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Chapter 1: A Review on How Chronic Intermittent Ethanol Exposure May 

Differentially Affect the Rat Dorsal and Ventral Hippocampus with Sex 

Differences 

Summary 

Alcohol (ethanol) abuse is a very prevalent socioeconomic problem.  Ethanol 

abuse is attributable to a significant number of preventable deaths and creates a 

significant economic burden.  Studies examining the effects of chronic 

intermittent ethanol (CIE) in rodent models have shown that long-term 

potentiation (LTP) is inhibited in the hippocampus and that withdrawal can induce 

hyperexcitability in the CA1 region of the hippocampus.  Many studies show that 

CIE typically induces an increase in anxiety-like behavior.  Recent studies have 

shown that the dorsal hippocampus (DHC) and ventral hippocampus (VHC) are 

distinct structures and that the VHC is associated with anxiety.  It is possible that 

the anxiety-like behaviors that are induced by withdrawal after CIE treatment are 

due in part to changes in the VHC.   Additionally, females have been shown to 

resist development of these CIE induced changes.  Thus, it would be interesting 

to determine the neurobiological cause of this difference by examining the DHC 

and VHC in a female rat CIE model. 

The problem of ethanol abuse 

Ethanol abuse is a considerable national and worldwide socioeconomic problem.  

According to the CDC, ethanol use and misuse were responsible for 88,000 

deaths in 2010 nationally (Centers for Disease Control and Prevention 2013).  
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This is fourth in the top preventable causes of death in the United States 

(Mokdad 2004).  There are sex differences in the national number of deaths 

related to alcohol; 62,000 men, and 26,000 women die from causes that are 

attributable to ethanol use or misuse (Centers for Disease Control and 

Prevention 2013).  Over 15 million individuals, including 9.8 million men and 5.3 

million women, in the United States, had alcohol use disorder (AUD) in 2015 

(SAMHSA 2014).  On a global perspective, 3.3 million people died of causes 

related to ethanol; that’s nearly six percent of all global deaths (World Health 

Organization 2014).  From a national economic standpoint, in 2010 excessive 

drinking cost 249 billion dollars and the majority of this cost is linked to binge 

drinking (Sacks et al. 2010).  Thus, there is an urgent need to understand the 

underlying neurobiological mechanisms of ethanol abuse, as well as its effects, 

to better develop prevention and treatment tools.   

What is AUD? 

According to the DSM-5, AUD is diagnosed based on 11 criteria that include 

problems with alcohol-seeking behavior, negative affect, and tolerance 

(American Psychiatric Association, 2013).  Based on these criteria a person is 

categorized as having mild, moderate, or severe if they meet 2-3, 4-5, or 6-11 of 

these criteria (American Psychiatric Association, 2013).  Several review papers 

have primarily described AUD, as well as other substance abuse disorders, by a 

compulsory need to become intoxicated to alleviate a negative affective state 

during withdrawal.  This cycle of withdrawal, negative affective state, and 

prolonged intoxication, also a hallmark of dependence, is one of the current 
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explanations for relapse in dependent individuals (Koob 2003, Koob 2003, Heilig 

et al. 2010, Koob and Le Moal 2008, Koob and Volkow 2010).  Increased anxiety 

is one of the symptoms of this negative affective state during withdrawal and is 

thought to be a driving factor contributing to relapse (Heilig et al. 2010).  This 

relationship between anxiety and AUD has been of particular interest to our lab.  

The concept is that an individual with a preexisting anxiety disorder is more 

prone to developing AUD and vice versa (Butler et al. 2016).  The National 

Epidemiologic Survey on Alcohol and Related Conditions III found high 

comorbidity between AUD and other psychological disorders; including 

depression and anxiety (Grant et al. 2015).  Those with anxiety typically show 

accelerated development of dependence compared to people without anxiety 

(Kushner et al. 2011).  Additionally, patients with an anxiety disorder are more 

likely to relapse and treatment is more problematic (Kushner et al. 2005).  In light 

of this evidence of comorbidity between anxiety and other negative affective 

behaviors with AUD, we utilize rat models to simulate dependence and anxiety-

like behaviors.        

Studying ethanol abuse with a chronic intermittent ethanol exposure model 

Our lab studies AUD using behavioral and electrophysiological techniques in a 

rat model.  We can induce ethanol dependence in rats to observe behavioral 

effects during intoxication and withdrawal.  Ex vivo electrophysiology allows us to 

examine synaptic adaptations in ethanol-treated animals.   The rat has proven to 

be an effective model for studying ethanol abuse, and many studies have shown 

that ethanol dependence can be studied via behavioral and electrophysiological 
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techniques (Aufrere, Le Bourhis and Beauge 1997, Durand and Carlen 1984, 

Givens and McMahon 1995, Macey et al. 1996).  A primarily effective method for 

inducing ethanol dependence in rats is by vaporizing the ethanol and passing it 

through a sealed housing chamber (Aufrere, Le Bourhis, and Beauge 1997).  

This non-contingent method is used because rats are not known to voluntarily 

self-administer enough alcohol to develop dependence (Vendruscolo and 

Roberts 2014).  The ethanol vapor is pumped into the chambers for a fixed 

period and then shut off for a fixed period to create the intermittent exposure.  

This method is known as chronic intermittent ethanol (CIE) exposure.   

Studies have shown that this CIE protocol will result in dependence on liquid 

ethanol upon removal from the chambers (Aufrere, Le Bourhis, and Beauge 

1997).  Behavioral and electrophysiological studies have shown that observable 

withdrawal symptoms will manifest following chronic exposure to ethanol (Durand 

and Carlen 1984, Givens and McMahon 1995, Macey et al. 1996).  An early 

study examined the formation of dependence on ethanol in rats using liquid and 

vapor administration and found that that chronic ethanol exposure, both liquid 

and vapor, produced withdrawal symptoms 4-48 hours after cessation of ethanol 

treatment (Macey et al. 1996).  In comparison between the administration 

methods, the vapor chambers induced a higher peak in the severity of the 

withdrawal symptoms compared to ethanol in liquid form (Macey et al. 1996).  

This was likely due to the higher blood ethanol concentrations achieved by 

inhalation of ethanol vapors (Macey et al. 1996).  The study showed that these 

withdrawal symptoms and their severity are time-related to the duration of CIE 
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exposure (Macey et al. 1996).  The liquid ethanol diet produced withdrawal 

symptoms that were more transient than those produced by vapor chambers 

(Macey et al. 1996).  A study by Kimbrough et al. 2017 examined the use of 

intermittent and chronic access ethanol models to induce excessive drinking in 

rats after CIE treatment.  The study showed that intermittent access to ethanol 

via a two-bottle choice method led to an accelerated increase in drinking 

behavior vs. continuous access (Kimbrough et al. 2017).  However, both 

methods reached the same level of drinking within eight weeks (Kimbrough et al. 

2017).  These studies show that ethanol exposure, including CIE treatment, is an 

effective method to induce dependence for observation of behavioral effects in a 

rat model. They also show how the cycle of administration and periods of 

intoxication are critical to create the best model of dependence in animals. 

The effects of ethanol on the hippocampus: evidence from human imaging 

studies 

The hippocampus has been well-studied in alcohol research.  The hippocampus 

is a very structured and well-characterized brain region (Purves et al 2001).  

Thus, many early electrophysiological studies to characterize long-term 

potentiation in brain circuits were in the hippocampus (Purves et al. 2001).  The 

well-known characterization and structure of the hippocampus makes it ideal for 

preliminary studies examining the effects of ethanol on the brain. 

Chronic ethanol use has profound effects on the human hippocampus.  Some 

studies utilizing magnetic resonance imaging found that a primary overall change 

is a reduction in hippocampus volume in chronic ethanol users (Beresford et al. 
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2006, Sullivan et al. 2003, Hoefer et al. 2014).  Interestingly post-traumatic stress 

disorder patients share a similar shrinkage of the hippocampus with ethanol-

dependent patients; one of the many shared deficits between AUD and PTSD 

(Gilpin and Weiner 2017).  A study examining adolescent patients with AUD 

found that the adolescent hippocampus may be more sensitive to AUD related 

reductions in volume (De Bellis et al. 2000, Medina et al. 2006, Nagel et al. 

2005).  While there is a large body of evidence supporting the relationship 

between hippocampal volume loss and AUD, it is not yet clear if it is a result of a 

primarily neurotoxic effect on the hippocampus or a higher vulnerability to AUD 

(Wilson et al. 2017).  There is evidence that shows even moderate drinking, a 

level below what is considered dangerous, can produce deficits in the 

hippocampus (Topiwala et al. 2017).  These studies show that there is a large 

body of evidence that the hippocampus is sensitive to the effects of ethanol and 

highlights why it is a focus in ethanol research.        

Ethanol-induced synaptic changes in the hippocampus: evidence from 

animal models 

With regard to synaptic transmission, ethanol alters glutamatergic and 

GABAergic synaptic transmission (Roberto and Verodayan 2017).  Acutely, 

ethanol reduces ionotropic glutamate receptor mediated neuronal excitability 

(Roberto and Verodayan 2017).  When administered chronically, ethanol 

increases ionotropic mediated synaptic excitability; it is thought that this mediates 

the hyperexcitable state that is associated with ethanol withdrawal (Roberto and 

Verodayan 2017).  Following withdrawal from chronic ethanol treatment, rats 
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showed an increase in glutamate release (Dahchour and De Witte 1999).  The 

effects of acute ethanol on metabotropic glutamate receptors are thought to be 

minimal; however, the direct physiological effects of this are unclear (Roberto 

and Verodayan 2017).  Chronic ethanol exposure will enhance metabotropic 

glutamate receptor function (Robrto and Verodayan 2017).  One study found that 

following withdrawal from chronic intermittent ethanol treatment hippocampal 

slices showed a reduction in GABAa receptor inhibition, which is the result of a 

GABAa receptor subunit switch (Cagetti et al. 2003).  This reduction in GABAa 

receptor function is thought to be related to increases in anxiety seen in 

individuals in withdrawal (Cagetti et al. 2003).  This evidence outlines how 

alterations in the glutamatergic and GABAergic systems occur in response to 

ethanol exposure, to increase or decrease synaptic excitability in chronic and 

acute ethanol exposure respectively.   

