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Introduction

Detergent chemicals have been widely used for numerous decades to meet people's need for hygiene and to fight against microorganisms. Their use is ubiquitous, not only in household products but also in the pharmaceutical, medical, cosmetic and industrial fields. However, detergent exposure has been linked to side effects, especially at dermatological, respiratory and ocular levels [START_REF] Wilhelm | Prevention of Surfactant-Induced Irritant Contact Dermatitis[END_REF][START_REF] Folletti | Update on asthma and cleaning agents[END_REF][START_REF] Baudouin | Preservatives in eyedrops: The good, the bad and the ugly[END_REF]. For example, chronic exposure may lead to irritant contact dermatitis, worsening asthma or corneal damage [START_REF] Wilhelm | Prevention of Surfactant-Induced Irritant Contact Dermatitis[END_REF][START_REF] Folletti | Update on asthma and cleaning agents[END_REF][START_REF] Baudouin | Preservatives in eyedrops: The good, the bad and the ugly[END_REF]. The most affected tissues are those directly exposed to external environments, as detergents mainly act by surface contact. Indeed, exposure to detergents induces remarkable stress at the cell membrane level, resulting in reorganization, cell activation and damage [START_REF] Routledge | Liposomes as models for membrane integrity[END_REF]. Regarding the ocular surface, detergents can profoundly interfere with the corneal epithelium, the most superficial layer of the cornea and the second line of defense against external aggression immediately under the tear film [START_REF] Bashir | Invisible shield: Review of the corneal epithelium as a barrier to UV radiation, pathogens, and other environmental stimuli[END_REF].

The main sources of chronic exposure of the cornea to chemicals with detergent properties come from eye drop medicine [START_REF] Baudouin | Preservatives in eyedrops: The good, the bad and the ugly[END_REF]. As recommended by Pharmacopoeias, ophthalmic preparations should contain a preservative agent when prepared in multidose bottles and dispensers. Benzalkonium chloride (BAK), a quaternary ammonium compound, is the preservative that is the most frequently used in multidose eye drops, and is thus widely administered for chronic disorders requiring mid-to long-term treatments, such as glaucoma, allergic reactions or dry eye diseases (DED) [START_REF] Baudouin | Preservatives in eyedrops: The good, the bad and the ugly[END_REF][START_REF] Aptel | Traitement du glaucome, conservateurs et surface oculaire[END_REF][START_REF] Baudouin | Detrimental effect of preservatives in eyedrops: implications for the treatment of glaucoma[END_REF][START_REF] Rasmussen | Benzalkonium Chloride and Glaucoma[END_REF]. Since the 90's, numerous investigations based on in vitro and in vivo models as well as clinical observations have revealed that the chronic use of BAK is clearly responsible for induction or worsening of DED [START_REF] Clouzeau | Hyperosmolarity potentiates toxic effects of benzalkonium chloride on conjunctival epithelial cells in vitro[END_REF][START_REF] Warcoin | Hyperosmolarity and Benzalkonium Chloride Differently Stimulate Inflammatory Markers in Conjunctiva-Derived Epithelial Cells in vitro[END_REF][START_REF] Gomes | The Ocular Surface TFOS DEWS II iatrogenic report[END_REF]. DED is a chronic inflammatory pathology of the ocular surface, which leads to disabling ocular symptoms, such as discomfort, foreign body sensation, irritations, burning and pain, or visual disturbance [START_REF] Bron | [END_REF][13][START_REF] Benítez-Del-Castillo | Visual acuity and quality of life in dry eye disease: Proceedings of the OCEAN group meeting[END_REF][START_REF] Baudouin | Revisiting the vicious circle of dry eye disease: A focus on the pathophysiology of meibomian gland dysfunction[END_REF]. DED has also been previously related to chronic eye exposure to detergents due to occupational and domestic activities [START_REF] Barbosa | Ocular surface and tear film changes in workers exposed to organic solvents used in the dry-cleaning industry[END_REF]. Indeed, changes in ocular surface tissues and tear film were reported in workers in the dry-cleaning industries. Besides, acute exposure leading to corneal damage has also been detected in children exposed to liquid laundry detergents pods [START_REF] Day | Liquid laundry detergent capsules (PODS): a review of their composition and mechanisms of toxicity, and of the circumstances, routes, features, and management of exposure[END_REF].

To assess the ocular damage potency of chemicals and to understand the mechanisms underlying ocular irritation, the Draize eye test performed in rabbits has been widely used in the past decades [START_REF] Draize | Methods for the study of irritation and toxicity of substances applied topically to the skin and mucous membranes[END_REF]. Nevertheless, due to the increase in awareness of animal welfare and demands for non-animalbased test methods, in vitro models have progressively replaced those using animals [START_REF] Lee | Alternatives to in vivo Draize rabbit eye and skin irritation tests with a focus on 3D reconstructed human cornea-like epithelium and epidermis models[END_REF]. These in vitro models are mainly based on corneal cells incubated with widely used ocular irritants, such as BAK, sodium dodecyl sulfate (SLS) or Triton X-100 (TXT) [START_REF] Lee | Alternatives to in vivo Draize rabbit eye and skin irritation tests with a focus on 3D reconstructed human cornea-like epithelium and epidermis models[END_REF][START_REF] Rönkkö | Human corneal cell culture models for drug toxicity studies[END_REF]. Using in vitro models, deleterious effects induced by detergents have been associated to numerous alterations of cell signaling pathways such as oxidative stress, mitochondrial damage or lipid peroxidation. Irritation processes also involve inflammation through the release of pro-inflammatory cytokines and cell death through apoptosis or necrosis pathways [START_REF] Foster | The functions of cytokines and their uses in toxicology[END_REF][START_REF] Dutot | Fluoroquinolone eye drop-induced cytotoxicity: Role of preservative in P2X7 cell death receptor activation and apoptosis[END_REF].

