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ABSTRACT

Background: Gestational alcohol exposure can contribute to fetal alcohol spectrum disorders 

(FASD), an array of cognitive, behavioral, and physical developmental impairments. Mammalian 

Target of Rapamycin (mTOR) plays a key role in regulating protein synthesis in response to neuronal 

activity, thereby modulating synaptic plasticity and long term memory formation in the brain. Based 

on our previous quantitative mass spectrometry proteomic studies, we hypothesized that gestational 

chronic binge alcohol exposure alters mTOR signaling and downstream pathways in the fetal 

hippocampus. Methods: Pregnant Sprague-Dawley rats were assigned to either a pair-fed control 

(PF-Cont) or a binge alcohol (Alcohol) treatment group. Alcohol dams were acclimatized via a once-

daily orogastric gavage of 4.5 g/kg alcohol (peak BAC, 216 mg/dl) from GD 5–10 and progressed to 

6 g/kg alcohol (peak BAC, 289 mg/dl) from GD 11–21. Pair-fed dams similarly received isocaloric 

maltose dextrin. Results: In the Alcohol group, following this exposure paradigm, fetal body weight 

and crown-rump length were decreased. The phosphorylation level of mTOR (P-mTOR) in the fetal 

hippocampus was decreased in the Alcohol group compared with controls. Alcohol exposure resulted 

in dysregulation of fetal hippocampal mTORC1 signaling, as evidenced by an increase in total 4E-

BP1 expression. Phosphorylation levels of 4E-BP1 and p70 S6K were also increased following 

alcohol exposure. P-mTOR and P-4E-BP1 were exclusively detected in the dentate gyrus and oriens 

layer of the fetal hippocampus, respectively. DEPTOR and RICTOR expression levels in the fetal 

hippocampus were increased, however RAPTOR was not altered by chronic binge alcohol exposure. 

Conclusion: We conclude that chronic binge alcohol exposure during pregnancy alters mTORC1 

signaling pathway in the fetal hippocampus. We conjecture that this dysregulation of mTOR protein 

expression, its activity, and downstream proteins may play a critical role in FASD neurobiological 

phenotypes. 

KEY WORDS: FASD, teratogen, alcohol, fetal, pregnancy
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INTRODUCTION

Gestational alcohol exposure may lead to Fetal Alcohol Spectrum Disorders (FASD), 

described as an array of cognitive, behavioral, and physical developmental disabilities (Riley and 

McGee, 2005, Sokol et al., 2003, Riley et al., 2011). A recent survey reported that 1 in 10 pregnant 

women consumed alcohol in the past month and that 1 in 33 women binge drink during pregnancy 

(Tan et al., 2015). In the United States, 2–5% of school-age children may be affected by FASD (May 

et al., 2018, Roozen et al., 2016). Alcohol-induced developmental deficits can be severe and may 

persist for a lifetime. Currently, there are no approved therapeutic drugs for treating individuals with 

FASD and the mechanisms underlying alcohol-mediated developmental damage remain poorly 

understood (Spohr and Steinhausen, 2008). 

Alcohol permeates across the placental and blood brain barriers (Burd et al., 2012), and the 

developing brain exhibits profound vulnerability across human and animal model FASD studies 

(Lebel et al., 2011, Archibald et al., 2001, Gautam et al., 2015). The hippocampus, a brain region 

associated with cognitive behavior, learning, and memory, has been ubiquitously described as a 

susceptible target to alcohol-induced teratogenesis, and its susceptibility may vary depending on 

exposure timing, dose, duration, and pattern (Ho et al., 1972, Gil-Mohapel et al., 2010, Dudek et al., 

2014, Kodituwakku, 2007, Savage et al., 2002). Alcohol exposure during hippocampal development 

has been shown to alter hippocampal synaptic plasticity (Bhattacharya et al., 2015, Sutherland et al., 