Focusing in on circuits within the hippocampus, studies of neuroadaptations 

induced by chronic intermittent ethanol exposure include synaptic changes in the 

CA1 region of the hippocampus.   One particular group examined synaptic 

changes that occur in the rat hippocampus using electrophysiological methods 

following acute withdrawal (Nelson, Ur, Gruol 1999).  Specifically, this study 

showed that in slices withdrawn from ethanol for 30-60 minutes, two weeks of 

CIE induced a reduction in synaptic responses in the CA1 pyramidal layer of the 

hippocampus (Nelson, Ur, Gruol 1999).  Further studies showed enhancement of 

NMDA mediated synaptic responses and higher expression of the NMDA 

receptor within the CA1 region of the hippocampus at day seven, but not day one 
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of ethanol withdrawal (Nelson, UR, and Gruol 2005).  An early study found that 

chronic ethanol treatment in rats increased excitability in the CA1 region of the 

hippocampus after withdrawal (Rogers and Hunter 1992).  These studies outline 

how acute withdraw from CIE results in inhibition of synaptic plasticity and how 

extended withdrawal results in an increase in excitability.   

Many studies have examined some of these CIE induced neurobiological 

changes using electrophysiological techniques in animal models.  They show that 

long-term potentiation in the hippocampus is affected by acute and chronic 

ethanol administration.  LTP is the persistent strengthening of synapses and has 

been extensively studied in the mammalian hippocampus (Purves et al. 2001).  

Due to the structural arrangement of neurons in the hippocampus, the circuits 

remain intact following slice preparation (Purves et al. 2001).  Many early 

electrophysiological studies to characterize the effects of ethanol used LTP 

experiments.    One early electrophysiological study, in which rats were fed an 

ethanol infused diet, showed that LTP was attenuated in the hippocampus 

following administration but not in a two month withdrawal group (Durand and 

Carlen 1984).  There were no observable behavioral withdrawal symptoms in this 

study (Durand and Carlen 1984).  They concluded that this was because the 

non-withdrawal group had not undergone abstinence long enough and the 

withdrawal group had had enough time to recover (Durand and Carlen 1984).  An 

in vivo study showed that acute ethanol administration by intra peritoneal 

injection inhibited the production of LTP, but not the retrieval or maintenance of 

already formed memories (Givens and McMahon 1995).  A study by Roberto et 
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al. 2002, found that CIE induced LTP depression is reversible.  They found that 

paired tetanic facilitation is reduced and LTP is not observed in rats that were 

treated with two weeks of CIE with no withdrawal from ethanol (Roberto et al. 

2002).  The deficit persisted through one day of withdrawal (Roberto et al. 2002).  

Continued withdrawal produces a recovery from the CIE induced deficit.  They 

concluded that the reduction in post tetanic potentiation was caused by a 

reduction in transmitter release (Roberto et al. 2002).  Further supporting this 

they showed that paired pulse facilitation was also reduced in the CA1 region of 

the hippocampus (Roberto et al. 2002).  Between one to five days of withdrawal, 

some recovery was observed (Roberto et al. 2002).  At five days of withdrawal, 

the CIE treated animals were comparable to the controls (Roberto et al. 2002).    

These studies outline the general synaptic changes that occur in the 

hippocampus, specifically the CA1 region, in rat models.  They show that the 

neuro-adaptive changes that take place following CIE treatment can vary 

depending on the exposure and the duration of withdrawal. 

Effects of ethanol on the molecular level within the hippocampus 

Some of the more recent studies have examined some of the underlying 

molecular alterations responsible for the CIE induced neuro-adaptations within 

the hippocampus. The study by Peris et al. 1997 examined the effects of chronic 

ethanol exposure on GABA receptors in the hippocampus. They found that 

induction of LTP in the hippocampus could be reduced in chronic ethanol treated 

rats by a downregulation of the GABAb autoreceptor (Peris et al. 1997).  The 

study also found that chronic ethanol treatment resulted in an increase in binding 
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to the GABAa receptor; which causes a decrease in induction of LTP (Peris et al. 

1997).  The results from the study showed that chronic ethanol treatment 

resulted in pre and postsynaptic alterations in GABA neurotransmission (Peris et 

al. 1997).  In a study examining CIE induced inhibition of LTP in the CA1 region 

of the hippocampus found that attenuation of the MAP kinase pathway is 

involved (Roberto et al. 2003).  The study showed that using high-frequency 

stimulation in the CA1 region of the rat hippocampus resulted in an increase in 

activation of p44 and p42 MAPKs by western blot assays post 

electrophysiological recordings (Roberto et al. 2003).  CIE treated rats did not 

show an increase in MAPK activation (Roberto et al. 2003).  The CIE treated 

animals also showed reduced post-tetanic potentiation was reduced and LTP 

was attenuated in CIE treated animals (Roberto et al. 2003).  The attenuation of 

MAPK activation persisted up to five days of withdrawal (Roberto et al. 2003).  A 

study by Lovinger, White, and Weight 1989 found that Ethanol inhibits NMDA 

activated ion current in the hippocampus.  These studies show how the reduction 

in LTP production after CIE treatment is due in part to alterations in the GABA 

receptors, NMDA receptors, and MAP kinases.   

Distinctions between the dorsal and ventral hippocampus: evidence from 

hippocampal lesion experiments 

Some more recent studies have shown that the dorsal (DHC) and ventral (VHC) 

hippocampus are functionally distinct in rodent and nonhuman primates 

(Bannerman et al. 2002, 2003, Zhang et al. 2004, McHugh 2014, Strange et al. 

2014).  This would have potentially important ramifications for the understanding 
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of how CIE treatment affects the hippocampus in the rat brain and how these 

changes are responsible for some of the observable behavioral changes.  Thus, 

examining CIE in rats under the context of differences in dorsal and ventral 

hippocampal effects could yield promising results.   

The study by Bannerman et al. 2002, examined DHC/VHC differences by 

lesioning the brain structures separately and the study found that the ventral 

hippocampus is not necessary for spatial learning while the DHC is required 

(Bannerman et al. 2002).  In contrast, they found that VHC lesions did reduce 

anxiety and lesions of the DHC did not (Bannerman et al. 2002).  A later study by 

Bannerman et al. 2003, examined ventral hippocampus in rats by creating 

lesions.  They then used behavioral assays to determine differences in the rat’s 

ability to learn (Bannerman et al. 2003).  The results further supported the 

concept that the VHC is involved with fear and anxiety behaviors (Bannerman et 

al. 2003).  A study by Zhang et al. 2004, further examined dorsal and ventral 

differences in the hippocampus.  The results of this study were mostly in line with 

those of previous studies examining functional differences in the dorsal and 

ventral hippocampus (Zhang et al. 2004).  A study by McHugh et al. 2014, 

examined differences in lesioning the ventral hippocampus and the amygdala.  

The results showed that the behavioral effects of ventral hippocampal vs. 

amygdala lesions were distinct (McHugh et al. 2014).  This indicates that the 

contributions of each of these structures to anxiety-like behaviors are distinct.   

As previously discussed, studies show that the ventral hippocampus is highly 

implicated to be required for anxiety-related behaviors.   Later studies built on 
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this concept to show that the anxiety related behaviors which ventral 

hippocampus is thought to be responsible for involves connections with the 

amygdala and the prefrontal cortex (Felix-Ortz et al. 2013, Padilla-Coreano et al. 

2016).  The study by Felix-Ortz et al. 2013, examined connections between the 

basolateral amygdala (BLA) and the ventral hippocampus.  This study was 

unique in that this group used optogenetic methods to directly and specifically 

stimulate or inhibit the ventral hippocampus (Felix-Ortz et al. 2013).  They found 

that when the projections from the BLA to the ventral hippocampus are bilaterally 

inhibited, there is a reduction in anxiety-related behaviors (Felix-Ortz et al. 2013).  

When the same projections were stimulated, anxiety-related behaviors increased 

(Felix-Ortz et al. 2013).  This is a particularly important study since they are able 

to show that direct and specific stimulation of these circuits can activate the 

ventral hippocampus.  Another study looking at a projection from the VHC to the 

medial prefrontal cortex found that this circuit mediates anxiety-like behavior, 

further implicating the VHC as having a significant role in anxiety-like behavior in 

rodents (Padilla-Coreano et al. 2016).  Clearly, there is strong evidence that that 

the DHC and VHC are functionally district structures of the HPC.  Due to the 

association the VHC has with anxiety, and the relationship between AUD and 

anxiety, examination of the VHC in ethanol-dependent models could yield 

interesting results.     
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Distinctions between the dorsal and ventral hippocampus: evidence from 

molecular studies   

Some of the more recent studies examining differences in the dorsal and ventral 

hippocampus have looked at some of the underlying molecular differences to 

ascertain the mechanisms that are driving this DHC/VHC difference (Babiec et al. 

2017, Follessa and Ticku 1994).  The recent study by Babiec et al. 2017 

examined differences the dorsal and ventral hippocampus at the receptor level.  

They show that the dorsal/ventral hippocampal differences are in part due to pre 

and postsynaptic functional differences in the CA1 region of the hippocampus 

(Babiec et al. 2017).  In the ventral hippocampus activation of small conductance, 

calcium-activated potassium channels suppress NMDAR activation with is 

required for LTP (Babiec et al. 2017).  An early study by Follesa and Ticku 1994, 

examined how chronic intermittent ethanol exposure alters NMDA receptor 

subunits.  They found that CIE caused an increase in mRNA expression for the 

R2A and R2B subunits of the NMDA receptor in the hippocampus and cortex 

(Follesa and Ticku 1994).  The expression peaked at 9 hours of withdrawal, 

remained above control at 24 hours, and returned to control level at 48 hours 

(Follesa and Ticku 1994).  These studies show strong support that the VHC and 

DHC are functionally distinct; with the VHC being specifically associated with 

anxiety-related behaviors and memory formation.      