Inflammation and cell death processes are tightly linked to lipid homeostasis [START_REF] Chiurchiù | Bioactive lipids and chronic inflammation: Managing the fire within[END_REF][START_REF] Magtanong | Emerging roles for lipids in non-apoptotic cell death[END_REF]. Indeed, lipids are not only molecules involved in energy storage, but they also play a critical role in cell signaling. For example, phospholipids (PL) constitute a pool of fatty acids (FA), as they can be hydrolyzed through the action of phospholipase A2 (PLA2) to generate free FA, which in turn are oxidized in oxylipins involved in inflammatory processes [START_REF] Chiurchiù | Bioactive lipids and chronic inflammation: Managing the fire within[END_REF][START_REF] Meikle | Sphingolipids and phospholipids in insulin resistance and related metabolic disorders[END_REF][START_REF] Freigang | The regulation of inflammation by oxidized phospholipids[END_REF]. Sphingolipids (SL) are also wellknown bioactive lipid species that induce the release of pro-inflammatory cytokines such as IL-1β and activate caspase 3 resulting in cell apoptosis [START_REF] Hannun | Principles of bioactive lipid signalling: Lessons from sphingolipids[END_REF][START_REF] Hannun | Sphingolipids and their metabolism in physiology and disease[END_REF]. Perturbation of lipid metabolism has been previously described in corneal alteration [START_REF] Bazan | Cellular and molecular events in corneal wound healing: Significance of lipid signalling[END_REF][START_REF] Gordon | Mediator lipidomics in ophthalmology: Targets for modulation in inflammation, neuroprotection and nerve regeneration[END_REF][START_REF] Robciuc | Ceramides in the Pathophysiology of the Anterior Segment of the Eye[END_REF]. Dysregulation of SL metabolism, especially ceramide species, play a key role in corneal injury due to nitrogen mustard exposure [START_REF] Charkoftaki | Nitrogen mustard-induced corneal injury involves the sphingomyelin-ceramide pathway[END_REF]. Moreover, it was reported that highly cytotoxic concentrations of ocular irritants in 3D-reconstructed cornea-like models alter the content of ceramide and the gene expression of enzymes involved in lipid metabolism [START_REF] Lee | Nervonoylceramide (C24:1Cer), a lipid biomarker for ocular irritants released from the 3D reconstructed human cornea-like epithelium, MCTT HCE TM[END_REF]. Nevertheless, to our knowledge, little data is available regarding the effect of ocular irritants on cell lipid content and the potential consequences on inflammatory and cell death processes.

The aim of the present study was to investigate the mechanisms of three widely used detergents and to understand their effects on cell lipidome. To this purpose, human corneal epithelial (HCE) cells were incubated with BAK, SLS or TXT respectively, cationic, anionic and non-ionic detergents. We first determined values corresponding to subcytotoxic concentrations respective to each ocular irritant.

Using an untargeted LC/MS/MS lipidomic analysis, we then comprehensively determined the lipidome of HCE cells and characterized lipid alterations induced by BAK, SLS and TXT. Finally, the mechanisms underlying this lipidome change were investigated.

Materials and methods

Cell line, culture conditions and incubation solutions

Human corneal epithelial cell line (HCE) was obtained from the RIKEN biobank (Tsukuba, Japan) [START_REF] Araki-Sasaki | An SV40-immortalized human corneal epithelial cell line and its characterization[END_REF]. HCE cells were grown in culture flasks using DMEM/F12 (1/1), 10% fetal bovine serum (FBS), 2 mM glutamine, 100 U/mL penicillin and 100 µg/mL streptomycin all from Gibco (Paisley, UK). At confluence, every 3 days, cells were harvested with trypsin-EDTA 0.05% in Dulbecco's phosphatebuffered saline (DPBS). The cells used in this study were from passages 2 to 10.

The 10 -4 % BAK solution was prepared with a stock solution of 0.1% (w/v) BAK (Sigma, Saint Quentin Fallavier, France). For the 5.10 -3 % and 3.10 -3 % solution of SLS and TXT respectively, a stock solution of 1% of SLS (w/v) or TXT (v/v) (Sigma, Saint Quentin Fallavier, France) was used. The stock solutions were prepared in water, prior to dilution in the culture medium for incubation. HCE cells were seeded in 96-well (20,000 cells/well) and 6-well (400,000 cells/well) plates to reach subconfluence in 24 hours and then incubated for 24 hours with 1.10 -4 % BAK, 5.10 -3 % SLS or 3.10 - 3 % TXT containing 2% FBS. Cells were washed with DPBS prior to each assay.

Cell viability assay

The viability of HCE cells was assessed using the neutral red (NR) assay according to previously published data [START_REF] Repetto | Neutral red uptake assay for the estimation of cell viability/cytotoxicity[END_REF]. Briefly, a NR solution (50 µg/mL) prepared in culture media without serum was added to the cells after incubation with each ocular irritants. The NR solution was incubated for 3h at 37°C. Cells were washed with DPBS, lysed using a mixture solution containing water, ethanol, acetic acid (49.5/49.5/1, v/v/v) and finally homogenized at room temperature for 15 minutes on a stirring plate. Fluorescence intensity was measured using λex = 540 nm and λem = 600 nm (Spark ® , TECAN, Männedorf, Switzerland).

Reactive oxygen species production

ROS production was determined using the 2',7'-Dichlorohydrofluorescein diacetate (H2DCFDA) assay. The H2DCFDA 0.1 M stock solution in DMSO (Thermo Fisher Scientific, Les Ulis, France) was used to prepare a 20 μM solution in DPBS. HCE cells were incubated with the H2DCFDA working solution for 30 minutes at 37°C after incubation with each irritants and fluorescence intensity was measured using λex = 485 nm and λem = 535 nm (Spark ® , TECAN).

