (r = 0.565; p = 0.07): the longer the response time, the stronger the left temporal activation. However, it is noteworthy that the exclusion of one potential influential participant led a non-significant correlation (r = 0.434; p = 0.210). No correlation was found with the accuracy rate (ps > 0.325).

Discussion

The aim of the current study was to identify the neural correlates of the semantic inhibition process in a sample of BD patients. We observed that during semantic inhibition, BD patients had stronger activation in the bilateral temporal areas and right MFG, and weaker activation in the right hippocampus, parahippocampal area, and bilateral precunei than healthy controls. We also aimed to explore the potential association between these modified activations, task performance, and clinical symptoms. In the BD group, we found that the activation of the left calcarine/precuneus cluster and the right hippocampal/parahippocampal cluster during semantic inhibition were inversely correlated with the severity of the depressive symptoms.

The bilateral temporal region found to be hyperactivated in the BD group is a component of the semantic inhibition network described by [START_REF] Hoenig | Neural correlates of semantic ambiguity processing during context verification[END_REF] and one of the largest clusters shown to be activated during semantic processing [START_REF] Rodd | Localising semantic and syntactic processing in spoken and written language comprehension: an Activation Likelihood Estimation meta-analysis[END_REF]. The temporal region of the left hemisphere is known to be dominant for language processing, but some models propose that the right hemisphere processes coarser semantic coding than the left one and that its overactivation might signal a difficulty analyzing ambiguity [START_REF] Jung-Beeman | Bilateral brain processes for comprehending natural language[END_REF]. The increased bilateral activations in BD participants revealed by our study might suggest stronger semantic activation to provide initial access to semantic representations [START_REF] Jung-Beeman | Bilateral brain processes for comprehending natural language[END_REF], or might reflect a down-stream consequence of having attended to a stimulus that is difficult to process [START_REF] Rodd | Localising semantic and syntactic processing in spoken and written language comprehension: an Activation Likelihood Estimation meta-analysis[END_REF]. As impaired semantic inhibitory capacities in BD patients has already been shown in previous ERP studies [START_REF] Raucher-Chene | Differential semantic processing in patients with schizophrenia versus bipolar disorder: an N400 study[END_REF][START_REF] Schneegans | Semantic Ambiguity Resolution in Patients With Bipolar Disorder-An Event-Related Potential Study[END_REF], the hyperactivation in the BD group appears to be a compensatory process to maintain performance. This hypothesis is supported by the correlation between the response time and the left MTG/STG activation. Although this correlation was only marginally significant, possibly due to our small sample size, response time increased with the strength of activation during maintained performance in terms of accuracy.

An unexpected result of our study was the activation of the right MFG, whereas contralateral activation within the left dorsolateral prefrontal cortex has been found in previous studies conducted in non-clinical populations with the same task [START_REF] Hoenig | Neural correlates of semantic ambiguity processing during context verification[END_REF][START_REF] Raucher-Chene | Neural Correlates of Semantic Inhibition in Relation to Hypomanic Traits: An fMRI Study[END_REF].

Nevertheless, a right frontal activation (BA 47) has also been found in BD patients during the Hayling task [START_REF] Mcintosh | Prefrontal function and activation in bipolar disorder and schizophrenia[END_REF], suggesting a key role of this region during semantic inhibition processes in this population. The overactivation of right frontal regions can be interpreted in two ways: first, patients might need to recruit additional brain regions in the right hemisphere to solve challenging cognitive problems or, secondly, neurofunctional changes in BD patients might reflect a specific way of processing semantics. In BD patients, [START_REF] Schneegans | Semantic Ambiguity Resolution in Patients With Bipolar Disorder-An Event-Related Potential Study[END_REF] found differential contributions to semantic processing of each hemisphere; the degree to which right-hemispheric semantic processing contributed to overall semantic processing seemed to be increased in BD patients. The two hemispheres probably differ in the way they dynamically process information. Contrary to the left hemisphere that quickly inhibits features related to the subordinate or contextually irrelevant meanings, the right hemisphere may maintain weaker semantic activation of a broader semantic field including features that seem irrelevant to the context or secondary word meanings [START_REF] Jung-Beeman | Bilateral brain processes for comprehending natural language[END_REF]. Hyperactivation of the right MFG might then contribute to positive thought disorder such as the flight of ideas or loose associations, typically found in the BD population during (hypo)manic states.

