
 

 
 
 

 
 

 
 

ABSTRACT 
 

Acute Alcohol Produces Ataxia and Cognitive Impairments in Aged Animals:  
A Comparison between Young Adults and Aged Rats 

 
Adelle Novier, M.A. 

 
Mentors: Jaime L. Diaz-Granados, Ph.D.   

Douglas B. Matthews, Ph.D.   
 
 

Aging in both humans and rodents appears to be accompanied by physiological 

changes that increase biological sensitivity to ethanol intoxication; however, animal 

models designed to investigate the behavioral significance of increased alcohol sensitivity 

have yet to be established.  The present study sought to determine if acute ethanol 

administration produces differential effects on motor coordination and spatial 

performance in adult and aged rats.  Findings revealed a dramatic increase in ethanol-

induced ataxia and cognitive impairment in aged animals relative to young adults as 

evaluated by several behavioral tasks.  Importantly, the heightened deficits seen in aged 

animals were not due to differential blood ethanol levels.  Possible neurophysiological 

mechanisms are proposed to explain the age-related increase in sensitivity to motor- and 

cognitive-impairing effects of ethanol.  Given the high prevalence of alcohol use among 

the elderly, increased vulnerability to alcohol-induced deficits may have a profound 

effect on injury and quality of life in this population.   

  
 



Page bearing signatures is kept on file in the Graduate School. 

Acute Alcohol Produces Ataxia and Cognitive Impairments in Aged Animals:  

A Comparison between Young Adults and Aged Rats 

 

by 

 

Adelle Novier, B.S. 

 

A Thesis 

 

Approved by the Department of Psychology and Neuroscience 

 

___________________________________ 

Jaime L. Diaz-Granados, Ph.D., Chairperson 

 

Submitted to the Graduate Faculty of  

Baylor University in Partial Fulfillment of the  

Requirements for the Degree 

of 

Master of Arts 

 

 

 

 

 

Approved by the Thesis Committee 

 

___________________________________ 

Jaime L. Diaz-Granados, Ph.D., Chairperson 

 

___________________________________ 

Douglas B. Matthews, Ph.D., Co-Chairperson 

 

___________________________________ 

C. Kevin Chambliss, Ph.D.  

 

 

 

 

 

 

Accepted by the Graduate School 

December 2012 

 

___________________________________ 

J. Larry Lyon, Ph.D., Dean                      



 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

 

 
 
 
 
 

 
 
 

 

Copyright © 2012 by Adelle Novier 

All rights reserved



iv 
 

 
 

TABLE OF CONTENTS 
 
 

LIST OF TABLES v 

LIST OF FIGURES vi 

LIST OF ABBREVIATIONS vii 

ACKNOWLEDGMENTS viii 

CHAPTER ONE 1 

Introduction 1 

Overview 1 
Aging 5 
Ethanol and Aging 16 
Primary Investigative Goal 23 

 
CHAPTER TWO 25 

Methods 25 

Experiment 1: Accelerating Rotarod 25 
Experiment 2: Aerial Righting Reflex 26 
Experiment 3: Morris Water Maze 27 

 
CHAPTER THREE 29 

Results 29 

Experiment 1: Accelerating Rotarod 29 
Experiment 2: Aerial Righting Reflex 30 
Experiment 3: Morris Water Maze 31 

 

CHAPTER FOUR 35 

Discussion 35 

REFERENCES 44 

 



v 
 
 

 
 

LIST OF TABLES 
 
 
Table 1.  Mean blood ethanol concentration (BEC) in mg/dL            30 

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 



vi 
 
 

 
 

LIST OF FIGURES 
 
 

Figure 1.   Mean latency on the accelerating rotarod                29 

Figure 2.  Mean height for successful righting on the aerial righting reflex task         31 

Figure 3.  Spatial acquisition during training in the Morris water maze (MWM)             32 