Sex differences in the effects of ethanol  

MRI studies in humans have shown that females are more sensitive to brain 

volume reduction than men (Hommer, Mormenan, and Kaiser 2001, Hommer 
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2003).  There is also evidence that suggests that females have a faster response 

to ethanol (Glenn et al. 1988, Mann et al. 2004).  However, there is also evidence 

that there are no sex differences with regard to brain volume in abstaining 

alcoholics (Demirakca et al. 2011).  Some other recent studies were not able to 

replicate the presence of a telescoped effect of ethanol on females (Keyes et al. 

2010).  So the general body of evidence shows that there are mixed results 

concerning sex differences in the effects of ethanol in humans.   

There have not been many studies examining sex differences in CIE treated 

animals.  In animal models, some studies have shown that females may be more 

resistant than males to developing the various behavioral adaptations induced by 

CIE treatment and excessive drinking after CIE treatment (Jury et al. 2017, 

Morales, McGinnis and McCool 2014).  A study by Jury et al. 2017, found that 

female mice were resistant to developing the anxiety-like behaviors that the 

males developed following CIE.  There was no sex difference in the acute effects 

of ethanol on anxiety-like behavior (Jury et al. 2017).  Another study showed that 

females were less sensitive to long-lasting effects of adolescent ethanol 

exposure compared to males (Varlinskaya and Spear 2015).  A study by 

Morales, McGinnis and McCool 2014 examined sex differences in CIE treated 

rats.  In this study, CIE treatment resulted in anxiety-like behavior in males and 

females in an elevated plus maze assay (Morales, McGinnis and McCool 2014).  

They showed that males but not females will increase their drinking over time 

and that CIE enhances consumption of ethanol in male but not female rats 

(Morales, McGinnis and McCool 2014).  A study by Barker et al. 2017 found that 
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adult female rats were less sensitive to developing habit forming behavior 

following intermittent ethanol exposure compared to males.  Interestingly they 

found the reverse pattern in adolescent female and male rats (Barker et al. 

2017).  Another study by Baxter-Potter et al. 2017 found that CIE treatment leads 

to alterations in mesocorticolimbic cytokine expression and that females are less 

sensitive to these changes.  These studies outline that there are important sex 

differences in CIE treated mice and rats.  As there have been very few studies 

examining the effects of CIE on females compared to males, it is important that 

future studies continue to examine female models to further determine the extent 

of sex differences to the effects of ethanol.    

What is next? 

In conclusion, it seems that currently, it would be important to examine CIE 

effects on the dorsal and ventral hippocampal in the rat model.  Additionally, it 

would be interesting to examine sex differences in the effects of CIE treatment 

further.  The reported literature in this review shows that there are clear 

distinctions between the functionality of the dorsal and ventral hippocampus. 

They show that the ventral hippocampus is related to likely necessary for anxiety-

like behaviors.  Thus, it is possible that the anxiety-like behaviors induced by 

withdrawal after CIE treatment in rats are due at least in part to changes in the 

ventral hippocampus and not the dorsal hippocampus.  Therefore, 

electrophysiological studies exploring this would be interesting to pursue.  

Additionally, as female rats seem to be less sensitive to developing anxiety-like 

behaviors after withdrawal from CIE treatment, it would also be interesting to 
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examine any sex differences in the ventral hippocampus after CIE treatment.  

This would determine if the same electrophysiological changes that are related to 

anxiety-like behaviors in males are also present in females.  It would also 

determine and if the absence of such changes is responsible for the resistance to 

the development of anxiety-like behaviors in females.   We hypothesize that 

female adult rats will show either no increases in anxiety-like behavior or only a 

modest increase.  We hypothesize that female adult rat hippocampal slices will 

show either no increase in excitability or only a modest increase.  We 

hypothesize that if an increase in hippocampal excitability is present, it will be 

more pronounced in the ventral hippocampus.    
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Chapter 2: Sex Differences in Chronic Intermittent Ethanol Exposure: 

Effects on Hippocampal Synaptic Excitability and Negative Affective 

Behavior 

James Morgan, Sarah Sizer, Sarah Ewin, Ann Chappell, Alexandra 

Baldassaro, Jeff Weiner 

Department of Physiology and Pharmacology, Wake Forest School of 

Medicine 

Abstract  

Chronic intermittent ethanol (CIE) treatment is known to produce changes in 

synaptic plasticity and excitability in animal models.  Data from our lab suggests 

that withdrawal from CIE exposure induces an increase in anxiety-like behavior 

and an increase in hippocampal excitability in male rats.  We also found that this 

increase in excitability is largely restricted to the ventral domain of the 

hippocampus (VHC).  Although relatively few studies have examined the effects 

of CIE in females, emerging evidence suggests that they may be less sensitive to 

CIE treatment.  Here we sought to test the hypotheses that CIE would have less 

effect on negative affective behaviors in female rats and little or no increase in 

hippocampal excitability, with any increase in excitability being greater in the 

VHC than the dorsal hippocampus (DHC).  Adult female Long Evans rats 

underwent a 10-12 day CIE protocol, followed by 24-48 hours of withdrawal.  At 

which point electrophysiological or behavioral testing was conducted. 

Surprisingly, CIE led to an overall decrease in hippocampal excitability, and this 
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change was largely restricted to the VHC, with a modest increase in excitably in 

the DHC.  CIE led to an increase in anxiety-like behavior on the alley test and an 

increase in depressive-like behavior on the forced swim test.  The initial findings 

from these ongoing studies suggest that there may be profound sex differences 

associated with some of the maladaptive behavioral and neurophysiological 

adaptations promoted by CIE.  Additional studies will be needed to unravel the 

neurobiological mechanisms associated with these sexually dimorphic 

alterations.  
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Introduction 

Alcohol use and misuse creates a substantial socioeconomic burden on a global 

scale.  Almost six percent of all preventable, global deaths were in some way 

attributable to alcohol use or misuse (World Health Organization 2014).  In the 

United States alone excessive drinking cost 249 billion dollars in lost productivity, 

healthcare, crime, and other costs (Sacks 2015).  According to a report by the 

surgeon general, almost 67 million people reported binge drinking in the past 

month and over 17 million reported to have drunk heavily within the past month 

(Substance Abuse and Mental Health Services Administration 2016).   A report 

by the National Highway Traffic Safety Administration showed that almost 10,000 

people were killed in motor vehicle collisions while under the influence of alcohol 

(National Highway Traffic Safety Administration 2014).  According to the CDC, 

2,200 people die from alcohol poisoning every year (Centers for Disease Control 

and Prevention 2015).      

The DSM-5 defines Alcohol Use Disorder (AUD) based on 11 criteria; with the 

severity of AUD based on the number of criteria met, including problems with 

alcohol-seeking behavior, negative affect, and tolerance (American Psychiatric 

Association, 2013).  AUD is characterized by a compulsory need to become 

intoxicated to alleviate a negative affective state during withdrawal, which is a 

hallmark of dependence.  This cycle of withdrawal, negative affective state, and 

prolonged intoxication, also a hallmark of dependence, is one of the current 

explanations for relapse in dependent individuals (Koob 2003a, Koob 2003b, 
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Heilig et al. 2010, Koob and Le Moal 2008, Koob and Volkow 2010).  Increased 

anxiety is a major element of this negative affective state during withdrawal and 

is thought to be a driving factor in relapse (Heilig et al. 2010.  This relationship 

between anxiety and alcohol use disorder has been of particular interest to our 

lab.  The interest is based on extensive epidemiological data linking anxiety 

disorders and AUD.  A report by the National Epidemiologic Survey on Alcohol 

and Related Conditions III found high comorbidity between AUD and other 

psychological disorders including depression and anxiety (Grant et al. 2015).  

Patients with an anxiety disorder are more likely to develop AUD at a faster rate 

and are more likely to relapse (Kushner et al. 2005, Kushner et al. 2011).     

The Chronic Intermittent Ethanol (CIE) model has proven to be an effective 

method for modeling dependence in animal studies as it has been shown to 

induce behavioral signs of dependence and withdrawal symptoms (Macey et al. 

1996).  This method involves pumping ethanol vapor into a sealed chamber in 

which the animal cage is placed (Aufrere, Le Bourhis, and Beauge 1997).   

The neuroadaptations that result from CIE have been broadly studied.  Many of 

the earlier studies examining the effects of CIE have focused on the 

hippocampus, via electrophysiological methods.  The hippocampus is a very 

structured and well-characterized brain region; thus, many early 

electrophysiological studies to characterize long-term potentiation (LTP) were in 

the hippocampus (Purves et al. 2001).  Compared to other brain regions, 

electrophysiology in the hippocampus is easier because of this characteristic.  In 

other brain regions, many of the neurons are intermingled, and it is more difficult 
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to interpret results in field electrophysiology.    One of the changes induced by 

CIE treatment includes an enhancement of NMDA mediated synaptic plasticity 

and an increase in NMDA receptors within the CA1 region (Nelson, UR, and 

Gruol 2005).  Data from our lab shows that excitability within the hippocampus is 

increased following CIE treatment in male rats (manuscript in preparation)   

There is a large body of evidence that shows that the DHC and the ventral 

hippocampus VHC are functionally district structures; with the DHC involved with 

spatial related learning and the VHC involved with anxiety related learning 

(Bannerman et al. 2002, 2003, Zhang et al. 2004, McHugh 2014).  Another paper 

showed that a projection from the basolateral amygdala (BLA) to the VHC is a 

mechanism for the role that the VHC plays in anxiety (Felix-Ortiz 2013).  A paper 

by our lab showed that socially isolated rats exhibited an increase in anxiety-like 

behavior and an increase in hippocampal excitability that was more pronounced 

in the VHC than the DHC (Almonte et al. 2017).  Our ongoing CIE studies in male 

rats, to our knowledge, are the first to examine DHC/VHC differences.  Upon 

examining DHC/VHC differences, we found that CIE-associated increases in 

hippocampal excitability are more pronounced in the VHC of male rats. 

