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Highlights  

 

1. Chronic alcohol exposure profoundly modifies lipidome profiling in PFC and striatum. 

2. Three lipid classes, GP, GL and FA, take the most proportion of those modified 

lipidome.  

3. The majority of altered lipids are synthesized in ER.  

4. ER stress may account for the neurotoxicity of chronic alcohol caused disorders.  

 

ABSTRACT 

Much efforts have been tried to clarify the molecular mechanism of alcohol-induced brain 

damage from the perspective of genome and protein; however, the effect of chronic alcohol 

exposure on global lipid profiling of brain is unclear. In the present study, by using Q-

TOF/MS-based lipidomics approach, we investigated the comprehensive lipidome profiling 

of brain from the rats orally administrated with alcohol daily, continuously for one year. 

Through systematically analysis of all lipids in prefrontal cortex (PFC) and striatum region, 

we found that long-term alcohol exposure profoundly modified brain lipidome profiling. 

Notably, three kinds of lipid classes, glycerophospholipid (GP), glycerolipid (GL) and fatty 

acyls (FA), were significantly increased in these two brain regions. Interestingly, most of the 

modified lipids were involved in synthetic pathways of endoplasmic reticulum (ER), which 

may result in ER stress-related metabolic disruption. Moreover, alcohol-modified lipid 

species displayed long length of carbon chain with high degree of unsaturation. Taken 

together, our results firstly present that chronic alcohol exposure markedly modifies brain 

lipidomic profiling, which may activate ER stress and eventually result in neurotoxicity. 

These findings provide a new insight into the mechanism of alcohol-related brain damage. 
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Q-TOF/MS, quadrupole time of flight mass spectrometry; PFC, prefrontal cortex; ER, 

endoplasmic reticulum; AUD, alcohol use disorder; CNS, central nervous system; AD, 

Alzheimer’s disease; MTBE, methyl-tert-butyl ether; MS, mass spectrometry; PCA, principal 

component analysis; OPLS-DA, orthogonal partial least squares discriminant analysis; VIP, 

variable importance; TIC, representative total ion current; CDP-DAG, cytidine diphosphate-

diacylglycerol; ASMase, acid sphingomyelinase; DG, diacylglycerol; PS, phosphatidylserine; 

PC, phosphatidylcholine; PI, phosphatidylinositol; MG, mono-acylglycerol; PE, 

phosphatidylethanolamine; FA, fatty acids; PG, phosphatidylglycerol; PA, phosphatidic acid; 

Sulfo, 2-hydroxy N-acyl sulfatide； LPC, lysophosphatidylcholine; TG, triacylglycerol; Cer, 

ceramide; LacCer, lactosylceramide; GM3, ganglioside GM3; D3(OH3), 1,23,25-

trihydroxyvitamin D3;  LPE, lysophosphatidylethanolamine; AA, arachidonic acid; CE, 

cholesteryl ester; OLGly, N-oleoyl glycine; VC, vaccenyl carnitine; AGMI, 

archaetidylglycerol-(glycosyl)-myo-inositol; E3-3GI, estriol-3-glucuronide; Cho, cholesterol; 

COQ9, Coenzyme Q9; COQ10, Coenzyme Q10; SP, sphingolipids; GL, glycerolipids; ST, 

sterol Lipids; GP, glycerophospholipids; FA, fatty Acyls. 

 

 

Key words: Alcohol abuse; Lipidome profiling; ER stress 
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1. Introduction 

Alcohol-related disorders cause about 3-8% of all globe deaths and 4-6% of global disability-

adjusted life years (Deak, Miller, and Gizer 2019; Kranzler and Soyka 2018). Aberrant 

genetic variation and synaptic functions induced by long-term alcohol exposure involve in the 

pathogenesis of many categories of alcohol use disorder (AUD), such as neuropsychiatric 

impairment and cardiovascular diseases (Mayfield et al. 2016; Parry, Patra, and Rehm 2011; 

Rehm et al. 2010; Rehm and Ph 2012). Alcohol abuse produces neuroadaptations in specific 

brain circuits that are linked with behavioral indices, including escalating alcohol 

consumption, tolerance, dependence, and propensity to relapse after a period of abstinence 

(Becker and Dorit Ron Guest 2014; Erickson et al. 2018). Especially, chronic alcohol 

drinking arouses permanent structural and functional damage to brain accompanying with 

severe cognitive and motor impairments (Harper 2009; He et al. 2007).  