The decreased activations found in the hippocampal area and precunei in the BD group do not seem to be directly related to semantic processing, but rather to other functions crucial for process semantics. Functional neuroimaging findings in healthy individuals suggest a central role for the precuneus in a wide spectrum of highly integrated tasks (e.g., visuospatial imagery, episodic memory retrieval, or self-processing operations) (Cavanna & Trimble, 2006). More specifically, deactivation of the precuneus has been demonstrated during phonological verbal fluency tasks.

Schizophrenia and BD patients however show a pattern of reduced precuneus deactivation, which is consistent with overactivity of the default-mode network during task performance and can be linked to lapses of attention and task errors [START_REF] Costafreda | Pattern of neural responses to verbal fluency shows diagnostic specificity for schizophrenia and bipolar disorder[END_REF]. The over-deactivation in precunei in our BD group may thereby be considered as an additional sign of a compensatory process.

Interestingly, the modified activation of the hippocampus, typically associated with the storage and retrieval of episodic information, can also be linked to semantic performance (Renoult et al., 2019).

In [START_REF] Hoenig | Mediotemporal contributions to semantic processing: fMRI evidence from ambiguity processing during semantic context verification[END_REF], the hippocampus was involved through its mnemonic function in linking the target meaning representation with the meaning of a prior sentence context during a semantic ambiguity resolution task. In BD patients, the decreased activation of these regions could mean that the ability to associate the meanings of the sentence and the homophone is altered, leading to some potential impairment in processing these ambiguous words. Results on decreased activation in the left precuneus and right hippocampus can also be interpreted with the subsyndromal depressive symptomatology. Hence, the negative correlations found in the current study between these regions and the severity of the symptoms are in line with studies on functional connectivity and depression in bipolar disorder. For example, [START_REF] Lv | Decreased functional connectivity in the language regions in bipolar patients during depressive episodes but not remission[END_REF] displayed a decreased connectivity strength between the left middle temporal gyrus and right lingual gyrus, correlated to the HAM score. More recently, abnormalities in the large frontoparietal-limbic circuit showed state-specific differences (i.e., depressive versus manic) in the right parahippocampal gyrus [START_REF] Zhang | Longitudinal trajectory of Amyloid-related hippocampal subfield atrophy in nondemented elderly[END_REF].

No correlation was found between brain activation and hypomanic symptoms in our BD group. More specifically, we had expected that neural activations during semantic processing would be associated with the severity of formal thought disorder. Only a few neuroimaging studies have explored these aspects in BD, but at a behavioral level, associations between semantic processing and BD symptomatology have repeatedly been pointed out. In a recent study conducted on verbal fluency, [START_REF] Weiner | Thought and language disturbance in bipolar disorder quantified via process-oriented verbal fluency measures[END_REF] showed that patients with subthreshold manic symptoms had discrete structural speech abnormalities during the free condition of the verbal fluency task. Although the absence of such correlation is difficult to interpret in our work due to our small sample size, one hypothesis is that our patients were not hindered enough to show a clear relationship between their symptoms and specific brain changes, as opposed to what has been observed in other disorders. In schizophrenia for instance where formal thought disorders are a central dimension, it has been shown that positive thought disorders could be predicted by the hemodynamic response enhancement within the temporal regions during a semantic priming task [START_REF] Kuperberg | Increased temporal and prefrontal activity in response to semantic associations in schizophrenia[END_REF].

Thereby, we may speculate that the increased temporal activation displayed in the patients of this study may contribute to maintaining semantic inhibition performance, but when symptoms are too severe, such as in schizophrenia, a threshold is crossed and semantic impairment occurs despite the increased activation.

The following limitations need to be considered in the interpretation of our results. First, the small sample size of our population restricts the potential generalization of our findings.

Nevertheless, the significant results observed in the behavioral and cerebral activation analyses are coherent with previous studies using this task. This work is original in the BD population and further replicating studies are needed to confirm these findings. Secondly, the observed findings may also reflect the effect of pharmacological treatment and even if we included clinical variables in the analyses, concomitant pharmacotherapy may have influenced brain activity. However, it should be noted that all recruited patients were on stable psychotropic medications (i.e., no drug switches or dose changes in the previous 15 days at least). Moreover, the effects of psychotropic medications on the BOLD signal tend to reduce between-group differences with a "normalizing" effect [START_REF] Hafeman | Effects of medication on neuroimaging findings in bipolar disorder: an updated review[END_REF].