Caspase-1 activity

Caspase-1 activity was evaluated using the Caspase-Glo ® 1 Inflammasome Assay (Promega, Madison, WI, USA). The assay was performed according to the manufacturer's instructions.

Luminescence, resulting in luciferase activity, was quantified using the Spark ® microplate reader (TECAN).

P2X7 activation

P2X7 activation was assessed with YO-PRO-1 probe as previously described [START_REF] Rat | A fast and reproducible cell-and 96-well plate-based method for the evaluation of P2X7 receptor activation using YO-PRO-1 fluorescent dye[END_REF]. The YO-PRO-1 1 mM stock solution in DMSO (Thermo Fisher Scientific) was used to prepare a 2 μM solution in DPBS. HCE cells were incubated with the YO-PRO-1 working solution for 10 minutes at room temperature after incubation with each irritants and fluorescence intensity was measured using λex = 485 nm and λem = 531 nm (Spark ® , TECAN).

Untargeted lipidomic analysis

Sample preparation

HCE cells were incubated with BAK (10 -4 %), SLS (5.10 -3 %) or TXT (3.10 -3 %) for 24 hours and were then washed with DPBS. Cells were harvested using trypsin-EDTA 0.05%, washed with DPBS, centrifuged at 2000 rpm for 10 min. Dry cell pellets were adjusted to 3 million cells and stored at -80°C until analytical process. After thawing, the cell pellets were resuspended in ultra-pure water (1 mL) and were sonicated for 5 minutes. The cell lysate was spiked with a mixture of internal standard (Table S1) prior to lipid extraction using a chloroform/methanol/water (5:5:2, v/v/v) mixture containing the antioxidant agent 3,5-di-tert-4-butylhydroxytoluene 0.01% (w/v). Samples were subsequently centrifuged at 3000 rpm for 10 min, organic phase was collected, and solvents were evaporated under reduced pressure at 45 °C. Dry residues were dissolved in 100 µL of a mixture containing acetonitrile/isopropanol/chloroform/water (35:35:20:10, v/v/v/v) before injection into the UPLC-MS/MS system.

Data-dependent LC-ESI-HRMS/MS analysis

Liquid chromatography in both positive and negative electrospray ionization mass spectrometry analysis of lipid extracts was performed on a UPLC system (Waters, Manchester, UK) combined with a Synapt ® G2 (Q-TOF) mass spectrometer (Waters). Chromatographic separation was achieved on an Acquity ® CSH C18 column (100 mm × 2.1 mm; 1.7 µm). Elution was performed using a binary gradient system consisting in 10 mM ammonium acetate in acetonitrile/water mixture (40:60, v/v) as solvent A and 10 mM ammonium acetate in acetonitrile/isopropanol mixture (10:90, v/v) as solvent B.

The eluent increased from 40% B to 100% B in 10 min, was held at 100% B for 2 min before returning to 40% B. The flow rate was kept at 0.4 mL.min -1 , the column oven was set at 50°C and the injection volume was 5 µL. The source parameters were as follows: capillary voltage 2,400 V, cone voltage 45 V, source temperature 120°C, desolvation temperature 550°C, cone gas flow 20 L.h -1 , and desolvation gas flow 1,000 L.h -1 . Leucine enkephalin (2 ng.mL -1 ) was used as an external reference compound (Lock-Spray™) for mass correction. In a data-dependent acquisition mode (DDA), MS full scans were followed by 5 MS/MS scans performed on the most intense ions above an absolute threshold of 1,000 counts. Selected parent ions were fragmented at collision energy from 20 to 40 eV.

Scan duration for both MS1 and MS2 was 0.2 s. In the full scan mode, the data were acquired between m/z 50 and 1200 using a resolution of 20,000 FWHM at m/z 500. Data acquisition was managed using Waters MassLynx™ software (version 4.1; Waters MS Technologies). Sample injections order was orthogonalized to sample statue into UPLC/MS/MS system to avoid any bias. A mixture of 65 standard lipids belonging to 9 of the main lipid classes : Fatty acid (FA), phosphatidic acid (PA), phosphatidylethanolamine (PE), phosphatidylserine (PS), phosphatidylcholine (PC), phosphatidylglycerol (PG), ceramide (Cer), sphingomyelin (SM), HexosylCeramide (HexCer), monoacylglycerol (MG), diacylglycerol (DG) and triacylglycerol (TG) at a final individual concentration of 1 µM was also periodically injected throughout the analytical batch (Table S2).

Data-preprocessing parameters

For both ion modes, raw data files were converted into universal open source mzXML file with MSConvert 3.0 and were then processed using MZmine 2.5 software. MS and MS/MS spectra were extracted with a mass detection noise level set at 1E2 and 0E0, respectively. Chromatograms were built with the ADAP algorithms [START_REF] Myers | One Step Forward for Reducing False Positive and False Negative Compound Identifications from Mass Spectrometry Metabolomics Data: New Algorithms for Constructing Extracted Ion Chromatograms and Detecting Chromatographic Peaks[END_REF] (minimum group size of 5 scans, a group intensity threshold of 1,000, and an m/z tolerance of 10 ppm). The ADAP wavelets chromatogram deconvolution algorithm was used with the following settings: signal to noise ratio = 10, coefficient/area ratio = 60, peak duration range = 0.05-0.5 min, retention time wavelet range = 0.0-0.1. Chromatograms were deisotoped using the isotopic peaks grouper algorithm using a m/z and tR tolerance of respectively 10 ppm and 0.1 min. Peak alignment was performed through the join aligner method using the following parameters: m/z and tR tolerance of respectively 10 ppm and 0.15 min. Each MS/MS scans were associated with the corresponding MS scans using a m/z and tR tolerance of respectively 15 ppm and 0.15 min. The peak list was finally gap-filled using the so-called module "same RT and m/z range gap filler" with m/z tolerance of 5 ppm. Lipids were then annotated based on exact mass measurement and retention time with the "custom database" module using an in-house database. These preprocessing steps led to two matrixes, both in ESI+ and ESI-mode, listing for annotated lipid m/z, tR and peak area values. These matrixes were normalized and filtered as previously described [START_REF] Lanzini | Changing in lipid profile induced by the mutation of Foxn1 gene: A lipidomic analysis of Nude mice skin[END_REF].