Lipids hemostasis of the brain plays an important role in the metabolism and function of 

central nervous system (CNS). Oxidation of ethanol (alcohol) generates hydroxyethyl or 

superoxide radical, which  react with and damage complex cellular molecules, such as lipids, 

proteins and DNA (Domnina et al. 2015; Pamplona et al. 2004; Schweikl et al. 2016). These 

processes play key roles in the mechanism of alcohol-promoted tissue injury (Cederbaum and 

Lu 2009). Through directly interacting with side chain of  polyunsaturated fatty acids or 

increase the expression level of lipoxidation and lipid peroxides, the oxidative stress has 

capability to disrupt the stability of lipids and results in structural membrane damage 

(Cederbaum and Lu 2009; Dey and Cederbaum 2006). Because lipids account for the major 

mass of brain, except for as the building blocks for all membrane structures, they also serve as 

repositories of chemical energy, as well as play key roles in cell signaling and transduction 

pathways (Holthuis and Menon 2014; Nutabi et al. 2017). Therefore, changes in lipid 
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structures, composition, distribution, profiles or lipid raft micro-domains are considered to 

associate with altered neuronal function, synaptic transmission and neurotransmitter signaling 

(Allen, Halverson-tamboli, and Rasenick 2007; Fabelo et al. 2011; Ferrer 2009; De La Monte 

and Kril 2014; Ramírez et al. 2009). In the human frontal cortex of late stages of Alzheimer’s 

disease (AD) and Parkinson’s disease, alteration of lipid composition and profiles involves in 

the neuronal dysfunction and cognitive deterioration (Fabelo et al. 2011; Marin et al. 2017). 

Furthermore, accumulation of adducts formed from toxic metabolites of ethanol, acetaldehyde 

or fatty acid ethyl esters, disrupts lipid membrane structure and mitochondrial function, 

inducing neuronal damage in brain tissue (Cui et al. 2019; Inoue et al. 2018; Nakamura et al. 

2003; Zahr, Kaufman, and Harper 2011).  Our recent study revealed that long-term alcohol 

exposure significantly modifies the serum lipid profile in rats, particularly the metabolic 

pathways involved in glycerophospholipid, sphingolipid and glycerolipids (Li et al. 2018). 

Though many efforts have tried to explore the pathological features of alcohol-related brain 

damage, few studies have systematically investigated the global impact of alcohol on brain 

lipidome profiling, especially long-term alcohol exposure. 

Systemic analysis of lipids and their metabolites in complex mixtures can be achieved using 

the novel analytical approaches, especially liquid chromatography and mass spectrometry 

(Shevchenko and Simons 2010; Wenk 2005). Growing lipidomics-based studies have 

revealed that the dysregulation of some specific lipids are associated with the pathogenesis of 

many disease, such as diabetes, Alzheimer’s disease, hypertension and cancer (Gao et al. 

2018; Kulkarni et al. 2017; Links 2011; Yan et al. 2018). In this study, using Q-TOF/MS 

based lipidomic approach, we show that alcohol exposure markedly remodels the lipidome of 

both prefrontal cortex and striatum of the rats, which may underlie alcohol-related 

neurotoxicity and neuroplasticity. 

 

ACCEPTED M
ANUSCRIP

T



 6 / 28 

 

2. Materials and Methods  

2.1 Reagents  

Absolute alcohol was bought from Taineng Co., Ltd (Chengdu, China). Isopropanol, 

acetonitrile, ammonium acetate and formic acid were purchased from Sigma-Aldrich (USA). 