In conclusion, our study revealed an altered fronto-temporo-parietal semantic inhibition network, suggesting modified semantic processing in BD patients. These changes seem to be adaptative in paucisymptomatic patients but the exploration of patients in more severe mood states would help to understand to what extent these changes are effective and to confirm the relationship with the formal thought disorder symptoms. This question is of importance in the development of more adaptative care for BD patients; for example, neuromodulation such as repetitive transcranial magnetic stimulation has already demonstrated some efficacy in cognitive impairment related to semantic processing in a BD population [START_REF] Yang | High-frequency repetitive transcranial magnetic stimulation (rTMS) improves neurocognitive function in bipolar disorder[END_REF]. 
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  FLASH) sequence (T1-FLASH; TR = 28 ms, TE = 6 ms, flip angle = 27°, 36 axial slices, slice thickness = 4.50 mm, no interslice gap, FOV = 250 × 250 mm², matrix = 256× 256, and acquisition voxel size = 1 × 1 × 4.5 mm 3 ). Functional data were acquired using an ascending slice acquisition 2D T2*-weighted EPI sequence sensitive to blood-oxygen-level-dependent (BOLD) contrast, in the same axial plane as the T1-weighted structural images (2D-T2*-FFE-EPI; EPI factor = 59, TR = 2000 ms, TE = 30 ms, flip angle = 6 90°, 36 axial slices, slice thickness = 4.5 mm, no gap, matrix = 80 × 80, FOV = 240 × 240 mm², acquisition voxel size = 3 × 3 × 4.5 mm 3 ). The 580 functional volumes were collected during two consecutive functional sessions (total scan time = 19 min 20 s). One BD patient did not complete the MRI session.

  Finally, correlation analyses between functional ROIs and clinical data of BD participants were computed. ROIs were built from statistically significant clusters showing greater activation for the BD patients compared to the healthy control group (left middle temporal gyrus / superior temporal gyrus: L MTG/STG[-54 -18 6]; right middle frontal gyrus: R MFG [34 20 52] and right MTG/STG[62 -18 -10]).
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 1 Figures

Figure 2 .

 2 Figure 2. Correlation between the severity of depressive symptoms (HAM total score) and the mean activation in the A) right hippocampal / parahippocampal gyrus and B) left calcarine sulcus / precuneus in the BD group.

Table 1 .

 1 Clinical characteristics of the groups of participants (BD: bipolar disorder; HC: healthy controls) Note. CPZ: chlorpromazine; HAM-D: Hamilton Depression Rating Scale; TLC: Thought, Language and Communication Scale; YMRS: Young Mania Rating Scale.

		BD (n = 13)		HC (n = 16)			
		Mean	SD	Mean	SD	t	p
	Age (years)	38.54	11.85	40.00	11.80	.331	.743
	Education (years)	13.08	2.93	12.6	2.36	.460	.649
	Mill Hill score	34.92	3.15	33.25	3.92	1.245	.224
	HAM-D score	3.23	4.25	1.81	2.90	1.066	.296
	YMRS	4.46	5.68	0.0	0.0	2.832	.015
	TLC	2.87	3.46	0.0	0.0	2.899	.013
	CPZ-equivalent (mg)	166.45	77.16	-			

Table 2 .

 2 Example of experimental material, fromRaucher-Chéné et al. (2018).

	Condition	Heard sentence	Target
	Congruent ambiguous (CA)	Elle danse pour un ballet / [balɛ]	GALA
		(she's dancing in a ballet)	(gala ball)
	Congruent unambiguous (CU)	Elle danse pour un spectacle	GALA
		(she's dancing in a show)	(gala ball)
	Incongruent ambiguous (IA)	Elle danse pour un ballet / [balɛ]	MENAGE
		(she's dancing in a ballet)	(housework)
	Incongruent unambiguous (IU)	Elle danse pour un spectacle	MENAGE
		(she's dancing in a show)	(housework)

Note:

The homophone [balɛ] has two meanings: the dominant meaning is broom and the subordinate meaning is dance performance.

Table 3 .

 3 Semantic inhibition processing (IA condition): maxima of activation clusters when compared BD and HC groups.

			Significance		Coordinates	
	Area	BA					
			Cluster size	t value	x	y	z
	BD > HC						
	L MTG / STG	41	123	4.82	-54	-18	6
	R MFG	8	56	4.70	34	20	52
	R MTG / STG	22	54	4.43	62	-18	-10
	HC > BD						
	L calcarine sulcus /				-26	-58	16
		-	112	6.31			
	precuneus						
	R hippocampus /				34	-34	-4
		48	45	4.30			
	parahippocampus						
	R precuneus	-	31	3.96	30	-46	16

Note: L = left; R = right; MFG: middle frontal gyrus; MTG: middle temporal gyrus; STG: superior temporal gyrus; MNI = Montreal Neurological Institute; p < 0.001 uncorrected. k = 20.
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