Lipid structure assignment

The structure assignment of lipid species was based on MS and MS/MS data, using a tolerance window of 5 and 15 ppm, respectively (Table S3-S11). Identification was supported by tR values through comparison of experimental to expected values calculated using tR prediction models. Indeed, the UPLC-ESI-MS analysis of the standard lipid mixture allowed determining for each lipid class (FA, PA, PE, PS, PC, PG, PI, Cer, SM, HexCer, MG, DG, TG) the linear relationship between retention time and equivalent carbon number (ECN) [START_REF] Lanzini | Changing in lipid profile induced by the mutation of Foxn1 gene: A lipidomic analysis of Nude mice skin[END_REF][START_REF] Magny | Lipid Annotation by Combination of UHPLC-HRMS (MS), Molecular Networking, and Retention Time Prediction: Application to a Lipidomic Study of In Vitro Models of Dry Eye Disease[END_REF]. MS/MS data was used to fully determine phospholipid fatty acid composition (Table S4-S10). Fatty acyl sn1 and sn2 position was determined in negative ion mode using the relative intensity of ions corresponding to carboxylates as previously described [START_REF] Hsu | Electrospray ionization with low-energy collisionally activated dissociation tandem mass spectrometry of glycerophospholipids: Mechanisms of fragmentation and structural characterization[END_REF][START_REF] Buré | A single run LC-MS/MS method for phospholipidomics[END_REF].

Estimation of lipid amounts

The cell lipid amounts, expressed as mol%, were estimated using internal standard lipid mixture spiked in cell suspension samples before extraction [START_REF] Burla | MS-based lipidomics of human blood plasma: a community-initiated position paper to develop accepted guidelines[END_REF]. Lipid species intensities were individually normalized to the one of the corresponding internal standard chosen in the same subclass. The standard lipid mixture includes one lipid species representative of each investigated subclass (Table S2). Lipid species used as internal standard contain a fatty acid side chain with total odd carbon number or are deuterated derivatives and thus cannot overlap with endogenous lipid species present in HCE cells.

PLA2 activity assay

The global PLA2 activity was determined using Red/Green BODIPY based EnzCheck Phospholipase A2 assay kit (Thermo Fisher Scientific) according to manufacturer's procedure. Briefly, cells were incubated for 24 hours with BAK or HO. Culture media was removed, and cells were washed with DPBS. Harvested cells were centrifugated, DPBS removed and the cell pellet was suspended in 100 μL of PLA2 reaction buffer with protease inhibitor and finally sonicated for 10 sec.

A volume of 50 μL of cell lysate was then transferred in a-96 well plate and mixed with liposomes prepared with the EnzChek Phospholipase A2 substrate at a ratio of 1:1. Following a 30-minute incubation at 37°C, PLA2 activity was determined as a FRET ratio (λex = 460 nm, λem = 515/575 nm) using the Spark® spectrofluorometer.

Statistical analysis

Unsupervised multivariate analyses were performed for lipidomic data using SIMCA-P+ software version 13.0.3 (Umetrics, Umeå, Sweden) as previously described [START_REF] Lanzini | Changing in lipid profile induced by the mutation of Foxn1 gene: A lipidomic analysis of Nude mice skin[END_REF][START_REF] Ayciriex | Neuronal Cholesterol Accumulation Induced by Cyp46a1 Down-Regulation in Mouse Hippocampus Disrupts Brain Lipid Homeostasis[END_REF][START_REF] Petit | Lipidome-wide 28 disturbances of human placental JEG-3 cells by the presence of MEHP[END_REF]. A pareto scaling was applied to the variables prior to unsupervised principal component analyses (PCA).

Results

Cytotoxic effects of ocular irritants

Human corneal epithelial (HCE) cells were incubated for 24 hours with BAK, SLS or TXT in concentrations ranging from 1.10 -5 to 5.10 -1 %. All the ocular irritants altered HCE cell viability in a concentration-dependent manner (Figure 1A). BAK 1.10 -4 %, SLS 5.10 -3 % and TXT 3.10 -3 % induced a loss of cell viability of about 20% compared to control, indicative of a sub-cytotoxic effect (Figure 1B). The above concentrations were therefore used in the rest of this study.

BAK 1.10 -4 %, SLS 5.10 -3 % and TXT 3.10 -3 % led to a 2.0-, 2.05-and 2.4-fold increase in ROS production, respectively (Figure 1C) and a 1.12-, 1.52-and 1.15-fold increase in caspase-1 activity (Figure 1D). SLS was the only irritant to trigger P2X7 receptor activation (Figure 1E). In contrast, BAK and TXT did not induce any P2X7 receptor activation.

Lipidome modifications induced by ocular irritants

To investigate the impact of incubation with ocular irritant on HCE cell lipidome, we performed a lipidomic analysis using liquid chromatography hyphenated to tandem mass spectrometry (UPLC-MS/MS). In positive ion mode, a typical chromatogram showed that lysophospholipids (LP) were first eluted before 3 min, phospholipids (PC, PE, PI, PG and PS) and sphingolipids (SM and Cer) were eluted between 5 and 8 min, and DG or TG were lastly eluted after 7 min. In negative ion mode, the elution was for FA before 6 min, and for Cer and phospholipids (PC, PE, PI, PG, and PS) between 6 and 9 min.