All of organic solutions used in this study were of analytic pure. 

2.2 Animals  

Wistar rats (5~6 weeks old, 130~180 g weights) were purchased from Vital River Laboratory 

Animal Technology Co., Ltd. (Beijing, China) and allowed to acclimated for 7 days before 

alcohol exposure. All rats were maintained in the animal facility under a standard 12-h 

light/12-h dark cycle with food and water ad libitum. All experimental procedures and use of 

the animals were in accordance with the guidelines established by the Association for 

Assessment and Accreditation of Laboratory Animal Care and the Institutional Animal Care 

and Use Committee of Sichuan University.  

2.3 Alcohol exposure  

Rats were randomly divided into water-treated (n=10) and alcohol-treated (n=10) groups. The 

alcohol-treated rats were administrated intragastrically with 10 ml/kg of alcohol (12%, v/v) 

daily throughout one year without interruption, and the water-treated rats were administrated 

intragastrically with 10 ml/kg of distilled water daily. 

2.4 Sample preparation  

Rat were anesthetized with 60 mg/kg pentobarbital sodium intraperitoneally at the end of 

administration. After quickly excising the brain, prefrontal cortex and striatum were 

immediately dissected according to the brain atlas (Paxinos and Franklin, 2004) and frozen in 

liquid nitrogen before storage at -80 °C. 

2.5 Lipid extraction  
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Total lipids were extracted with methyl-tert-butyl ether (MTBE) (Matyash et al. 2008). 

Simply, pre-cold methanol (150 μl) and MTBE (450 μl) were sequentially added to brain 

tissues (25-30 mg). After incubating for 10 min at room temperature, the brain tissues were 

followed by homogenization using a bead based homogenizer (Precellys Evolution, 

Bertin technologies, Montigny le Bretonneux, France) at 6500 rpm in three cycles for 15 s 

with a 20-s intervals. Then, 300 μl 25% methanol diluted in sterile MiliQ water were added to 

homogenized mixture and phase separation was formed. After mixing vigorously and 

centrifugation at 14000 g for 10 min, the upper organic phase was carefully collected. The 

extracted lipids were subjected to evaporation under a gentle stream of nitrogen at room 

temperature and then stored at -80 °C until use. 

2.6 Mass spectrometry analysis of lipid metabolites  

The extracted lipids from PFC and striatum were separated by an ACQUITY Ultra 

Performance LC mass spectrometry system (Milford MA, US) with an ACQUITY UPLC 

HSS T3 column (1.8 μm, 2.1×100 mm; Milford MA, US) and measured by electro-spray 

ionization (ESI)-Q-TOF (quadrupole-time-of-flight) Premier mass spectrometer (Milford MA, 

US). The dried lipid samples were re-dissolved in acetonitrile/isopropanol (v/v, 7:3). The 

injection volume was fixed at 3 μl, The T3 column was maintained at 55 °C. Mobile phase A 

consisted of acetonitrile/water = 4/6 (10 mmol ammonium acetate). Mobile phase B consisted 

of acetonitrile/isopropanol = 1/9 (10 mmol ammonium acetate). The flow rate of the mobile 

phase was maintained at 0.4 ml/min. A linear gradient was used as follows: 40-70% B at 0-3 

min, 70-95% B at 3-14 min, 95% B at 14-15.5 min. The column was re-equilibrated for 3.5 

min, setting a total run time of 20 min(Castro-perez et al. 2010).  

The mass spectrometry (MS) was separately operated in the positive and negative modes. The 

scan range of the instrument was set at a mass-to-charge ratio (m/z) of 50-1200. The capillary 

and cone voltage in the positive ion mode were set at 3.0 kV and 40 V, respectively. In the 
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negative ion detection mode, the cone voltage was changed to -40 V, while set the same 

capillary voltage with the positive ion mode. The desolvation gas was set to 600 l/h at a 

temperature of 300 °C; the cone gas was adjusted to 50 l/h and the source temperature was 

120 °C (Want et al. 2013). A lock spray is necessary for accuracy. Leucine-encephalin (4 

ng/ml) was used for the positive and negative ion modes ([M + H]+= 556.2771 and [M + H]−= 

554.2615). The data were acquired in the continuous mode using MassLynx (Milford MA, 

US). 