1997, Medina, 2011, Fontaine et al., 2016), synaptic activity (Kajimoto et al., 2016, Krawczyk et al., 

2016), cellular morphology (Berman and Hannigan, 2000, Ramos et al., 2002), gene expression, and 

DNA methylation (Chen et al., 2013, Chater-Diehl et al., 2016). We have previously reported that 

gestational chronic binge alcohol exposure alters hippocampal amino acid concentrations and 

proteomic profile (Lunde-Young et al., 2018, Davis-Anderson et al., 2018), and from this work we 

have identified hippocampal mammalian target of rapamycin (mTOR) pathways as distinctly 

vulnerable to dysregulation following gestational alcohol exposure (Davis-Anderson et al., 2018).

mTOR is a serine/threonine kinase that controls many physiological functions, including cell 

growth, proliferation, survival, and homeostasis through multi-protein signaling complexes by 

integrating extracellular and intracellular signals (Sarbassov et al., 2005, Hoeffer and Klann, 2010). A
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mTOR resides in 2 complexes: mTORC1 [composed of mTOR, regulatory-associated protein of 

mTOR (RAPTOR), DEP-domain-containing mTOR-interacting protein (DEPTOR), mammalian lethal 

with Sec13 protein 8 (mLST8), and proline-rich AKT substrate 40kDa (PRAS40)] and mTORC2 

[composed of mTOR, rapamycin-insensitive companion of mTOR (RICTOR), DEPTOR, mLST8, 

mammalian stress-activated MAPK-interacting protein 1 (mSin1), and Proctor] (Loewith et al., 2002, 

Peterson et al., 2009). mTORC1 phosphorylates eukaryotic initiation factor 4E (eIF4E)-binding 

protein 1 (4E-BP1) and p70 ribosomal S6 Kinase (p70 S6K) to initiate protein synthesis, whereas 

mTORC2 phosphorylates AKT to promote cell survival (Qin et al., 2016, Sarbassov et al., 2005). 

During brain development, mTOR signaling pathways play crucial roles in mediating neuronal 

differentiation, growth, and proliferation, as well as in maintaining stem and progenitor cell 

populations (Easley et al., 2010, Cloetta et al., 2013, Romine et al., 2015, Meng et al., 2018, Lee, 

2015). Dysregulation of mTOR and its downstream signaling molecules have been shown to disrupt 

critical brain developmental processes and have been associated with many learning disabilities 

(Ehninger et al., 2009, Lee, 2015). Collectively, these studies implicate plausible role(s) for the 

mTOR system in the developing brain. Recent studies revealed that acute administration of alcohol in 

non-pregnant adult mice altered hippocampal mTOR signaling pathways (Xing and Zou, 2018), and 

that binge alcohol exposure led to mTOR inhibition in the cerebellum and cerebral cortex of non-

pregnant adult mice (Wang et al., 2018). Although mTOR has been recognized as a regulatory 

molecule and its signaling pathways have been mapped in brain development, the effect of alcohol on 

hippocampal mTOR signaling in the context of FASD remains largely unknown. The purpose of the 

study herein was to discern how alcohol may affect fetal hippocampal mTOR signaling in order to 

further elucidate FASD hippocampal effects. We hypothesized that gestational chronic binge alcohol 

exposure will dysregulate mTOR level/activity and disrupt the activity of proteins within its 

associated systems, mTORC1 and mTORC2, as well as its related downstream pathways in the fetal 

hippocampus.