Many studies examining the effects of CIE have exclusively used male animals 

and very few, by comparison, have used female animals.  Some studies that 

have examined CIE in females have found that females are potentially less 

sensitive to alterations induced by CIE treatment (Jury et al. 2017, Morales, 

McGinnis and McCool 2014, Barker et al. 2017, Baxter-Potter et al. 2017, 

Morales et al. 2018).     
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The purpose of this study is to use electrophysiological and behavioral 

techniques to determine if indeed female rats are less sensitive to the behavioral 

and neurobiological changes induced by CIE treatment.  We hypothesize that 

female adult rats will show either no increases in anxiety-like behavior or only a 

modest increase.  We hypothesize that female adult rat hippocampal slices will 

show either no increase in excitability or only a modest increase.  We 

hypothesize that if an increase in hippocampal excitability is present, it will be 

more pronounced in the ventral hippocampus.    
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Methods 

Animals  

Female Long Evans rats were purchased from Envigo, IN and arrived at 175-

225g.  All animals were singly housed in clear cages (25.4 cm x 45.7 cm) and 

provided with food ad libitum.  All animals were maintained on a reverse 12 hour 

light cycle with lights off at 9:00 am and lights on at 9:00 pm.  Upon arrival, each 

animal was weighed and handled for a few minutes each morning.  Cage 

changes for AIR control animals were performed once a week.  While the CIE 

treated animals were undergoing treatment, cage changes were performed once 

per day, after the vapor chambers shut off.  Animal care procedures were carried 

out in accordance with NIH Guide for the Care and Use of Laboratory Animals 

and were approved by the Wake Forest University Animal Care and Use 

Committee.    

CIE exposure protocol 

The CIE protocol was modified from (Morales, McGuiness, McCool 2015).  

Animals were allowed to acclimate for five days after arrival.  At the start of CIE, 

animals were placed in Plexiglas chambers (Triad Plastics, Winston-Salem, NC).  

The flow of the ethanol into the chambers was adjusted to attain BEC levels of 

175-225 mg/dl.  BECs were determined by plasma from whole bloods taken from 

tail bleeds.  An alcohol dehydrogenase enzymatic kit was used to process 

plasma samples for BEC determination (Carolina liquid chemistries corporation, 

Brea, CA).  The samples were analyzed on a molecular devices spectra max 
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spectrophotometer.  The flow of ethanol vapor into the chambers was adjusted 

based on the BEC level.  BECs were taken approximately four times during the 

CIE period, or as many as were needed to maintain desirable BEC levels.  The 

ethanol vapor was set to run for 12 hours during the light cycle and shut off for 12 

hours during the animal’s dark cycle.  AIR was pumped into the chambers during 

the dark cycle.  Air control animals were only exposed to air. 

Elevated plus maze 

The EPM is a well-established test for anxiety-like behavior, as rats have a 

natural tendency to avoid illuminated, open areas in favor of darker, closed 

areas.  (Morales, McGinnis, and McCool 2015, Xiang 2011, Hogg 1996, 

Castagne 2011, Braun 2011, Beaudet et al., Bele et al. 216).  Flowing the ten-

day CIE protocol and approximately 24 hours of withdrawal animals were allowed 

to acclimate to the EPM room for 20 minutes.  The luminosity EPM open arms 

were verified to match at approximately 75 LUX. The EPM apparatus was 

elevated 72.3 cm from the floor, the arms 10.2 cm wide and 50.8 cm long.  The 

open arms had a 1.3 cm lip on both sides.  When the five-minute test was 

started, the animal was placed on the junction of the EPM.  The data was 

collected by MED-PC (Med associates) data acquisition hardware.  Anxiety-like 

behavior was assessed by the cumulative duration spent on the open arms and 

frequency of entries into the open arms.  Nonspecific locomotor activity was 

assessed by frequency of entries into the closed arms.   
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Elevated zero maze 

The E0M is a useful alternative to the EPM to examine anxiety-like behavior 

(Shepherd et al. 1994, Braun 2011, Kliethermes, Cronise, Crabbe 2004).  Like 

EPM this test is elevated, with open and closed arms, but it does not have a 

junction.  An overhead 73-watt bulb was used to illuminate E0M.  The animal was 

placed in the closed zone, and the five-minute trial was started.  The EPM was 

elevated 65 cm off the ground; the open areas were 14 cm wide, the closed 

areas were 11.5 cm wide (backlit zero maze-rat, med associates.  The diameter 

of the apparatus was 120 cm.  Ethovision data acquisition software was used to 

track the animal’s movement.   

Activity box 

The animals were placed in the center of activity boxes built by omnitech.  The 

activity boxes were housed in sound-attenuating cabinets by med associates.  

The activity boxes were illuminated with a 15-watt bulb.  The testing session 

lasted for 30 minutes.  The animal moment was determined by omitech data 

acquisition software.   

Light dark box 

The light/dark box (LDB) is also a proven assay to assess anxiety-like behavior 

(Kliethermes, Cronise, Crabbe 2004, Beaudet et all 2016, Bele 2016). The 

testing apparatus consisted of an activity box with a LDB insert.  The open area 

was illuminated by a 15-watt bulb.  The animals were placed in testing chambers 

in the light side, and the test session lasted for five minutes.    
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Successive alleys test 

The successive alleys test is a relatively new test to assess anxiety-like behavior 

(Deacon 2013, McHugh et al. 2004).  The testing apparatus was designed by our 

laboratory technician, Ann Chappell, and built by Triad Plastics, Winston-Salem, 

NC.  The alley test consisted of 4 zones that were each 41 cm long and 

progressively more narrow (black closed 13.9 cm wide, dark grey open 13.9 cm 

wide and a 2.5cm lip, light grey open 8.8 cm wide and a 1.2 cm lip, white open 5 

cm wide and a 0.5 cm lip. The animals were placed in the enclosed area of the 

alley test facing the back of the apparatus.  The 5-minute testing session was 

started, and the animal’s movement was determined by extroversion data 

acquisition software.  The room was illuminated by a 73-watt bulb pointed 

upwards.  The luminosity at the apparatus was 8 lux at the white zone, 6 lux at 

the light grey zone, 4 lux at the dark grey zone, 2 lux at the opening of the closed 

zone, and 0 lux at the back of the closed zone.   

Splash test 

The splash test has been proven as a useful test to assess depressive-like 

behavior (Wolfe et al. 2016, Surget 2008, Workman 2015).  The luminosity of the 

testing area was approximately 25 lux.  The animals were sprayed with a 10% 

sucrose solution while in their home cage and recorded with a video camera for 5 

minutes.  The animals were then later scored for latency to initiate grooming and 

total grooming time by a person blind to the condition of the animals.  
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Forced swim test 

The FST is also a proven assay for assessing depressive-like behavior (Wolfe et 

al. 2016, Workman 2015, Slattery and Cryan 2012, Bogdanova 2013, Estanislau 

2011).  The animals were placed into plastic cylinders filled with water 

approximately 23 +/- 2°C.  The animal was then recorded for 15 minutes during 

the first session at 24 hours withdrawal and 5 minutes at 48 hours of withdrawal.  

The animals were immediately dried and paced in a temporary holding cage on a 

heating pad.  The luminosity at the top of the cylinder was 25 LUX.  The animals 

were later scored for immobility, swimming, by ethovision software.  

Electrophysiology  

The electrophysiological protocols used were based on prior studies in our lab 

(Almonte et al. 2017).  The brains of each animal were removed following 

anesthesia with isoflurane and rapid decapitation.  The brains were kept in ice-

cold oxygenated cutting artificial cerebrospinal fluid (ACSF) (85mM NaCl, 1.25 

mM NaH2PO4, 25 mM NaHCO3, 10 mM D-Glucose, 75 mM sucrose, 3 mM KCl, 

7mM MgCl2, 0.5 mM CaCl2, and 0.6 mM ascorbate bubbled with 95% O2 and 

5% CO2.) for approximately 4 minutes prior to slicing and during slicing on a 

VT100S vibratome (Leica Microsystems).  The slices were taken at 400µm and 

transferred to oxygenated recording ACSF at room temperature.  All recordings 

began one hour after incubation in recording ACSF (125 mM NaCl, 1.25 mM 

NaH2PO4, 25 mM NaHCO3, 10 mM D-Glucose, 2.5 mM KCl, 1 mM MgCl2, and 

2 mM CaCl2 bubbled with 95% O2 and 5% CO2) and ended no later than 8 

hours after slicing was finished.  Slices were placed in a recording ACSF 
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perfusion chamber with a flow rate of 2ml/ minute.   A heater was used to 

maintain a temperature of 32°C (Warner Instruments TC-344C).  Bipolar 

stimulating electrodes were used to stimulate the Schaffer collaterals to elicit field 

excitatory postsynaptic potentials (fEPSP).  A recording electrode made from 

filamented borosilicate glass capillary tubes (inner diameter, 0.86 μm), pulled 

using a horizontal pipette puller (P-97; Sutter Instrument) and filled with 0.9 

percent saline, was used to record the response from Shaffer collateral to CA1 

region synapses of the hippocampus.  Input-output experiments were performed 

with stimulation intensities at 10, 20, 50, 100, 150, 200, 300, 500, and 700 µamps 

five times every 10 seconds at each stimulation intensity.  The paired-pulse ratio 

(PPR) and LTP experiments were performed at approximately 50 percent of the 

threshold stimulation intensity that produced a population spike.  The PPR 

experiments consisted of evoking a pair of fEPSPs at inter-stimulus intervals of 

15, 50, 75, 100, 200, 300, 400, and 500 ms with replicates of 5.  The LTP 

experiments consisted of obtaining a stable baseline for 30 minutes, followed by 

a 3 x theta train burst train to induce LTP.   The theta burst train consisted of 10 

stimulus bursts delivered at 5Hz, with each burst consisting of four pulses at 

100Hz, delivered three times with a 20-second inter-stimulus interval.  All 

recordings were acquired using an Axoclamp 2B amplifier or Multi clamp 700B, 

digitized (Digidata 1321A, 1440A; Molecular Devices) and analyzed on a 

computer running pClamp 10.4 software (Molecular Devices). 
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Statistical analysis  

Statistical analysis was performed using a t-test or two-way repeated measures 

ANOVA on sigma plot v13.  A p-value of P<0.05 was considered significant.   
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Results  

CIE treatment leads to no change in locomotor activity on the activity box. 