A PCA was performed on the data relative to control and treated cells in both positive and negative ion mode. Either in ESI+ and ESI-ion modes, the built PCA models showed good quality parameters and the score plots exhibited four clusters corresponding to BAK-, SLS-and TXT-treated and control cells (Figure 2A). These clustering indicate alterations of the HCE cell lipidome following incubation with ocular irritants. To identify the impacted lipids, the lipidome of HCE cells was first established thanks to an in-house database including lipid species representative of phospholipid (PL), glycerolipid (GL), sphingolipid (SL) and fatty acid (FA) classes. A total of 300 unique lipids, belonging to 11 subclasses, was identified. Lipid species in HCE cells impacted by ocular irritant were then sought out.

The three investigated ocular irritants led to major changes in the lipidome of HCE cells. Indeed, BAK, SLS and TXT significantly modified the cell content of 104, 202 and 165 lipid species respectively, as shown on volcano plot (Figure 2C, 2D and 2E). Regarding the lipid classes, PL were significantly decreased in HCE cells incubated with BAK while a striking increase in GL was observed following incubation with SLS and TXT (Figure 2F). Moreover, SLS induced a decrease in SL level. Finally, no changes in FA class were displayed whatever the ocular irritant. Regarding the discriminant lipid species, 30 lipids were modified in the same way, whatever the ocular irritant, as displayed on the Venn diagram (Figure 2G). Indeed, 12 lipids increased while 18 decreased following incubation with BAK, SLS or TXT. These lipid species belonged to the PC, PE, DG, TG and Cer subclasses. Nine PC, including seven ether PC, decreased by about 40% (Figure 2H). LPE (18:0) content was increased by 2.2, 1.5 and 3.1-fold compared to control following incubation with BAK, SLS or TXT, respectively. PG (18:1/18:0) and PI (16:0/16:0) increased widely whatever the stressor.

Two DG species exhibited a decrease while ten TG species increased. Finally, six ceramides, containing saturated FA, also increased.

Effect of ocular irritants on phospholipid content

Regarding effects at the subclass level, while the incubation with BAK and TXT led to a decrease in overall PC content, in contrast, SLS induced a significant increase in this subclass (Figure 3). No change in PE was observed following incubation with BAK or SLS while TXT induced a significant increase in this subclass (Figure 3). Regarding FA PL content, PL with saturated fatty acids (SFA) decreased following incubation with BAK but increased with SLS or TXT (Figure 3B). A decrease in mono-unsaturated fatty acid (MUFA) PL was induced by TXT and a decrease in poly-unsaturated fatty acid (PUFA) PL was displayed for SLS (Figure 3B and3C).

While the overall ether PL (ePL) containing arachidonic acid (AA) displayed no change (Figure 4B), at the molecular species level, four AA-containing ePC at sn2 position were impacted (Figure 2H). For example, PC (P-18:0/20:4) decreased by 35%, 65% and 45% following incubation with BAK, SLS or TXT, respectively (Figure 2H). In contrast, the overall content of ePL with docosahexaenoic acid (DHA) displayed a significant decrease of 55%, 95% and 45% in HCE cells incubated with BAK, SLS or TXT, respectively (Figure 4A). To investigate the consequences at the PL metabolism level, we determined PLA2 activity. BAK, SLS and TXT significantly induced an increase in PLA2 activity of 1.4-, 1.8-and 1.75-fold change compared to control, respectively (Figure 4C).

Effect of ocular irritants on sphingolipid content

The ocular irritants assessed in the present study significantly increased the overall Cer content in HCE cells following a 24-hour incubation (Figure 5A). In contrast, a significant decrease in SM was observed with SLS and TXT but not with BAK (Figure 5B). The SM/Cer ratio was calculated and it decreased substantially following incubation with SLS or TXT (Figure 5C). At the molecular species level, Cer (d18:1/16:0) increased while SM (d18:1/16:0) decreased because of SLS and TXT (Figure 5E). The increase in Cer at the expense of SM species was observed for 5 other sphingosine basedspecies (Figure 5E).

Effect of ocular irritants on glycerolipid content

Incubation with BAK, SLS or TXT decreased the overall HCE cell content of DG (Figure 6A).

TG content displayed a striking increase following incubation with SLS and TXT while BAK induced no significant change (Figure 6B).

Discussion

Intensive use of detergents in household cleaning products, cosmetics and medical products for several decades has led to a chronical exposure of most of the population to these chemicals.

Detergents are responsible for numerous deleterious effects, especially at the cutaneous and respiratory levels [START_REF] Wilhelm | Prevention of Surfactant-Induced Irritant Contact Dermatitis[END_REF][START_REF] Folletti | Update on asthma and cleaning agents[END_REF]. Detergents have also been involved in several eye diseases as they may interact with proteins and lipids at the ocular surface. One of the major ocular pathologies, namely dry eye disease, is characterized by irritation, itching, and/or burning sensations [START_REF] Bron | [END_REF][START_REF] Baudouin | Revisiting the vicious circle of dry eye disease: A focus on the pathophysiology of meibomian gland dysfunction[END_REF][START_REF] Stevenson | Dry Eye Disease[END_REF][START_REF] Barabino | Ocular surface immunity: Homeostatic mechanisms and their disruption in dry eye disease[END_REF]. DED is favored by the used of preserved eye drops containing detergents such as BAK. To assess the irritant potential of surfactants, in vitro investigations of cytotoxicity and inflammatory cytokine production have been performed [START_REF] Rönkkö | Human corneal cell culture models for drug toxicity studies[END_REF]. Quite amazingly, although lipids are known to play key roles in inflammatory processes and are targeted by detergents, to our knowledge, no studies have aimed at describing the effects of detergents on corneal cell lipids. Our purpose was therefore to investigate the change in lipidome of human corneal epithelial cells incubated with BAK, SLS or TXT, three chemicals known to induce ocular irritation.