2.7 Data processing and analysis  

UPLC-ESI-TOFMS data was processed by the Progenesis QI software (Newcastle, UK). The 

analysis process was sequentially performed, from alignment, peak picking to identification 

of lipids. Metabolites were identified by mainly referring to the Lipid Maps Database 

(www.lipidmaps.org) and the Human Metabolome Database (http://www.hmdb.ca/). Data 

sheets from Progenesis QI software were obtained and absolute intensities of all identified 

compounds were recalculated to relative abundances of lipid molecules. Pareto scaling was 

used for final statistical models. The data were processed by unsupervised principal 

component analysis (PCA) to obtain group clusters.  (OPLS-DA is often used in lieu of PLS-

DA to disentangle group predictive and group-unrelated variation in the measured data. In 

doing so, OPLS-DA constructs more parsimonious and easily interpretable models compared 

to PLS-DA (Worley and Powers 2013, 2016). Lipid molecules with the highest impact on the 

group clustering were identified in the variable importance (VIP)-plots (VIP≥1). Besides, 

unpaired Student's t-test (p<0.05) to the chemical shifts was also used to assess the 

significance of each metabolite. The metabolites in two groups which showed both VIP≥1 and 

p<0.05 were identified as significant difference. 

2.8 Statistical analysis  

ACCEPTED M
ANUSCRIP

T



 9 / 28 

 

Data are presented as the mean ± SD. A significance level of p < 0.05 was used for all tests. 

Differences between two means were assessed by unpaired and two-tailed Student's t-test. p 

values < 0.05 were considered statistically significant. 

 

3. Results  

3.1 Long-term alcohol administration induces variation of lipidome in PFC and striatum 

The lipid profiling of PFC and striatum, the two brain regions which are closely associated 

with alcohol addiction, was measured after the rats were administrated with alcohol for one 

year. The lipid mixtures were separated by liquid chromatography and the representative total 

ion current (TIC) chromatograms of both PFC and striatum were shown in Fig. 1. The marked 

peaks were major lipids categories identified through mass spectrometry, and the different 

lipids classes were observed in positive and negative ionization modes. Thus, differential 

lipids were analyzed and identified based on both ion modes. We observed that long-term 

alcohol exposure caused obvious differences in some peaks of TIC chromatograms, 

suggesting alcohol may significantly modify lipidomic profiles of brain. 

Fig. 1. The presentative TIC chromatograms obtained from PFC (A) and striatum (B) 

region of rats administrated with or without alcohol. The positive ion (ESI+) and negative 

ion (ESI-) were displayed in red and blue color, respectively.  

3.2 OPLS-DA model analysis of brain lipidomic changes caused by alcohol  

To identify lipidomics differences between water- and alcohol-treated rats, the supervised 

orthogonal partial least squares discriminant analysis (OPLS-DA) model was constructed to 

visualize the distribution of two groups. The score plots from OPLS-DA model of both brain 

regions displayed a clear differentiation between water- and alcohol-treated groups (Fig. 2A 

and 2B). The quality and effectiveness of the constructed model were evaluated using the 

goodness of fitness (R2) and the predictability (Q2). The R2 value of all models is more than 
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0.5, indicating good fitness. Thus, the variable importance (VIP) value of ≥1 was identified as 

the significant changed m/z mediating the clustering of groups. In PFC, 430 and 302 of m/z 

ratios were showed VIP≥1 in positive and negative ion mode, respectively (Fig. 2C). Among 

all detected m/z ratios in both modes, 380 of ratios in total were significant changed (p<0.05) 

in alcohol group in comparison to water group (Fig. 2D). In striatum tissue, 743 of m/z ratios, 

487 in positive ion detection mode and 256 in negative ion detection mode, were displayed 

VIP≥1 (Fig. 2E). The statistical analysis showed that alcohol administration caused 

significant changes in 243 of m/z ratios in stratum (Fig.2F). Collectively, these results 

suggested that some lipid metabolites in PFC and striatum regions were profoundly modified 

by long-term alcohol exposure.  