Following a ten-day CIE protocol and approximately 24 hours of withdrawal, CIE 

and AIR control animals were tested on the activity box (AIR: N=12 rats; CIE 

N=12 rats).  We did not observe a change in locomotor activity between groups. 

This was shown by no significant change in the distance moved, over five-minute 

time bins, during a 30-minute testing session Fig 1 (A).  

Figure 1 
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Figure 1: CIE leads to no change in locomotor activity on the activity box.  

Graph (A) shows the distance moved across 5-minute time bins for 30 minutes in 

cm.  This measure was not significantly different between groups (AIR: N=12; 

CIE: N=12).   
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CIE treatment leads to no change in anxiety-like behavior on the EPM.   

Following a ten-day CIE protocol and approximately 24 hours of withdrawal, CIE 

and AIR control animals were tested on the EPM.  We did not observe any 

change in anxiety-like behavior during testing as shown by: no change in open 

arm duration Fig 2 (A) (p=0.673) (AIR: N=8 rats, 48.3 s +/- 11.3; CIE: N=8 rats, 

41.3 s +/- 11.7), open arm entries (B) (p=0.577) (AIR: 3.88 s +/- 0.854; CIE: 3.75 

s +/- 0.881), and closed arm entries (C) (p=0.920) (AIR: 6.25 s +/- 0.701; CIE: 

6.75 s +/- 0.526).    

Figure 2 
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Figure 2:  CIE treatment leads to no change in anxiety-like behavior on the 

EPM.  Graph (A) shows the duration in the open arm in seconds.  Graph (B) 

shows the number of entries into the closed arms.  Graph (C) shows the number 

of entries into the open arms. These measures were not significantly different 

between groups.  (AIR: N=8 rats; CIE: N=8 rats).   
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CIE treatment leads to no change in anxiety-like behavior on the E0M.   

Following a ten-day CIE protocol and approximately 24 hours of withdrawal, CIE 

and AIR control animals were tested on the E0M (AIR: N=8 rats; CIE: N=8 rats).  

We did not observe a change in anxiety-like behavior between groups.  This was 

shown by Fig 3 no change in duration in open arm time (A) and no change in 

distance moved (B).  

Figure 3  
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Figure 3:  CIE treatment leads to no change in anxiety-like behavior on the 

E0M.  Graph (A) shows the duration in the open arms in seconds.  Graph (B) 

shows the distance moved in cm.   These measures were not significantly 

different between groups.  (AIR: N=8 rats; CIE N=8 rats) 

CIE treatment leads to no change in anxiety like behavior on the L/D box. 

Following a ten-day CIE protocol and approximately 24 hours of withdrawal, CIE 

and AIR animals were tested on the L/D box (AIR: N=4 rats; CIE N=4 rats) Fig 4.  

We did not observe a change in anxiety-like behavior.   This was shown by no 

significant change duration in the light zone (A), no change in the number of 
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entries to the light or dark zones (B,C), and no change in the latency to the dark 

zone (D).    However, the number of dark entries was trending in the direction of 

an increase in anxiety-like behavior with a reduction in the dark entries for the 

CIE treated groups (AIR: 18.5 +/- 4.03; CIE: 9.5 +/- 0.957; p=0.073) (B).  The 

latency to enter the dark zone was trending with CIE treated animals having a 

longer latency to enter the dark. (AIR: 11.3 s +/- 4.71; CIE 21.4 s +/- 4.48 

p=0.169) (D).   

Figure 4 
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Figure 4: CIE lead to no change in anxiety like behavior on the L/D box.  (A) 

Graph (A) shows the duration in the light zone in seconds.  Graphs (B and C) 



34 
 

show the number of entries into the dark and light zones respectively.  Graph (D) 

shows the latency to enter the dark zone in seconds.  These measures were not 

significantly different between groups.  (AIR: N=4 rats; CIE: N=4 rats) 

CIE treatment leads to a significant increase in anxiety-like behavior on the 

alley test.   

Following a 12-day CIE protocol and approximately 48 hours of withdrawal, CIE 

and AIR control animals were tested on the alley test (AIR: N=10 rats; CIE N=10 

rats) Fig 5.  While we did not observe a change in anxiety-like behavior on the 

duration in each zone (A), we did see a significant change in the latency to 

explore the first open zone (B) (AIR: 19.1 s +/- 5.69; CIE: 78.4 s +/- 27.9; 

p=0.026) 

Figure 5 
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Figure 5: CIE lead to a significant increase in anxiety like behavior on the 

alley test.  Graph (A) shows the cumulative duration in each zone in seconds; 

this measure was not different between groups.  Graph (B) shows the latency to 

enter the first open zone in seconds; this measure was significantly different 

* 
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between groups (AIR: 19.1 s +/- 5.69; CIE: 78.4 s +/- 27.91; p=0.026).  (AIR: 

N=10; CIE: N=10). 

CIE treatment leads to no significant change in depressive-like behavior on 

the splash test 

Following a 12-day CIE protocol and approximately 24 hours of withdrawal, CIE 

and AIR control animals were tested on the splash (AIR: N=10 rats; CIE N=10 

rats) Fig 6.  We did not observe a change in depressive- like behavior as shown 

by no differences in total grooming time (A) (AIR: 23.8 s +/- 5.64; CIE: 20.6 s +/- 

4.03) or latency to initiate grooming behavior during testing (B) (AIR: 115 s +/- 

26.7; CIE: 123 s +/- 27.6).   

Figure 6 
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Figure 6: CIE did not lead to a significant change in depressive like 

behavior on the splash test.  Graph (A) shows the latency to groom in 

seconds; this measure was not significantly different between groups.  Graph (B) 

shows the total grooming time in seconds; this measure was not significantly 

different between groups (AIR: N=10 rats; CIE: N=10 rats). 
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CIE treatment leads to an increase in depressive-like behavior on the FST 

Following approximately 48 hours of withdrawal, CIE and AIR control animals 

were tested on the FST for 5 minutes (AIR: N=10 rats; CIE N=10 rats) Fig 7.  

The CIE treated female rats showed a significant increase in depressive-like 

behavior; as shown by significant reductions in velocity, total distance moved, 

mobility, and movement.  Velocity in cm/s (AIR 4.29 cm/s +/- 0.229; CIE 3.60 

cm/s +/- 0.203 p=0.036) (A).  Distance moved in cm (AIR 1287 cm +/- 68.6 CIE 

1080 cm +/- 60.9 p=0.036) (B).  Immobility duration in seconds (AIR 75.1 s +/- 

13.5 CIE 128.9 s +/- 10.545 p= 0.006) (C).  Not moving in duration in seconds 

(AIR 51.9 s +/- 6.37, CIE 87.7 s +/- 13.1 p=0.024) (D).  Together these results 

show that CIE led to a significant increase in depressive like behavior.        
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Figure 7 
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Figure 7: CIE led to a significant increase in depressive-like behavior on the 

FST.  Graph (B) shows the velocity in cm/s; this measure was significantly 

different between groups (AIR 4.29 cm/s +/- 0.229; CIE 3.6 cm/s +/- 0.203 

p=0.036).  Graph (A) shows the distance moved in cm; this measure was 

significantly different between groups (AIR 1287 cm +/- 68.6 CIE 1080 cm +/- 

60.9 p=0.036).  Graph (C) shows immobility in seconds; this measure was 

significantly different between groups (AIR 75.1 s +/- 13.5 CIE 129 s +/- 10.5 p= 

0.006).  Graph (D) shows duration not moving in seconds; this measure was 

significantly different between groups (AIR 51.9 s +/- 6.371, CIE 87.7 s +/- 13.1 

p=0.024). 
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CIE treatment leads to a decrease in HPC excitability, primarily in the VHC, 

with an increase in excitability in the DHC.   

Following a ten-day CIE protocol and 24 hours of withdrawal, animals were 

sacrificed and brain slices were prepared for extracellular field electrophysiology 

(AIR: N=23 slices DHC and VHC, 7 animals; CIE: N=21 slices DHC and VHC, 8 

animals).  We recorded our responses from Schaffer collateral to CA1 region 

synapses.  We determined excitability by measuring fEPSPs in the input-output 

curve using increasing stimulus intensities.  In/Out experiments showed no 

change in overall excitability on either fEPSPs or fiber volley peak amplitude in 

DHC and VHC slices pooled Fig 8 (A, B).  Next we wanted to determine if the 

DHC and VHC were differentially sensitive to the effects of CIE treatment.    