To investigate these alterations, we first determined sub-cytotoxic concentrations, corresponding to a decrease in HCE cell viability of approximately 20%, to compare the three agents based on the same level of cytotoxicity. The use of sub-cytotoxic concentrations is highly valuable to investigate the effect of toxics on cell signaling pathways [START_REF] Rat | A fast and reproducible cell-and 96-well plate-based method for the evaluation of P2X7 receptor activation using YO-PRO-1 fluorescent dye[END_REF]. Sub-cytotoxic concentrations were observed at 1.10 -4 % BAK, 5.10 -3 % SLS and 3.10 -3 % TXT. In preserved eye drops, BAK concentrations, ranging from 1.10 -2 % to 5.10 -3 % [START_REF] Baudouin | Preservatives in eyedrops: The good, the bad and the ugly[END_REF], are between 50 to 200 times higher than the one used in the present study.

In addition, it must be emphasized that BAK induced a similar decrease in cell viability at a concentration 30 to 50-fold lower than SLS or TXT did. This result is in accordance with previous published studies indicating that cationic detergents are more cytotoxic than other detergents [START_REF] Grant | Primary cultures of rabbit corneal epithelial cells as an experimental model to evaluate ocular toxicity and explore modes of action of toxic injury[END_REF]. To assess whether the ocular irritants induce alterations in HCE lipidome, we performed a comprehensive lipidomic analysis to characterize changes in cell lipid following incubation with BAK, SLS or TXT.

We focused the analysis on PL, GL, SL and FA classes. Some of the lipid alterations are common to the three detergents: BAK, SLS and TXT similarly regulated the cell content of 30 lipid species, which represent about 10% of total identified lipids. Among them, BAK, SLS and TXT induced a decrease in the abundance of few PL species, especially eight ether-PC. These lipid species contain an ether link in sn1 position and are thus prone to oxidation [START_REF] Wallner | Plasmalogens the neglected regulatory and scavenging lipid species[END_REF][START_REF] Braverman | Functions of plasmalogen lipids in health and disease[END_REF]. Oxidative stress being a major mechanism of the deleterious effects induced by these irritants [START_REF] Debbasch | Quaternary ammoniums and other preservatives' contribution in oxidative stress and apoptosis on Chang conjunctival cells[END_REF][START_REF] Clouzeau | Hyperosmolarity potentiates toxic effects of benzalkonium chloride on conjunctival epithelial cells in vitro[END_REF][START_REF] Pauloin | In vitro modulation of preservative toxicity: High molecular weight hyaluronan decreases apoptosis and oxidative stress induced by benzalkonium chloride[END_REF], the increase in ROS production following BAK, SLS and TXT incubation reinforced the aforementioned observations.

Oxidative products of plasmalogens include both hydroxyaldehyde derivatives and lysophospholipids containing AA or DHA located in sn2 position [START_REF] Braverman | Functions of plasmalogen lipids in health and disease[END_REF][START_REF] Stadelmann-Ingrand | Plasmalogen degradation by oxidative stress: Production and disappearance of specific fatty aldehydes and fatty α-hydroxyaldehydes[END_REF][START_REF] Fuchs | Analytical methods for (oxidized) plasmalogens: Methodological aspects and applications[END_REF]. LPC containing AA or DHA were not detected in HCE cells using our methods, probably as they are produced in small amount and readily metabolized. Hydroxyaldehyde derivatives, such as hydroxy fatty aldehydes, may be regarded as interesting markers of plasmalogen degradation due to oxidative stress. Indeed, in systemic lupus erythematosus, a pathology for which oxidative stress also induced a decrease in plasmalogen species, an increase in hydroxyaldehyde derivatives has been previously reported [START_REF] Hu | Oxidative stress leads to reduction of plasmalogen serving as a novel biomarker for systemic lupus erythematosus, Free Radic[END_REF]. Nevertheless, these compounds are highly reactive exhibiting very short half-life in cells and are therefore difficult to analyze [START_REF] Farooqui | Studies on plasmalogen-selective phospholipase A2 in brain[END_REF].