Fig. 2. Pattern recognition analysis reveals that chronic alcohol exposure causes 

significant changes in lipidome profiling of brain. (A and B) 3D OPLS-DA scores scatter 

plot displays significant difference of PFC (A) and striatum (B) between control and alcohol-

treated rats. The model parameters R2 shows variance and Q2 indicates the excellent quality of 

model. (C and E) S-plot illustrates the putative m/z ratio (VIP≥ 1, red color) responsible for 

the discrimination of control and alcohol-treated rats. (D and F) Volcano plot of mass features 

was constructed with x-axis presenting fold change (logarithms of alcohol-to-control ratios) 

and y-axis significance level (logarithms of p value). The significantly changed lipid species 

(p<0.05) were marked with color, and those metabolites without obvious change were shown 

in black dots. Red and blue color show the significantly increased and decreased lipids 

species in alcohol-treated rats, separately.  In PFC region, n=7 samples for control group and 

n=10 samples for alcohol-treated male rats. In striatum region, n=10 samples for control 

group and n=10 samples for alcohol-treated male rats. 

3.3 Chronic alcohol consumption causes marked alteration in lipid profiles of brain 

To determine alcohol-modified lipids, those m/z ratios with VIP≥1 and p<0.05 were 
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considered as significantly changed lipids induced by chronic alcohol exposure. The results 

showed that 110 lipids in PFC (Supplemental table 1) and 79 lipids in striatum were 

significantly altered in alcohol-treated rats in comparison to water-treated rats (Supplemental 

table 2). Among these distinguished lipids, 36 lipids were detected in both brain regions. Heat 

map displayed change degree of those altered lipids (Fig. 3A, Supplemental table 1 and table 

2). Overall, alcohol caused up-regulation of the majority of lipids in PFC and striatum. Except 

for LacCer (d34:0) that presented conversely change, all other distinguished lipids presented 

the similar modified trend with most of profoundly enhanced in response to alcohol. Notably, 

the significantly altered lipids included diacylglycerol (DG), phosphatidylserine (PS), 

phosphatidylcholine (PC), phosphatidylethanolamine (PE) and fatty acyls (FA) (Fig. 3B). 

Considering lipid class, all significantly modified lipids were classified into 5 groups, 

glycerophospholipid (GP), glycerolipid (GL), fatty acyls (FA), sphingolipids (SP) and sterol 

lipids (ST). The most modified lipids were PS, PC and PE, which are classified into GP, 

accounting for the most proportion of those modified lipids induced by alcohol. In addition, 

the other two major classes GL and FA exhibited 34% of total lipid groups in both brain 

regions (Fig.3C). Taken together, the similar modification of the lipids in PFC and striatum 

suggested that long-term alcohol consumption can result in universal disturbance to brain 

lipid metabolism.  

Fig. 3. Chronic alcohol modifies lipidome in the PFC and striatum.  (A) The heat maps 

show all profoundly modified lipid species (VIP ≥1, p < 0.05). The color bars represent the 

value of the log2-fold changed ratio of each lipid species. Statistical analysis for individual 

lipid species was performed based on the unpaired method. (B) The 10x10 dot plot shows the 

ratio of each lipids species among the total identified differential lipids species. (C) Pie chart 

displays the distribution of identified lipid species when classified into corresponding lipid 

class.  
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3.4 Endoplasmic reticulum may be the main organelle of chronic alcohol exposure  

ER is the main organelle that produces the bulk of structural phospholipids and cholesterol for 

cells. The major species of GP class, PC, PE, phosphatidylinositol (PI), PS and phosphatidic 

acid (PA), are mainly synthesized in ER (Röhrl and Stangl 2018; Volkmar et al. 2019; Yang, 

Lee, and Fairn 2018). Some species of SP and ST groups are also biosynthesized in ER. 