Figure 8 
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Figure 8:  CIE led to no overall changes in hippocampal excitability.  (A, B) 

Graph (A) shows the peak amplitude of the FV; this measure was not 

significantly different between groups.  Graph (B) shows the slope of the fEPSP; 
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this measure was not significantly different between groups. (AIR: N=23 slices 

DHC and VHC, 7 animals; CIE: N=21 slices DHC and VHC, 8 animals)   

CIE treatment leads to a significant increase in presynaptic excitability in 

the DHC 

Upon examination of the DHC slices by a repeated measure two way ANOVA 

and a tukey post-hoc test (AIR N=10 slices 7 rats; CIE N=10 slices 8 rats), 

Figure 9, we found that there was a significant increase in presynaptic 

excitability in the CIE treated animals compared to the AIR control animals at the 

stimulus intensity of 700 µamps (A) (AIR: 0.800 mV +/- 0.057; CIE: 1.07 mV +/-

0.154, p=0.001), but no change in fEPSP slope (B).   
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Figure 9 
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Figure 9:  CIE led to an increase in presynaptic excitability in the DHC.  The 

FV peak amplitude in DHC slices as significantly increased in CIE treated slices 

compared to (A) AIR at 700 µamps (AIR: 0.800 mV +/- 0.057; CIE: 1.07 mV +/- 

0.154; p=0.001).   The fEPSP slope was not different between groups in DHC 

slices (B).  Graphs (C and D) show representative traces of recordings taken 

from DHC slices of AIR and CIE animals respectively.     

CIE leads to a robust decrease in excitability in the VHC 

Upon examination of the VHC slices by a repeated measure two way ANOVA 

and a tukey post-hoc test, (AIR N=13 slices, 7 rats; CIE N=11 slices 8 rats) we 

* 

DHC AIR DHC CIE 
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found that the VHC showed a significant decrease in excitability on both 

measures of fiber volley peak amplitude (A) at 500 µamps (AIR:0.786 mV +/-

0.0872; CIE 0.516 mV +/- 0.105; p=0.003) at 700  µamps (AIR: 1.00 mV +/- 

0.114; CIE: 0.677 mV +/- 0.138; p<0.001), and fEPSP (B) at 200 µamps (AIR: 

0.927 mV/ms +/- 0.128; CIE: 0.605 mV/ms +/- 0.116; p=0.049), 300 µamps (AIR: 

1.12 mV/ms +/- 0.136; CIE: 0.781 mV/ms +/- 0.125; p= 0.029), 500 µamps (AIR: 

1.33 mV/ms +/- 0.137; CIE: 0.982 mV/ms +/- 0.142; p=0.024), and 700 µamps 

(AIR:1.50 mV/ms +/- 0.156; CIE: 1.12 mV/ms +/- 0.148; p=0.014).  Together 

these results show that CIE leads to no overall change in hippocampal 

excitability, but an increase in DHC presynaptic excitability and a decrease in 

VHC excitability.  This was surprising, as it is the opposite of what was observed 

in a male CIE experiment (manuscript in preparation)  
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Figure 10 
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Figure 10: CIE led to a robust decrease in excitability in the VHC. The 

presynaptic primary afferent fiber volley of VHC slices was significantly 

decreased in the CIE group compared to AIR (A) at 500 µamps (AIR:0.786 mV 

+/- 0.087; CIE 0.516 mV +/- 0.105; p=0.003) at 700 µamps (AIR: 1.00 mV +/-

0.114; CIE: 0.677 mV +/- 0.138; p<0.001). The fEPSP slope was significantly 

decreased in VHC slices in the CIE group compared to AIR (B) at 200 µamps 

(AIR: 0.927 mV/ms +/- 0.128; CIE: 0.605 mV/ms +/- 0.116; p=0.049), 300 µamps 

(AIR: 1.12 mV/ms +/- 0.136; CIE: 0.781 mV/ms +/- 0.125; p= 0.029), 500 µamps 

(AIR: 1.33 mV/ms +/- 0.137; CIE: 0.982 mV/ms +/- 0.142; p=0.024), and 700 

µamps (AIR:1.50 mV/ms +/- 0.156; CIE: 1.12 mV/ms +/- 0.148; p=0.014). Graphs 
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(C and D) show representative traces of VHC recordings at 200 µamps from AIR 

and CIE rats respectively.   

CIE led to a reduction in PPR in the DHC.   

Following testing on the excitability of hippocampal slices, we assessed changes 

in synaptic plasticity by conducting PPR experiments at various inter-stimulus 

intervals.  Upon examination of the results by a repeated measure two way 

ANOVA and tukey post-hoc test, we found that while CIE treatment lead to no 

change in the PPR of all slices pooled (AIR: N=14-17 slices, 7 rats; CIE: N=13-

14, 8 rats) or in the VHC slices (AIR: N=8 slices, 6 rats; CIE: N=5-6 slices, 5 rats) 

Fig 11 (A, B).  There was a significant reduction in PPR in DHC slices (AIR: N=8-

9 slices, 7 rats; CIE: N=6-7 slices, 7 rats) (C) at 75ms (AIR: 1.80 +/- 0.050; CIE: 

1.63 +/- 0.065; p=0.008) and at 100ms (AIR: 1.69 +/- 0.043; CIE: 1.53 +/- 0.078; 

p=0.014).  This reduction in paired-pulse facilitation is consistent with an increase 

in release probability.   This would also be consistent with the increase in 

excitability observed in the DHC. 
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Figure 11 

A                                                    B 

Inter Simulus Interval (ms)

0 100 200 300 400 500 600

P
a
ir

e
d

 P
u

ls
e
 R

a
ti

o

1.0

1.2

1.4

1.6

1.8

2.0

AIR
CIE

Inter Stimulus Interval (ms)

0 100 200 300 400 500 600

P
a
ir

d
 P

u
ls

e
 R

a
ti

o

1.0

1.2

1.4

1.6

1.8

2.0
AIR DHC
CIE DHC

 

C 

Inter Stimulus Interval (ms)

0 100 200 300 400 500 600

P
a
ir

e
d

 P
u

ls
e
 R

a
ti

o

1.0

1.2

1.4

1.6

1.8

AIR VHC
CIE VHC

 

Figure 11:  CIE led to a decrease in PPR in the DHC.  (A) There was no 

difference between groups in PPR in DHC and VHC slices pooled together.  (B) 

The CIE treated group showed a significantly lower PPR compared to AIR at 

inter-stimulus intervals 75ms (AIR: 1.80 +/- 0.050; CIE: 1.63 +/- 0.065; p=0.008) 

and at 100ms (AIR: 1.69 +/- 0.043; CIE: 1.529 +/- 0.078; p=0.014).  (C) There 

was no difference between groups in the VHC slices.   
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CIE led to no change in LTP in hippocampal slices.   

Following PPR testing we acquired a stable baseline and induced LTP with 

3xTBS.  We observed no difference between the CIE and AIR treated groups on 

the normalized fEPSP slope during LTP as shown on Fig 12. 

Figure 12 
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Figure 12:  CIE led to no change in LTP.  Graphs (A, B, C) show the 

normalized fEPSP slope during baseline, initiation of TBS, and LTP.  There was 

no difference in LTP between groups in DHC and VHC slices pooled together or 

DHC and VHC slices alone.   

Blood Ethanol Concentrations 

The BECs for the behavioral cohorts averaged 156 mg/dl +/- 33.3.  The BECs for 

the electrophysiology cohorts averaged 189 mg/dl +/- 64.5.   
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Discussion  

Many prior studies have characterized the behavioral and neurobiological effects 

of the CIE model of ethanol dependence in male rats.  These studies have 

consistently shown that withdrawal following CIE results in robust increases in 

many measures of anxiety-like and depressive-like behavior.  Such studies also 

show that withdrawal from CIE causes increases in neuronal excitability in many 

brain regions, including the hippocampus of male rats.    Although much less is 

known about the effects of CIE in female rats, some recent work suggests that 

females may be less sensitive to the maladaptive behavioral and neurobiological 

adaptations associated with CIE. Here, we used a well-established CIE model of 

dependence in female rats to determine if females are less sensitive to the 

behavioral and hippocampal alterations induced by CIE.  Our findings revealed 

that female rats may be less sensitive to the anxiogenic, but not depressive-like 

effects of CIE.  Moreover, we also discovered marked sex differences in CIE-

associated synaptic adaptations in the ventral and dorsal sub regions of the 

hippocampus. Collectively, these studies add to the body of growing evidence of 

sexual dimorphism of the effects of ethanol.   

Assays that are designed to test for changes in anxiety-like behavior, such as the 

EPM, have been well validated pharmacologically.  It is also important to note the 

alterations in stress hormones that are associated with tests for anxiety-like 

behavior.  For example, the exposure to the EPM will result in elevated plasma 

corticosterone levels in rats compared to home cage control rats (File et al 1994).  

Additionally, confinement to the open vs the closed arm of the EPM results in 
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significantly higher plasma corticosterone levels in rats confined to the open arm 

(Pellow et al 1985).  

To control for potential locomotor effects altering other behavioral tests, we 

tested for changes in locomotor activity using the activity box.  This was to 

ensure that any potential change in activity was not due to lethargy.  Data from 

the activity box suggests that CIE treatment and 24 hours of withdrawal does not 

alter locomotor activity in female adult rats.  Data in male rats also showed no 

change in locomotor activity at this withdrawal time point.  One group did show 

an increase in locomotor activity; however, this was after 7-9 hours of withdrawal 

and a home cage sized container was used (Slawecki and Roth 2004). The lack 

of a change in locomotor activity in our study shows that there was no locomotor 

effect altering our results from other behavioral tests.   

Data from this study suggests that adult female Long Evans rats are less 

sensitive to increases in anxiety-like behavior on the EPM.  Data from our lab 

using Long Evans male rats and the same CIE protocol showed that CIE leads to 

an increase in anxiety-like behavior on the EPM (manuscript in publication).  A 

study by Hendricks et al. 2017, which used a six-week CIE protocol in male and 

female Wistar rats, found that female rats were less sensitive to developing 

anxiety-like behavior on the EPM compared to males following CIE exposure.  