MATERIALS & METHODS

Animals
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All experimental procedures were in accordance with National Institutes of Health guidelines 

(NIH Publication No. 85–23, revised 1996) and approved by the Institutional Animal Care and Use 

Committee at Texas A&M University. Timed-pregnant Sprague Dawley rats purchased from Charles 

River (Wilmington, MA) were housed in a temperature-controlled room (23℃) with a 12:12-hour 

light–dark cycle. Animals were assigned to either a pair-fed control (PF-Cont) group (n=5 dams) or a 

binge alcohol treatment (Alcohol) group (n=5 dams) on gestational day (GD) 4. Alcohol group 

animals were acclimatized via a once-daily orogastric gavage of 4.5 g/kg (22.5% wt/v) ethanol [peak 

blood alcohol concentration (BAC), 216 mg/dl] from GD 5–10, and progressed to 6.0 g/kg (28.5% 

wt/v) ethanol (peak BAC, 289 mg/dl) from GD 11–21(Davis-Anderson et al., 2018, Subramanian et 

al., 2014). The exposure paradigm utilized in this study is modeled after alcohol consumption patterns 

in pregnant women and is commonly utilized to study FASD phenotypes in animal models (Caetano 

et al., 2006, Church and Gerkin, 1988, Cudd et al., 2002, Thomas et al., 2008, Thomas et al., 2010). 

All animals were weighed prior to the start of the study, and each Alcohol group animal was yoked 

with a PF-Cont group animal of similar weight for the duration of the study. The PF-Cont group 

animals received isocalorically matched (50% wt/v) maltose dextrin once-daily on each exposure day 

to account for calories that the Alcohol group received from ethanol. The Alcohol group animal 

received ad libitum diet and the daily feed intake was measured. The PF-Cont group animal was fed 

the same amount of diet consumed by the Alcohol group animal.

 Fetal brain and hippocampal isolation

On GD 21, four hours after the last alcohol exposure, animals were sacrificed and fetuses were 

carefully separated. Each fetus was weighed and crown-rump length was measured. Fetal whole 

brains were extracted under a dissection microscope via craniotomy and serially washed in cold 

phosphate buffered saline (PBS). For immunoblotting, one male and one female pups from each dam 

were randomly selected from a similar position in the uterine horn, brains were dissected, meninges 

were removed, and hippocampi were micro-dissected in ice-cold HEPES buffer. Individual samples 

were then flash frozen and stored at -80℃ until immunoblot analyses. For immunohistochemistry, 

fetal whole brain embedding was performed in optimal cutting temperature compound (OCT) (Sakura 

Finetek, Torrance, CA) and cryopreserved for immunofluorescence. A
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Immunoblotting

Hippocampal tissues were lysed in ice-cold RIPA buffer, pH 7.5 (Cell Signaling 

Technologies, Danvers, MA) supplemented with a protease inhibitor cocktail (cOmplete Mini, Roche 

Applied Biosciences). The lysates were centrifuged at 10,000 xg for 10 min at 4℃ and the 

supernatants were collected. Total protein concentrations were determined using the Bradford method 

and a BCA assay kit (Thermo Scientific, Rockford, IL). The protein samples (20 μg) were separated 

on 4~20% Tris–HEPES polyacrylamide gels (Bio-Rad, Hercules, CA) by electrophoresis. The 

separated proteins were transferred onto PVDF membranes (Immobilon-P; Millipore, Bellerica, MA). 

The membranes were blocked with 5% BSA in 0.01 M PBS (pH 7.4) and 0.05% Tween-20 (TPBS) 

for 1 hour at room temperature. Subsequently, the membranes were probed with one of the following 

primary antibodies (Cell signaling, Danvers, MA) overnight at 4°C: Phospho-mTOR (Ser2448) 

(1:1,000; #2971), mTOR (1:1,000; #4517), Phospho-4E-BP1 (Thr37/46) (1:1,000; #2855), 4E-BP1 

(1:1,000; #9644), Phospho-p70S6K (Thr389) (1:1,000; #9234), P70S6K (1:1,000; #9202), DEPTOR 

(1:1,000; #11816), RAPTOR (1:1,000; #2280), RICTOR (1:1,000; #2114), and β-actin (1:5,000; 

#4967). We used one replicate for each protein of interest. The membranes were then incubated with a 

secondary antibody conjugated to horseradish peroxidase for 1 h at room temperature. The immune 

complexes were detected by chemiluminescent substrate (Thermo Scientific, Rockford, IL). 