Except for ER, Golgi, plasma membrane and mitochondria are also responsible for the 

synthesis of some widely-distributed or organelle-specific lipids (Preissl et al. 2018). To 

determine what kind of organelle was the mostly affected by long-term alcohol exposure, the 

synthesized lipidomic profiling of PFC and striatum were analyzed in plasma membrane and 

different organelles, including ER, mitochondria and Golgi. All putative synthesized lipids 

were displayed in Fig. 4. Alcohol exposure activated the catalytic metabolism of lipids in 

analyzed organelles as well as in plasma membrane. Notably, most of profoundly 

distinguished lipids were traced back to ER-dependent synthetic pathway (Fig. 4A). However, 

less numbers lipids were influenced by alcohol in mitochondria, Golgi and plasma membrane 

(Fig. 4B-4D). Overall, these results indicate that long-term alcohol administration markedly 

affected lipid synthesis, especially those lipids produced by ER.      

Fig. 4. The classification of main site responsible for synthesizing identified differential 

lipids. The major sites for lipid synthesis include endoplasmic reticulum (A), mitochondria 

(B)，Golgi (C) and plasma membrane (D). In alcohol-treated groups, the relatively fold 

change of corresponding lipids species in both PFC (red) and striatum (blue) region was 

referred to the control group. Error bars represent the mean ± SD. * p≤ 0.05, ** p ≤ 0.01 and 

*** p ≤0.001, Student’s t-test.  

3.5 Chronic alcohol exposure significantly modifies lipid fatty acyl chain profiling 

Homeostasis of cellular membrane is pivotal for the maintenance of normal cell functions in 

the brain. Abnormal length of lipid fatty acyl chain, such as changed carbon length or 
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saturation degree, can impair neuronal functioning by modulating the lipid raft in membrane 

(Lesa 2003; Raghupathy et al. 2015). To systematically evaluate the influences of alcohol on 

lipidomic profiling, the pattern of fatty-acyl chain of diacyl-GPs and DG species were further 

analyzed. As shown in Fig. 5A, the fatty acyl chain was evidently remodeled by alcohol 

exposure, and the majority of modified GPs and DG in both PFC and striatum regions 

composed of 36 carbons or more total carbons. Notably, the increased length of fatty acyl 

chain contained more unsaturated bonds in alcohol-exposed rats (Fig. 5B). As the long-chain 

polyunsaturated phospholipids prefer to form highly organized lamellar microdomain 

membrane structures and determine the sensory neuronal cells (Paolo and Kim 2012; Wassall 

and Stillwell 2009), the increase of long-chain polyunsaturated phospholipids may participate 

neuropathological process caused by chronic alcohol exposure. 

Fig. 5. The alternation of lipid fatty acid composition induced by alcohol. (A) Relative 

variation of fatty acid carbon chain length both in PFC (red) and striatum (blue) region. (B) 

The total degree of unsaturation both in the PFC (Red) and striatum (blue) region.  Error bars 

represent the mean ± SD. * p ≤ 0.05, ** p ≤ 0.01 and *** p ≤0.001, Student’s t-test. 

 

 

4. Discussion 

Alcohol drinking causes serious health problems and long-time abuse even leads to 

irreversible alteration in brain structure and function (Kranzler and Soyka 2018; Rehm et al. 

2009). Particularly, PFC and striatum, two critical regions involving in cognitive function, are 

vulnerable to neurotoxic damage. (Johnson, O’Callaghan, and Miller 2002; Luikinga, Kim, 

and Perry 2018; Schmitz et al. 2017). So far, brain damage or degeneration has been widely 

found in the vast majority of chronic alcoholics; however, the underlying molecular 

neuropathology has not yet been fully determined. In this study, the effect of long-term 
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alcohol exposure on PFC and striatum were comprehensively analyzed by LC-MS/MS-based 

lipidomics approach. The results show that alcohol widely and profoundly alters the 

lipidomics of brain, displaying abnormal lipid accumulation in both detected brain regions.  