Although, it should be noted that different rat strains can have differences (Priddy 

et al. 2017).  A study by Priddy et al. 2016 showed that female rats are less 

sensitive to an escalation in drinking following CIE; interestingly, they show that 

Wistar rats and not Long Evans exhibit this phenotype.  While this somewhat 
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contradicts data showing that Long Evans rats do escalate drinking following CIE 

(Morales et al. 2015), it does highlight the importance of taking strain into 

account in the interpretation of these results.   A recent paper by Morales et al. 

2018, shows that males and females developed increases in anxiety-like 

behavior following CIE.  However, it should be noted that these animals were five 

weeks old upon arrival and the animals in our study were approximately eight 

weeks old upon arrival.  This is important as the effects of CIE have been shown 

to be different in adult vs. adolescent rats (Barker et al. 2017).    Additionally, 

there is evidence that the EPM may not be as proper of a measure of anxiety-like 

behavior in females compared to males.  There are sex differences with regard to 

measures of anxiety-like behavior (Donner and Lowry 2013, Fernandes et al. 

1999, Johnston and File 1990).   A study comparing male and female rats using 

factor analysis on the EPM found that the activity was more of a factor in females 

and anxiety was more of a factor in males (Fernandes et al. 1999).  Another 

study examining sex differences in tests of anxiety-like behavior found that 

female rats showed less of an aversion to the open arms of the EPM compared 

to males (Johnston and File 1990).  These studies outline that the EPM yield 

mixed results with regard to the study of anxiety-like behavior in female rats.  

They outline the importance of taking strain and age into account as well.  They 

also show that the EPM may not be as good of an assay for anxiety-like behavior 

in females compared to males.   

Data from our lab on the E0M in female Long Evans rats showed that CIE does 

not lead to an increase in anxiety-like behavior.  By comparison, unpublished 
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data by our lab in males did show an increase in anxiety-like behavior on the 

E0M.  As the E0M is not nearly as widely used as the EZM, there are far fewer 

publications utilizing this assay with a treatment similar to this study.  As 

described previously, the E0M has proven to be a good test for anxiety-like 

behavior (Shepherd et al. 1994, Braun 2011, Kliethermes, Cronise, Crabbe 2006.  

One study using the E0M in the CIE model in male mice found that anxiety-like 

behavior was increased following CIE (Kliethermes, Cronise, Crabbe 2006).  A 

study examining sex differences in the E0M found that there were no differences 

in untreated male and female Sprague Dawley rats (Braun 2011).  It has been 

shown that females respond differently on assays of anxiety-like behavior 

(Donner and Lowry 2013, Fernandes et al. 1999, Johnston and File 1990).  

Therefore, it is possible that sex differences prevented us from observing 

anxiety-like behavior on the E0M.  Since the E0M has not been utilized as much 

as the EPM, further testing to characterize the effects of CIE in males and 

females would be worthwhile.     

Our data suggest that female Long Evans rats do not show anxiety-like behavior 

on the LDB.  The LDB is a proven method of examining anxiety-like behavior in 

rodents (Kliethermes, Cronise, Crabbe 2004, Beaudet et all 2016, Bele 2016). 

The N of this cohort was only four rats per group; therefore, future experiments to 

increase the N should be carried out to make these results more meaningful.  

Interestingly a study found that female mice but not male mice showed an 

increase in anxiety-like behavior on the LDB (Kliethermes, Cronise and Crabbe 

2006).  Another group found no changes in time spent in the light zone using 



51 
 

male Sprague Dawley rats during acute withdrawal (Slawecki, Roth, Gilder 

2006).  One study that examined Long Evans male rats did find an increase in 

anxiety-like behavior following withdrawal from a liquid ethanol diet on the LDB 

(Gatch et all 1999).   As with other assays for anxiety-like behavior, some of the 

studies examining the effects of ethanol withdrawal have shown mixed results.   

Our data from the successive alleys test suggests that withdrawal from CIE 

treatment at 48 hours leads to an increase in anxiety-like behavior.  While there 

are no known studies examining CIE withdrawal using this testing apparatus, we 

know that this test does elicit anxiety-like behavior in rats (Mchugh et al. 2004).  

Although there is no study using this apparatus to examine the effects of CIE, we 

can speculate as to why we were able to observe an increase in anxiety-like 

behavior on this assay and not others.  This test is designed to create a gradient 

of anxiety-like behavior.  This effect was shown by our data in female rats.  

Although this gradient effect did not show any differences in anxiety-like 

behavior, it is possible that it aided the assay’s capacity to show changes in 

anxiety-like behavior in the latency to explore the open zone.  Additionally, it is 

possible that due to the dim illumination of this test that the rats came out onto 

the open alleys.  The LUX of the first open alley was 2; whereas the LUX of the 

EPM was approximately 70.  This difference in luminosity could have an effect on 

the animal’s latency to explore the open area (Bertoglio and Carobrez 2002).  

Since this assay has not been characterized with a CIE model, future 

experiments should be done to understand these results fully.  On that note, we 

have tested CIE male rats on this apparatus, and the results are pending 
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analysis.  We are also currently characterizing naïve male and female rats on this 

assay.   

Our data suggest that in female rats do not exhibit depressive-like behavior on 

the splash test at this time point.  Previous studies have shown that this test is a 

valid assay for depressive-like behavior (Wolfe et al. 2016, Surget 2008, 

Workman 2015).  The study by Wolfe et al. 2016 showed that acute 

intraperitoneal injection of ethanol had anti-depressant effects on mice 

undergoing the splash test.  One study examining amphetamine withdrawal 

found an increase in depressive-like behavior on the splash test (Haj-Mirzaian et 

al. 2018).  Although, there was a trend with CIE treated female rats spending less 

time grooming.  It is possible that the CIE duration was not long enough or the 

BEC levels were too low to generate a depressive-like effect in this cohort.  

The FST experiment shows that female rats exhibit a robust increase in 

depressive-like behavior following CIE treatment and withdrawal at this time 

point.  Female CIE treated rats showed a significant increase in immobile time 

compared to AIR treated animals.  This assay is a proven test for depressive-like 

behavior; as shown by previous studies (Wolfe et al. 2016, Workman 2015, 

Slattery and Cryan 2012, Bogdanova 2013, Estanisalu 2011).  This is somewhat 

in line with a previous study that used a two-week CIE exposure paradigm in 

male rats with acute and protracted withdrawal time points.  They found that CIE 

treated rats showed higher immobility time at 30 and 60 days of withdrawal but 

not 8-12 hours (Walker et al. 2010).  Another study also showed increases in 

immobility following CIE in male rats (Williams et al. 2012).   This study and other 
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studies show that CIE does result in increases in depressive-like behavior in 

male and female rats on the FST.   

This study adds to the evidence that female rodents may be less sensitive to 

some of the behavioral changes induced by ethanol withdrawal.  Withdrawal from 

ethanol has been shown by many studies to increase anxiety-like behavior in 

mice and rats (Kliethermes 2005).  One interesting paper examined ethanol 

withdrawal symptoms using social interaction in rats.  They found that males 

showed more anxiety-like behavior in social interaction compared to females 

while in withdrawal (Varlinskaya and Spear 2004).  Another study found that 

following CIE in adult rats, increases in habitual responses were seen in male but 

not females; however, this was reversed for adolescent CIE treated rats (Barker 

et al. 2017).   

The electrophysiological data from this study yielded interesting results.  Our 

data shows that there was no change in LTP following CIE and one day of 

withdrawal.  The previous male CIE study (manuscript in progress), also showed 

no change in LTP following CIE.  By comparison, other previous studies found 

that LTP was attenuated up to one day but not five days of withdrawal from CIE 

(Roberto et al. 2002, Roberto et al. 2003).  The N of the current study was low; 

which may have contributed to the lack of an observable effect.  We found a 

reduction in PP facilitation at 75 and 100ms intervals.  This is consistent with 

another study that performed a PPR experiment at the 100 ms interval.  Another 

study found a reduction in PPR at the 100 ms inter-stimulus interval in CIE 

treated male rats (Nelson, Ur, and Gruol 2005).  By comparison our male CIE 
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study (manuscript in progress) found no change in PPR.  In/Out experiments on 

female CIE hippocampal slices showed no overall change in excitability.  When 

we looked at DHC and VHC slices individually, we found that the dorsal 

hippocampus exhibited an increase in presynaptic excitability and the ventral 

hippocampus showed a decrease in excitability.  Currently, there has been no 

published report examining DHC/VHC differences in a CIE model.  Our lab is 

currently working on such a publication that used such a model in male rats.  

Data from those experiments found that male rats showed an increase in 

hippocampal excitability; primarily in the ventral hippocampus.  The data from the 

present study showed an increase in excitability in the dorsal hippocampus; 

which agrees with previous studies examining the hippocampus without regard to 

DHC/VHC differences (Nelson, Ur, and Gruol 2005, Roberto et al. 2001).  To our 

knowledge the data that shows a decrease in VHC excitability are the first to 

show a decrease in hippocampal excitability following CIE treatment.  

It has been shown that the VHC plays a vital role in anxiety-like behavior 

(Bannerman et al. 2002, 2003, Zhang et al. 2004, McHugh 2014, Strange et al. 

2014, Felix-Ortz et al. 2013).  Due to this association, we thought that CIE 

associated increases in anxiety-like behavior could be linked to increases in 

excitability in VHC.  While this did seem to be the case in previous experiments 

using a male cohort of rats, the present study found the opposite in female rats. 

However, since we still observed an increase in anxiety-like behavior on the 

successive alleys test we are interested in finding a potential mechanism for 

these surprising results.     
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While much more investigation will be required to determine the neurobiological 

mechanism for these results, we can currently speculate as to what is driving this 

mechanism based on a few recent studies.   A recent study found that two 

individual antagonistic projections from the BLA participate in regulating positive 

and negative behaviors (Kim et al. 2016).  Another paper also supports the 

concept of valence-specific populations in the BLA (Beyeler et all 2016).  A more 

recent paper by the same group further supports this concept (Beyeler et al. 