Densitometry analysis was performed with AzureSpot software (Azure Biosystems, Dublin, CA).

Immunofluorescence

Fetal brains were sectioned at 8 μm in a coronal plane using a Leica CM1860 cryostat (Leica 

Biosystems, Buffalo Grove, IL). Sections were fixed with ice-cold methanol (30 min, -20℃) and 

rinsed in PBS, incubated in 10% normal serum (60 min), followed by incubation with Phospho-

mTOR (Ser2448) (1:250; #2971), or Phospho-4E-BP1 (Thr37/46) (1:250; #2855) primary antibody 

overnight at 4°C in a humidified chamber. The sections were further incubated with goat anti-rabbit 

IgG secondary antibody (Alexa Fluor 488, #A11008; Invitrogen, Carlsbad, CA) for 60 min at room 

temperature. Nuclei were stained with DAPI (ProLong Gold antifade, #P36931; Invitrogen, Carlsbad, 

CA). Digital images were captured using an Olympus BX63 stereomicroscope equipped with U-
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HGLGPS fluorescent light source, ORCA-Flash 4.0 LT digital camera (HAMAMATSU, Japan), and 

Olympus cellSens Dimension 1.16 software (Olympus, Japan).

Statistics

The effects of alcohol exposure on maternal and fetal body weight and crown-rump length 

were analyzed by two-tailed Student’s t-test. Since a sex effect was not observed for mTOR (example, 

P-mTOR, sex effect, P = 0.4116; total mTOR, sex effect, P = 0.4481) utilizing two-way ANOVA 

with Bonferroni’s multiple comparisons test, the two columns were collapsed. This finding is 

supported by our previous study, where a sex effect was not observed for hippocampal mTOR 

signaling utilizing mass spectrometry-based proteomic approaches following chronic binge alcohol 

exposure (Davis-Anderson et al., 2018). Immunoblotting data for the expression levels of different 

proteins were analyzed utilizing two-tailed Student’s t-tests between PF-Cont and Alcohol groups. All 

data are presented as mean ± SEM. Significance was established a priori at P < 0.05.

RESULTS

Maternal body weight in the Alcohol group was not different from that in the PF-Cont group 

(Fig. 1A). Fetal growth was significantly restricted in the Alcohol group. The fetal body weight was 

significantly lower (P = 0.0155) in the Alcohol group compared to the PF-Cont group, an 

approximately 19% reduction in weight (Fig. 1B). The fetal crown-rump length was also significantly 

lower (P = 0.0324) in the Alcohol group compared to the PF-Cont group (Fig. 1C). 

We analyzed the effect of gestational chronic binge alcohol exposure on mTOR protein 

expression in the fetal hippocampus. Immunoblot analysis showed that the phosphorylation level of 

mTOR (P-mTOR) was significantly lower (↓ 25.2%; P = 0.0038) in fetal hippocampi from the 

Alcohol group compared to those from the PF-Cont group (Fig. 2A). There was no difference in total 

mTOR expression between the PF-Cont and Alcohol groups (Fig. 2B). We then imaged for the 

presence of activated mTOR (P-mTOR) using immunofluorescence microscopy. Immunofluorescence 

imaging (Fig. 2C) demonstrated that P-mTOR was detected exclusively in the granule cells of the 

dentate gyrus of the fetal hippocampus in both PF-Cont and Alcohol groups. Collectively, these 

findings suggest that mTOR phosphorylation in the fetal hippocampus decreases following gestational 

chronic binge alcohol exposure.A
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To determine if gestational chronic binge alcohol dysregulates mTOR signaling, we analyzed 

the abundance levels of downstream molecules within this signaling pathway. The phosphorylation 

level of 4E-BP1 (P-4E-BP1) was significantly higher (↑ 41%; P = 0.0156) in the fetal hippocampi 