Plasmalogens are known to be a major polyunsaturated fatty acids (PUFA) pool. Indeed, most ePL contain AA and DHA in sn2 position [START_REF] Wallner | Plasmalogens the neglected regulatory and scavenging lipid species[END_REF][START_REF] Braverman | Functions of plasmalogen lipids in health and disease[END_REF][START_REF] Paul | Plasmalogens: A potential therapeutic target for neurodegenerative and cardiometabolic disease[END_REF]. To determine the nature and the position of FA side chain in PL, we used MS/MS data acquired in DDA negative ion mode as it represents a reliable and powerful tool [START_REF] Magny | Lipid Annotation by Combination of UHPLC-HRMS (MS), Molecular Networking, and Retention Time Prediction: Application to a Lipidomic Study of In Vitro Models of Dry Eye Disease[END_REF]. At molecular level, the three investigated irritants strikingly reduced the total cell content of DHA-containing plasmalogens in sn2 position. This result is in accordance with the increase in global PLA2 activity we observed in HCE cells following incubation with irritants. The increase in PLA2 activity obtained with the assay used in this study cannot unequivocally prejudge if the activity of the enzymatic isoform involved in the cleavage of the plasmalogens is actually increased. Indeed, previous studies indicated that plasmalogen species were substrates of Plasmalogen-Selective PLA2 specific isoforms such as Pls-Etn PLA2 [START_REF] Farooqui | Studies on plasmalogen-selective phospholipase A2 in brain[END_REF][START_REF] Gaposchkin | On the importance of plasmalogen status in stimulated arachidonic acid release in the macrophage cell line RAW 264.7[END_REF][START_REF] Saab | Plasmalogens in the retina: From occurrence in retinal cell membranes to potential involvement in pathophysiology of retinal diseases[END_REF]. The drop in DHA-containing plasmalogens may be however regarded as in agreement with the increase in overall PLA2 activity mentioned in the present study. A specific assay targeting Pls-Etn PLA2 activity was previously proposed and could be applied to selectively assess this isoform of PLA2 [START_REF] Farooqui | Studies on plasmalogen-selective phospholipase A2 in brain[END_REF]. PLA2, the enzyme involved in sn2 cleavage of PL, leads to the release of free FA in the cytoplasm [START_REF] Chiurchiù | Bioactive lipids and chronic inflammation: Managing the fire within[END_REF][START_REF] Wang | Phospholipases A2 in ocular homeostasis and diseases[END_REF]. Free DHA can produce oxylipins through the lipo-oxygenase (LOX) and the cyclo-oxygenase (COX) pathways leading to the release of numerous lipid mediators such as resolvins, maresins or protectins [START_REF] Gordon | Mediator lipidomics in ophthalmology: Targets for modulation in inflammation, neuroprotection and nerve regeneration[END_REF][START_REF] Gabbs | Advances in Our Understanding of Oxylipins Derived from Dietary PUFAs[END_REF]. These oxidized metabolites of DHA have been previously described as second messengers in the resolution of inflammation [START_REF] Gordon | Mediator lipidomics in ophthalmology: Targets for modulation in inflammation, neuroprotection and nerve regeneration[END_REF][START_REF] Kuda | Bioactive metabolites of docosahexaenoic acid[END_REF]. Our results thus suggest that the activation of PLA2 decreases the total pool of DHA in plasmalogen species. Depletion in DHA content has been associated with pro-inflammatory profile [START_REF] De Bus | The role of n-3 PUFA-derived fatty acid derivatives and their oxygenated metabolites in the modulation of inflammation[END_REF][START_REF] Musso | Bioactive Lipid Species and Metabolic Pathways in Progression and Resolution of Nonalcoholic Steatohepatitis[END_REF][START_REF] Saini | Omega-3 and omega-6 polyunsaturated fatty acids: Dietary sources, metabolism, and significance -A review[END_REF], ocular irritants and especially detergents may thus partially exert their toxic effect in part through this pathway. A targeted LC-MS/MS analysis focusing on DHA-derived metabolites could be valuable to define which species are especially impacted, for further experiments.

Regarding sphingolipid metabolism, our study indicated a significant increase in the total ceramide abundance in HCE cells following incubation with BAK, SLS or TXT. Some species were increased by the three investigated stressors, it includes Cer (d18:1/14:0), Cer (d18:1/16:0), Cer (d18:1/18:0) and Cer (d18:1/24:1). Cer (d18:1/24:1) has been previously described as a targeted lipid of BAK, SLS and TXT in an in vitro 3D reconstructed cornea-like model [START_REF] Lee | Nervonoylceramide (C24:1Cer), a lipid biomarker for ocular irritants released from the 3D reconstructed human cornea-like epithelium, MCTT HCE TM[END_REF]. In biological cell processes, ceramides play signaling roles promoting inflammation through IL-1β release and inducing apoptosis through caspase 3 activation [START_REF] Hannun | Principles of bioactive lipid signalling: Lessons from sphingolipids[END_REF][START_REF] Pettus | Ceramide in apoptosis: an overview and current perspectives[END_REF][START_REF] Stith | Advances in determining signaling mechanisms of ceramide and role in disease[END_REF]. In addition, dysregulation of ceramide metabolism is now recognized as a key feature in many inflammatory diseases such as atherosclerosis, inflammatory bowel disease, non-alcoholic steatohepatitis, or multiple sclerosis [START_REF] Chaurasia | Ceramides -Lipotoxic Inducers of Metabolic Disorders[END_REF][START_REF] Maceyka | Sphingolipid metabolites in inflammatory disease[END_REF][START_REF] Régnier | Sphingolipid metabolism in non-alcoholic fatty liver diseases[END_REF]. In the frame of toxic mechanisms mediated by ocular irritants, ceramides may be regarded as important mediators.

They could furthermore be suggested as relevant markers to identify ocular irritants, and they have previously been described as good candidates to determine ocular irritant potency in in vitro models [START_REF] Lee | Nervonoylceramide (C24:1Cer), a lipid biomarker for ocular irritants released from the 3D reconstructed human cornea-like epithelium, MCTT HCE TM[END_REF][START_REF] Magny | Lipidomic analysis of epithelial corneal cells following hyperosmolarity and benzalkonium chloride exposure: New insights in dry eye disease[END_REF].

Linked to the accumulation of Cer, our results reveal that SLS and TXT decreased the total content in SM of HCE cells. Indeed, as exemplified by Cer (d18:1/16:0) and SM (d18:1/16:0), ceramides increased while the corresponding SM decreased in the presence of SLS or TXT.

Ceramides are produced by different biosynthetic pathways such as de novo or salvage pathways [START_REF] Meikle | Sphingolipids and phospholipids in insulin resistance and related metabolic disorders[END_REF][START_REF] Hannun | Principles of bioactive lipid signalling: Lessons from sphingolipids[END_REF][START_REF] Robciuc | Ceramides in the Pathophysiology of the Anterior Segment of the Eye[END_REF]. The latter involved the hydrolysis of SM in ceramide through the action of sphingomyelinase (SMase), an enzyme located at the cell membrane as well as in the lysosomes [START_REF] Hannun | Principles of bioactive lipid signalling: Lessons from sphingolipids[END_REF].