2018).  These distinct populations of BLA neurons in these papers are the 

posterior and anterior BLA.  Another paper looking specifically at the posterior 

BLA to VHC circuit found that this circuit can oppositely regulate potentially 

anxiolytic and anxiogenic traits (Yang et al. 2016).  It has been shown that 

activation of the anterior BLA to VHC circuit increases anxiety-like behavior 

(Felix-Ortiz 2013, Yang et al. 2017).  Inhibition of the CA1 region of the VHC 

rescued this increase in anxiety-like behavior (Felix-Ortiz and Tye 2014).  By 

comparison, the study by Yang et al. 2016 found that activation of the posterior 

BLA to VHC circuit rescued deficits induced by the anxiogenic trait, learned 

hopelessness and simulated the positive effects of the anxiolytic trait, learned 

hopefulness.  The same study found that inhibition of the posterior BLA abolished 

the positive effects of learned hopefulness (Yang et al. 2016).  This group also 

found that the circuit from the posterior BLA to the VHC is stronger than the 

anterior BLA to VHC (Yang et al. 2016).  The BLA undergoes increases in 

excitability following CIE (Morales 2017).  With this anterior BLA to VHC circuit in 

mind, it could be speculated that increases in excitability in the anterior BLA drive 
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an increased activation of the VHC that mediates the increase in excitability seen 

in our male group of CIE rats.  If females are less sensitive to the neurobiological 

effects of ethanol, it could be speculated that this influence is reduced.  Indeed, 

the same study, Morales et al. 2018, showed that female rats were less sensitive 

to changes in synaptic plasticity within the BLA.  Therefore, in light of this 

evidence, the results from this study can be made clearer.   

It may be possible that in female CIE treated rats there is less excitatory 

influence from the anterior BLA, but enough to still produce a slight anxiety-like 

phenotype without increasing excitability in the VHC.  At the same time, there is 

more of a posterior BLA influence that results in a decrease in excitability within 

the VHC.  This would mean that if the anterior and posterior BLA are differentially 

affected in females compared to males. Such dysregulation of the BLA to VHC 

circuit by CIE treatment could lead to the differential effect we saw in the 

hippocampus in females compared to males.  Further electrophysiological 

studies examining the posterior and anterior BLA will be required to determine if 

such dysregulation exists in female rats.    

Additionally, these results, as do some of the few studies that have examined the 

effects of chronic ethanol on females, indicate that females are less sensitive to 

the effects of chronic ethanol.  While this body of evidence is growing, the 

question as to what mechanism could be driving this lower sensitivity remains.  

One explanation would involve females being less sensitive to changes in the 

glutamatergic system that is characteristic of ethanol withdrawal.  Our lab shows 

that male CIE rats undergo an increase in GluA2 receptor following CIE 
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treatment (manuscript in preparation).  It is possible that females would show a 

smaller increase in GluA2.  Currently, there is some evidence that the 

endogenous cannabinoid system plays a role in reduced female sensitivity to 

chronic ethanol exposure.  One study showed that female rats responded to a 

lower dose of an endogenous cannabinoid antagonist that reduced ethanol 

intake compared to males (Morales, McGinnis, and McCool 2015).  A review that 

covers sex differences in the endocannabinoid system illustrated that females 

are potentially more sensitive to the effects of cannabinoids than males (Craft, 

Marushich, and Wiley 2013).  A study that examined ethanol withdrawal 

mediated anxiety-like behaviors, and the endocannabinoid system found sex 

differences.  The study found that female rats did not express increases in 

anxiety-like behavior and did not express alterations in endocannabinoid system 

in the ventromedial prefrontal cortex and the BLA that was observed in males 

(Henricks et al. 2017).  Also, use of ovariectomized female rats resulted in 

ethanol withdrawal associated alterations in the endocannabinoid system without 

increasing anxiety-like behavior (Henricks et al. 2017).  Although very little is 

currently known about why females are less sensitive to the effects of ethanol, 

these studies show that the endogenous cannabinoid system in females may 

play a role in mediating a reduced sensitivity to ethanol. 

In conclusion, the findings in this study support the growing body of evidence of 

sexual dimorphism with regard to ethanol withdrawal.  We show that following 

withdrawal from CIE treatment adult female Long Evans rats show: an increase 

in anxiety-like behavior on the successive alleys test, an increase in depressive-
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like behavior on the FST, an increase in presynaptic excitability in the DHC, and 

a decrease in excitability in the VHC.  These results add to the evidence that 

supports the existence of sexual dimorphism in the effects of ethanol.  They also 

provide novel evidence of a decrease in excitability in the hippocampus following 

CIE.  Current evidence allows us to speculate as to what the mechanism for 

driving this effect is.  However, these results require further studies to verify such 

a mechanism and to investigate other influences critical to this mechanism.  The 

ultimate goal of studying such CIE withdrawal is to determine sensitivity to 

ethanol withdrawal and potentially vulnerability to ethanol dependence.   

Evidence of sexual dimorphism would have significant implications with regard to 

the interpretation of results and approaches to attenuate detrimental effects of 

ethanol.    
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Chapter 3: Study Limitations and Future Directions 

This study examined the effects of CIE exposure on female Long Evans rats 

using electrophysiological and behavioral techniques.  We found that CIE leads 

to an increase in anxiety-like behavior on the successive alleys test but not on 

the EPM, E0M, and LDB.  CIE leads to an increase in depressive-like behavior 

on the FTS but not the splash test.  CIE leads to an increase in excitability in the 

DHC and a decrease in excitability in the VHC.  These results contribute to the 

consensus that significant sexual dimorphism exists with regard to the effects of 

ethanol.   

One limitation is that this study is not a direct comparison between male and 

female rats.  The male and female experiments were run many months apart.  

Additionally, the male and female experiments were conducted by different 

researchers.  These differences would preclude the possibility of using these 

data sets for a direct comparison.  This study exclusively examined females as a 

first step to compare with datasets we have already generated in male rats.  For 

proper male/female comparison, a study examining males and females 

congruently should be performed.   

As the severity of withdrawal symptoms is correlated with the BAL, it is possible 

that females require higher BALs to develop withdrawal symptoms on some of 

these assays for anxiety-like behavior (Macey et al. 1996).  Since there is 

evidence that females are potentially less sensitive to the effects of CIE (Jury et 

al. 2017, Morales, McGinnis and McCool 2014, Barker et al. 2017, Baxter-Potter 

et al. 2017, Morales et al. 2018), it is possible that females require a longer 
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duration of CIE exposure to produce observable withdrawal symptoms. 

Therefore, future studies examining a longer CIE duration in females and 

possibly various ranges of BEC levels would be useful control experiments to 

examine these possibilities.   

Since the electrophysiology experiments were carried out using field 

electrophysiological techniques the specificity of this experiment is limited.  

Future studies utilizing whole-cell patch clamp techniques should be conducted 

to characterize the changes that are occurring in this circuit specifically.  

Additionally, to further characterize the mechanisms of these results various 

glutamatergic receptors should be isolated pharmacologically during 

electrophysiological experiments to determine if any specific glutamatergic 

receptors play a role in this circuit.   

It was noted that the activation of the anterior BLA to VHC circuit can increase 

anxiety-like measures (Felix-Ortiz et al. 2014, Yang et al. 2017).  Additionally, it 

was discovered that activation of the posterior BLA to VHC circuit can potentially 

reduce anxiety-like behavior (Yang et al. 2016).  It is possible that these circuits 

are differentially altered in CIE treated females compared to CIE treated males in 

a manner that could explain the data shown in this paper.  To assess if such 

dysregulation exists electrophysiological recordings could be performed on the 

posterior/anterior BLA using CIE treated male and female rats.  As a simple pass 

through, extracellular field experiments could be carried out in the posterior and 

anterior BLA.  In light of our results and proposed mechanism, we would expect 
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to see reduced excitability in the anterior BLA and increased excitability in the 

posterior BLA in females compared to males.  

As it has been shown that the estrus cycle may play a role in BLA activity, it 

would be worth examining (Blume et al. 2017).  Therefore, the monitoring of the 

estrus cycle may be an important part of future experiments.  

Interestingly there is recent evidence that depression associated genes undergo 

opposite transcriptional changes in individuals with major depressive disorder 

(Seney et al. 2018).  Ethanol dependence induces a negative affective state, 

which often incudes depression as a symptom.  It is possible that opposite gene 

transcription changes will exist in male and female CIE treated animals 

expressing a negative affective state.  Thus in future experiments, the 

examination of gene transcription in relation to negative affective states in male 

and female animals would be a necessary step in the studying sex differences of 

AUD.   

This preliminary report provides solid data from which to base future experiments 

to examine sex differences in the effects of AUD.  Based on the evidence 

provided by this study and the data generated in the previously performed male 

CIE study, we can plan the next study accordingly.  The next study should be 

done in male and female Long Evans rats congruently.   A short and extended 

CIE exposure period will be used to control for and to examine possible sex 

differences in sensitivity to CIE exposure.  Multiple withdrawal time points will be 

implemented to examine the severity as well as sensitivity to CIE.  Whole cell 

patch clamp techniques would be used to further characterize synaptic changes 
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in the DHC and VHC.  Various receptors will be isolated pharmacologically to 

determine their respective influence on CIE induced synaptic changes.  As with 

the present study, multiple behavioral assays will be utilized to determine the 

behavioral phenotype that is generated by CIE exposure in male and female rats.  

In the female group, the estrous cycle will be monitored to determine any 

potential estrous dependent effects of CIE.  This future study will provide an 

excellent comprehensive examination of the neurobiological and behavioral 

effects of CIE with any potential sex-dependent effects.  As sexual dimorphism is 

known to exist with regard the effects of ethanol, this future study will be 

important for adding to the growing body of evidence that can potentially lead to 

better understanding of sex-specific effects of ethanol and eventually more 

targeted treatment for men and women.     
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