from the Alcohol group compared to that of the PF-Cont group (Fig. 3A). Hippocampal total 4E-BP1 

expression was also significantly elevated (↑ 20%; P = 0.0251) in the Alcohol group compared to that 

of the PF-Cont group (Fig. 3B). Immunofluorescence imaging of the fetal hippocampus (Fig. 3C) 

demonstrated that P-4E-BP1 was detected in the oriens layer of the cornu ammonis (CA) field in both 

groups. The hippocampal phosphorylation of p70 S6K (P-p70 S6K) was significantly higher (↑ 57%; 

P = 0.0383) in the Alcohol group compared to that of the PF-Cont group (Fig. 3D). There was no 

difference in total p70 S6K levels between the PF-Cont and Alcohol groups (Fig. 3E). 

To investigate the effect of gestational chronic binge alcohol exposure on mTOR complexes, 

we analyzed hippocampal levels of DEPTOR, RAPTOR, and RICTOR (Fig. 4). Quantitative analysis 

showed that the expression levels of DEPTOR and RICTOR were higher in the Alcohol group 

compared to those of PF-Cont group (DEPTOR, ↑ 19.9%; P = 0.0349 and RICTOR, ↑ 34.6%; P = 

0.0192). The RAPTOR expression level was not different between the PF-Cont and Alcohol groups.

DISCUSSION

To our knowledge, this is the first investigation of alcohol’s effects on fetal hippocampal 

mTOR signaling following a gestational chronic binge exposure paradigm. Three findings can be 

gleaned from this study: gestational chronic binge alcohol exposure 1) dysregulates the fetal 

hippocampal mTOR system, 2) has an impact on mTORC1 signaling, which plays essential roles in 

brain development, and 3) alters the proteins that complex with hippocampal mTOR, whose functions 

have also been implicated in brain developmental processes (Fig. 5). Collectively, these findings 

suggest that gestational chronic binge alcohol exposure alters mTORC1 signaling, activity indices, 

and related downstream pathways in the fetal hippocampus, and these alcohol-induced alterations 

may contribute to hippocampal FASD pathogenesis.

Alcohol dysregulates fetal hippocampal mTOR 
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 It is widely accepted that mTOR is a critical regulator of cell growth, proliferation, and 

homeostasis via the modulation of protein synthesis (Sarbassov et al., 2005, Hoeffer and Klann, 2010) 

and that mTOR is activated during memory formation through several brain areas, including the 

hippocampus proper and the dentate gyrus (Bekinschtein et al., 2007, Macias et al., 2013, Giovannini 

et al., 2015). Therefore, the regulation of hippocampal protein synthesis is a major control step in 

synaptic plasticity and memory formation (Graber et al., 2013, Bekinschtein et al., 2007).  Recent 

studies demonstrated that alcohol administration in juvenile rats and adult mice induced memory 

deficits, and also showed that alcohol administration resulted in decreased mTOR phosphorylation 

and apoptosis in hippocampal neuronal cells (Yang et al., 2017, Xing and Zou, 2018, Wang et al., 

2018). In alignment with these reports, our data also showed that fetal hippocampal mTOR 

phosphorylation is decreased following a gestational chronic binge alcohol exposure paradigm. 

Interestingly, we observed that phosphorylated mTOR was expressed in the fetal hippocampal dentate 

gyrus.

Alcohol has an impact on mTORC1 signaling pathway 

mTOR signals through two distinct multi-protein complexes known as mTORC1 and 

mTORC2. mTORC1 plays a pivotal role in mediating synthesis of synaptic proteins and is involved in 

normal neurocognitive development associated with learning and memory. The dysregulation of 

mTORC1 has been reported in various neuronal disorders (Neasta et al., 2014, Hoeffer and Klann, 

2010). mTORC2 plays integral roles in iron transport, cell survival and growth, and cytoskeletal 

remodeling (Loewith et al., 2002, Hoeffer and Klann, 2010). mTORC1 regulates two critical 

components of translation initiation machinery: 4E-BP1and p70 S6K (Sarbassov et al., 2005). 