The decrease in SM in favor of Cer species thus suggests that SLS and TXT increased SMase activity.

This activation has been previously described in numerous pro-inflammatory processes such as those induced by TNFα or UV irradiation [START_REF] Nikolova-Karakashian | Role of neutral sphingomyelinases in aging and inflammation[END_REF][START_REF] Dalmau | Phenotypic and lipidomic characterization of primary human epidermal keratinocytes exposed to simulated solar UV radiation[END_REF][START_REF] Martinez | Ceramide sphingolipid signaling mediates Tumor Necrosis Factor (TNF)-dependent toxicity via caspase signaling in dopaminergic neurons[END_REF] and is also known to be involved in apoptosis and to contribute to cell death processes. Furthermore, SMase activation has been involved in endoplasmic reticulum stress, which is part of cell apoptosis [START_REF] Kucuksayan | Neutral sphingomyelinase inhibition decreases ER stress-mediated apoptosis and inducible nitric oxide synthase in retinal pigment epithelial cells, Free Radic[END_REF]. It must be emphasized that SMase activation is required to induce the accumulation of TG species [START_REF] Robciuc | Hyperosmolarity-induced lipid droplet formation depends on ceramide production by neutral sphingomyelinase 2[END_REF] and may thus be related to the increase in TG in HCE cells incubated with SLS or TXT. Nevertheless, in the case of the incubation with SLS or TXT, the exact role of SMase in inflammatory and cell death processes needs to be elucidated.

Beside lipid homeostasis alteration, BAK, SLS and TXT induced ROS overproduction and caspase 1 activation. P2X7 receptor activation, related to pore permeation, was also observed but only with SLS. Activation of P2X7 receptor were previously reported in ocular stresses [START_REF] Dutot | The role of the p2x7 receptor in ocular stresses: A potential therapeutic target[END_REF]. P2X7 receptor activation and oxidative stress can trigger caspase-1 activation, leading to the release of proinflammatory cytokines such as IL-1β [START_REF] De Torre-Minguela | The NLRP3 and pyrin inflammasomes: Implications in the pathophysiology of autoinflammatory diseases[END_REF]. Ceramide accumulation, especially through SMase, also leads to caspase-1 activation [START_REF] Li | Crosstalk Between Acid Sphingomyelinase and Inflammasome Signaling and Their Emerging Roles in Tissue Injury and Fibrosis[END_REF]. This suggests that, through caspase-1 activation, Cer accumulation leads to and thus contributes to inflammatory processes and cell death. In contrast to ceramides, other lipid species, especially DHA and DHA-derived oxylipins, are known to inhibit caspase-1. Indeed, DHA can counteract caspase-1 cleavage, an essential step to mediate its pro-inflammatory properties [START_REF] Dumont | Docosahexaenoic acid inhibits both NLRP3 inflammasome assembly and JNK-mediated mature IL-1β secretion in 5-fluorouracil-treated MDSC: implication in cancer treatment[END_REF][START_REF] Serini | Anti-irritant and anti-inflammatory effects of DHA encapsulated in resveratrol-based solid lipid nanoparticles in human keratinocytes[END_REF]. Interestingly, SLS induced the highest activation of caspase-1 and P2X7 receptor and the most important decrease in DHA-containing ePL. DHA released from plasmalogens may be therefore considered as a cell response to counteract the inflammatory processes mediated by BAK, SLS and TXT, through caspase-1 modulation. The crosstalk between SL and PL metabolisms, and caspase-1 activation nevertheless needs further investigations to be fully understood.

On the one hand, the three compounds shared some lipid alterations underlying similar mechanisms; on the other hand, other lipid alterations appeared to be specific and could discriminate cationic from anionic and non-ionic detergents (Figure 7). These alterations mainly concerned PL species: BAK decreased the overall SFA-containing PL species, contrary to TXT that decreased MUFA-containing PL species in favor of those containing SFA. This result clearly supports a possible cell membrane stiffening induced by TXT [START_REF] Maulucci | Fatty acid-related modulations of membrane fluidity in cells: detection and implications[END_REF]. The anionic agent SLS significantly decreased the PUFA-containing PL, mainly through the alteration of PI species. Interestingly, SLS is the only compound both activating P2X7 receptor and decreasing PI content. The phosphatidylinositol-3kinase pathway, which is involved in P2X7 receptor activation [START_REF] Kanellopoulos | Pleiotropic Roles of P2X7 in the Central Nervous System[END_REF], may thus be linked to the observed alteration of PI homeostasis. Further studies are needed to assess if the specific lipid changes observed for cationic, anionic and non-ionic surfactants may be extended to the entire classes of these three detergents.

Conclusions

This study highlights the role of lipid metabolism in corneal cells incubated with ocular irritants, especially detergents. The three investigated ocular irritants led to lipid homeostasis alteration, mainly involving SL and PL, two lipid subclasses related to inflammatory and cell death processes. PL metabolism perturbation, especially regarding species containing PUFA, is mainly mediated by PLA2 activation. The exact role and the link between lipid alteration and inflammation induced by ocular irritants together with targeted signaling pathways need to be further explored. However, our results

indicate that lipid markers may be helpful to determine and discriminate other well-known chemicals, including mild to moderate ocular irritants. The identification of lipid species at the fatty acid levels, including for PL and SL, is essential to understand the changes induced by stressors and to characterize toxicity mechanisms. Finally, the use of a lipidomic approach may thus be regarded as a 
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 4 Figure 4. Alteration of plasmalogen metabolism induced by BAK, SLS or TXT on HCE cells.
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 6 Figure 6. Alteration of glycerolipid metabolism induced by BAK, SLS or TXT on HCE cells.
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 7 Figure 7. Similar and specific lipid change induced by BAK, SLS or TXT. (A) Bar code
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