Among the widely modified lipidome, GP, GL and FA were observed the most preferentially 

modified lipids classes. Interestingly, the majority of those differentially modified lipids are 

involved in ER-related catalytic pathways, suggesting that chronic alcohol exposure imposes 

ER stress for the brain. Except for the abnormal accumulation of lipid species in cells, the 

enhanced length and unsaturation degree of carbon chain further augmented ER stress.  

Chronic ER stress indeed has ability to disturb intensity of membrane structures and also 

fundamental organelle functions, such as mitochondria, Golgi, nucleus (Fig. 6). To the best of 

our knowledge, this is the first report showing that chronic alcohol exposure significantly 

alters the lipidomic profile of PFC and striatum, which may underlie the potential 

pathogenesis of alcohol-related neurotoxicity and neuroplasticity. 

Fig. 6. A putative schematic model of chronic alcohol exposure-induced the disruption of 

cellular metabolism.   

Alcoholics with cognitive impairment often accompany with deficiency in both white matter 

and gray matter brain structure (Johnson et al. 2002). The correlation between the degree of 

brain atrophy and the rate of amount of consumed alcohol have been widely known; however, 

the exact neuropathological mechanism still remains unclear. Using the lipidomic analytical 

approaches, we revealed that some species belonging to GPs were significantly altered in both 

PFC and striatum of alcohol-exposed rats. GPs are the key components of membrane 

structure and their composition vary a lot among different cell types, organelles, and 

inner/outer membranes in mammalian mitochondria due to their divergent biological 

functions (De et al. 2018; Klaming et al. 2019). As GPs provide neural membranes with 

stability, fluidity and permeability, they are required for normal biological function of integral 
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membrane proteins, receptors, and ion-channels. Thinking above, our results suggest that 

chronic alcohol exposure may affect brain function possibly through altering GPs 

composition. In fact, alterations of GPs composition in neural membrane have been reported 

to involve in neurological disorders (Armbruster et al. 2008; Daisuke Hishikawa et al. 2014; 

Jiang et al. 2017). In addition, because myelin contains the highest content of GPs among the 

membranes of brain, we thus speculate that the majority changed GPs may lead to disruption 

of myelin fiber and even neuron injury.  

Most GPs are synthesized via two synthetic pathways called the Kennedy pathway and the 

cytidine diphosphate-diacylglycerol (CDP-DAG) pathways (Daisuke Hishikawa et al. 2014). 

In the CDP-DAG pathway, phospholipid synthesis strongly depends on phospholipid 

transport between ER and mitochondria as well as between the mitochondrial outer and inner 

membranes (Henry, Kohlwein, and Carman 2012; Tamura, Sesaki, and Endo 2014). 

Phosphatidic acid is the starting material for the synthesis of all other phospholipids and is 

mainly produced in two ways. Firstly, using glycerol-3-phosphate or dihydroxyacetone 

phosphate as material to generate PA catalyzing by an ER-resident enzyme (Osman, Voelker, 

and Langer 2011; Scharwey n.d.). Secondly, DG is phosphorylated to form PA by the DG 

kinase Dgk1 in the ER (Tamura et al. 2014). In this study, we found that long-term alcohol 

exposure significantly altered PA and PA-related phospholipids, suggesting that alcohol 

might activate lipogenesis-related enzymes and thus simulate the synthetic pathways of lipids, 

eventually causing the aberrant accumulation of lipids species.  

The maintenance of all aspects of fatty acids and lipid homeostasis are executed by ER, which 

is the hub organelle of protein and lipid synthesis, membrane biogenesis, xenobiotic 

detoxification as well as calcium homeostasis (Athenstaedt and Biomembrane 1997). Thus, 

the perturbation of ER homeostasis poses major challenges to lipid metabolism that ultimately 

can lead to ER stress and metabolic dysfunctions (Fu et al. 2011). In addition, the 
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transformation of saturated fatty acids to unsaturated fatty acids can promote ER stress and 

lipotoxicity in cells and animals (Fu, Watkins, and Hotamisligil 2012). ER stress activates 

inflammatory cascades, such as JNK/IKK/CREB pathways, boosts ROS generation and leads 

the overload of mitochondrial calcium storage (Flowers et al. 2008; Green and Olson 2011). 