Activation of mTORC1 induces phosphorylation of 4E-BP1 and p70 S6K, which subsequently 

promotes an initiation of protein synthesis (Klann and Dever, 2004, Ma and Blenis, 2009). We found 

that gestational chronic binge alcohol exposure increased phosphorylation of 4E-BP1 and p70 S6K in 

the fetal hippocampus. This aligns with previous work reporting that binge alcohol exposure increased 

the levels of 4E-BP1 and p70 S6K phosphorylation in adult mouse and rat brains (Neasta et al., 2010). 

Interestingly, we observed an increase in total 4E-BP1 expression in response to our alcohol exposure 

paradigm. 4E-BP1 functions as a protein synthesis repressor by binding to eIF4E and its activity is 

regulated by mTORC1 signaling (Graber et al., 2013, Showkat et al., 2014). Overall, increased A
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activity of 4E-BP1 is associated with decreased protein translation levels (Hay and Sonenberg, 2004). 

The expression of phosphorylated 4E-BP1 protein was also observed in the fetal hippocampal dentate 

gyrus. To date, the mechanism by which alcohol impairs mTOR activity is poorly defined. Alteration 

of the mTORC1 pathway via an increase in total 4E-BP1 expression and phosphorylation of 4E-BP1 

and p70 S6K may be implicated in alcohol-induced hippocampal neuropathogenesis. 

Alcohol alters the proteins that complex with hippocampal mTOR 

mTOR complexes form with multiple mTOR-interacting proteins, however the exact function 

of many of these proteins still remains elusive. DEPTOR functions as an inhibitor of both mTORC1 

and mTORC2. DEPTOR and mTOR interact and regulate each other via a negative feedback loop 

(Peterson et al., 2009). Depletion of DEPTOR activates mTOR signaling and induces cell growth and 

survival, but overexpression of DEPTOR inhibits mTORC1 signaling in different cancer cell types 

(Catena and Fanciulli, 2017). Our data demonstrate that gestational chronic binge alcohol exposure 

increased the expression of DEPTOR in the fetal hippocampus. Therefore, the increased DEPTOR 

expression observed here could inhibit the mTORC1 signaling following our alcohol exposure 

paradigm (Peterson et al., 2009, Catena and Fanciulli, 2017). RAPTOR functions as a scaffold protein 

specific to mTORC1 and may affect mTORC1 activity by recruiting and interacting with substrates 

for mTOR, such as 4E-BP1 and p70 S6K (Hara et al., 2002). In the current study, RAPTOR 

expression in the fetal hippocampus was not altered, even though mTORC1 signaling was impacted 

by gestational chronic binge alcohol exposure. RICTOR is specific to mTORC2 and is required for 

regulating cell survival and the cell cycle (Sarbassov et al., 2005). It has been reported that alcohol 

may increase mTORC2 activity by elevating the level of RICTOR expression in mouse muscle cells 

(Hong-Brown et al., 2011). We also observed increased RICTOR expression in the fetal hippocampus 

in response to chronic binge alcohol exposure.

Perspectives and significance 

The effect of alcohol on the hippocampal mTOR signaling in the context of FASD remains 

largely unknown. Although we report deficits in fetal body weight and length, we did not examine 

facial dysmorphology and neuroanatomic/structural deficits. We utilized an established gestational 

chronic binge alcohol exposure paradigm to discern how alcohol impacts the fetal hippocampal A
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mTOR signaling system in order to further elucidate FASD hippocampal pathogenesis. Based on our 

results, we conclude that gestational chronic binge alcohol exposure alters mTOR signaling, its 

activity indices, and related downstream pathways in the fetal hippocampus. These findings are 

corroborated by other reports; altered activity of mTOR and its downstream molecules may impact 

development of brain (Lee, 2015), skeletal system (McCarthy et al., 2013, Luo et al., 2017), and 

muscles (Lang et al., 2009, Steiner and Lang, 2015).  Future studies are warranted to determine the 

mechanism(s) underlying alcohol-induced dysregulation of hippocampal mTOR signaling and how 

this relates to fetal hippocampal neurodevelopment in the context of FASD, which in turn may 

facilitate development of targeted pharmacological therapeutic strategies for FASD.
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FIGURE LEGENDS

Fig. 1. Effect of gestational chronic binge alcohol exposure on fetal development. Maternal body 

weight, fetal body weight, and fetal crown-rump length were measured on GD 21. (A) Maternal body 

weight was not different between the pair-fed control (PF-Cont) and Alcohol groups (P = 0.2886). (B) 

Fetal body weight (P = 0.0155) and (C) fetal crown-rump length (P = 0.0324) were significantly 

decreased following gestational alcohol exposure. Data are shown as mean ± SEM. *, Significance 

was established a priori at P < 0.05.

Fig. 2. Effect of gestational chronic binge alcohol exposure on fetal hippocampal mTOR. (A) 

Immunoblot analysis showed that gestational chronic binge alcohol exposure significantly decreased 

(↓ 25.2%; P = 0.0038) P-mTOR levels in the fetal hippocampi. (B) Total mTOR expression was not 

different between groups. Data are shown as mean ± SEM.*, Significance was established a priori at 

P < 0.05. (C) Representative immunofluorescence staining shows P-mTOR was expressed in the fetal 

dentate gyrus (DG) region. FI, fimbria.

Fig. 3. Effect of gestational chronic binge alcohol exposure on mTORC1 signaling in the fetal 

hippocampus. Immunoblot analysis showed that gestational chronic binge alcohol exposure 

significantly increased (A) P-4E-BP1 level (↑ 41%; P = 0.0156) and (B) total 4E-BP1 expression (↑ 

20%; P = 0.0251) in the fetal hippocampi. (C) Immunofluorescence staining shows that P-4E-BP1 

was expressed in the oriens layer (OL) of the fetal hippocampus and the representative image shows 

CA3 field near fimbria (FI). (D) Gestational alcohol exposure significantly increased (↑ 57%; P = 

0.0383) the level of P-p70 S6K, whereas (E) total p70 S6K expression was not different between 

groups. Data are shown as mean ± SEM and as fold of control. *, Significance was established a 

priori at P < 0.05. 

Fig. 4. Effect of gestational chronic binge alcohol exposure on the proteins that complex with 

hippocampal mTOR. Immunoblot analysis showed that gestational chronic binge alcohol exposure A
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significantly increased (A) DEPTOR expression (↑ 19.9%; P = 0.0349), but (B) had no effect on 

RAPTOR expression. (C) RICTOR expression was significantly increased (↑ 34.6%; P = 0.0192) by 

alcohol exposure. DEPTOR, RAPTOR, and RICTOR proteins were normalized to β-actin and were 

expressed relative to PF-Cont. Data are shown as mean ± SEM. *, Significance was established a 

priori at P < 0.05. 

Fig. 5. Schematic representation: Chronic binge alcohol exposure during pregnancy alters mTOR 

system in rat fetal hippocampus. The phosphorylation level of mTOR (P-mTOR) in the fetal 

hippocampus was decreased in the Alcohol group compared with controls. Alcohol exposure resulted 

in dysregulation of fetal hippocampal mTORC1 signaling, as evidenced by an increase in total 4E-

BP1 expression. Phosphorylation levels of 4E-BP1 and p70 S6K were also increased following 

alcohol exposure. DEPTOR and RICTOR (not shown) expression levels in the fetal hippocampus 

were increased, however RAPTOR was not altered by chronic binge alcohol exposure.
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