The excessive oxidative stress in mitochondria triggers the opening of mitochondrial 

permeability transition pore and finally induce the collapse of mitochondrial membrane 

potential, activating the cell death related pathways (Fu et al. 2012).  In this study, alcohol 

exposure caused accumulation of long length of unsaturated lipids species, which might 

facilitate mitochondrial ROS production and further cell death. In fact, alcohol-induced ER 

stress and disruption of cellular protein homeostasis have been established as an important 

mechanism contributing to liver diseases. 

More interestingly, the enhanced lipids species especially GP displayed longer fatty acyl 

chain and higher unsaturation degree in the present study. Indeed, the increase number of 

double bonds is positively associated with the susceptibility of fatty acids to free radical 

damage. For example, the short length of carbon chain with one double bond 18:1n-9 is 

relatively more stable to the impairment of oxidative stress than the long length of carbon 

chain with 6 double bonds 22:6n-3. Various studies have shown that increased degree of fatty 

acid unsaturation boosts oxidative damage to lipids and proteins as well as the generation 

rates of mitochondrial superoxide (Angelova and Abramov 2018; Xia et al. 2018). Conversely, 

the lower double bond content leads to a lower sensitivity to oxidative induced lipid 

peroxidation. The process of lipid peroxidation damages not only the lipids but also tissue 

proteins and DNA through the final products-generated secondary radicals, such as 

malondialdehyde. This secondary damage has been widely demonstrated crucial for disease, 

such as aging (Pamplona et al. 2004). Therefore, we speculated that the high degree of 

unsaturated fatty acids may cause the brain DNA, proteins, lipids and even cell organelle, 
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such as mitochondria, more susceptible to alcohol-induced oxidative damage.  

In this study, alcohol-modified pattern of lipidomics in brain is consistent with recent reports. 

For instance, alcohol exposure upregulates the expression of acid sphingomyelinase 

(ASMase), which is capable to induce ER-stress and consequently activates the lipogenic 

pathways through synthesizing  ceramide (Pamplona et al. 2004). Ceramides make important 

contributions to cell membrane structure and exert diverse fundamental cellular process, 

including cell growth, proliferation, motility, adhesion, differentiation, senescence, and 

apoptosis (Fernandez et al. 2013). Increased ceramide can induce lipotoxicity and ER stress, 

which involves in the pathogenesis of several neurodegenerative diseases (Contreras et al. 

2014). Interestingly, among those modified lipids of alcohol-exposed brain, we noticed that 

ceramide level was up-regulated in PFC, suggesting that ER in brain might undergo the stress 

during alcohol exposure. Considering the significantly altered lipids, which are synthesized in 

ER, as well as the lipid patterns (Fig. 4), we speculated that long-term alcohol exposure may 

modify brain lipidomics through ER stress. Moreover, the altered lipidome profiling can 

interrupt the stability of cell membrane rafts or change the neuroplasticity, which may further 

damage the integrity of brain tissue and consequently cause cognitive impairment. Further 

research is needed to investigate which metabolic enzymes or the well-known ASMase 

mediate alcohol-induced dysfunction of lipidome profiling in brain. 

Collectively, by using lipidomics approach, we find that chronic alcohol exposure induces a 

profound alteration in the lipidome of PFC and striatum. Although the lipid landscape of the 

brain is complex and highly dynamic, specific lipid classes appear to be involved in alcohol-

induced neuropathology. The predominantly modified lipid species include PS, PC and PE, 

which are classified into GP. The availability of lipid profiles provides a new insight into the 

neurotoxicity caused by chronic alcohol exposure.  1 
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