Figure 4.  Swim speed during training in the MWM             32 

Figure 5.  Performance in the MWM following acute ethanol administration         34 

 
 
 
 
 
 
 
 
 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 



vii 
 
 

 
 

LIST OF ABBREVIATIONS 
 
 

ARR        Aerial righting reflex  

BEC        Blood ethanol concentration 

ChAT        Choline acetyltransferase 

MWM        Morris water maze 

RR        Accelerating rotarod 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 



viii 
 
 

 
 

ACKNOWLEDGMENTS 
 
 

I would like to extend my deepest gratitude to my mentors, Dr. Douglas Matthews 

and Dr. Jaime Diaz-Granados; I appreciate your wisdom and guidance during my first 

years of graduate school and throughout the successful completion of this thesis.  To 

Candice Van Skike, I thank you for your leadership and camaraderie, as well as for your 

assistance with this research.  I would also like to acknowledge Lee Lowe for her 

compassion for animals and tremendous dedication to this project.   

My appreciation also extends to my family.  To my parents, I value your 

encouragement and interest in my research.  And to my Grandmother, I am grateful for 

your unwavering support and faith in me through this and all my endeavors.   

Finally, I would like to acknowledge the faculty and my fellow graduate students 

at Baylor University.  I appreciate the opportunity to cultivate my research skills within 

this supportive environment.   

 
 
 
 
 
 
 
 



1 
 

 
 

CHAPTER ONE 
 

Introduction 
 

Overview 
 

A growing emphasis in aging research is emerging as the number of adults over 

the age of 65 increases.  As approximately one third of elderly Americans regularly 

consume alcohol (Breslow, Faden, & Smothers, 2003), the incidence of alcohol 

dependence and abuse among the aging population is likely to become a growing health 

concern.  Older individuals have been shown to have an increased sensitivity to ethanol 

intoxication compared to younger adults (Menninger, 2002).  This, in concert with the 

physiological declines that accompany normal aging, places the elderly at an increased 

risk for alcohol-induced neuropsychological impairments.  Learning and memory deficits 

resulting from either aging (Brickman & Stern, 2009; Eustache et al., 1995), ethanol 

(Errico, Parsons, & King, 1991; Ryan & Butters, 1980), or the combination of aging and 

ethanol (Glass, Park, & Zucker, 1999; Ryan, 1982) have been demonstrated.  

Importantly, investigations with animals and ethanol have reported similar cognitive 

declines (Berry & Matthews, 2004; Gibson, 1985; Matthews, Simson, & Best, 1995).  

Despite the high prevalence of alcohol consumption in elderly humans, surprisingly little 

research has examined the effect of ethanol on functional performance in aged animals.  

Continued research will hopefully provide the knowledge to ameliorate the deleterious 

impact of alcohol on the globally expanding elderly population.   

Alcoholism and heavy drinking are associated with a variety of health problems 

including general malnutrition, gastrointestinal and respiratory disorders, 
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cardiomyopathy, pancreatitis, and liver cirrhosis (Menninger, 2002; Stevenson, 2005).   

The elderly in particular are vulnerable to these alcohol-related health consequences.  

Individuals aged 65 and older are also more likely to have adverse reactions to the 

interaction of prescription medications and alcohol (Menninger, 2002).  Furthermore, 

older individuals with a history of alcohol abuse are more likely to suffer from dementia 

(Thomas & Rockwood, 2001) and are five times as likely to be diagnosed with a 

psychiatric illness (Saunders et al., 1991).  Finally, alcohol abuse in the elderly is 

associated with an increased rate of mortality compared to those with no history of 

alcohol misuse (Bridevaux et al., 2004; Thomas & Rockwood, 2001).   

The neurobiological effects of ethanol appear to be age-dependent.  Research 

suggests the elderly undergo physiological changes in body composition which make 

them more sensitive to alcohol.  With age, lean body mass declines and fat increases; the 

resulting reduction of body water limits the total volume for alcohol to distribute (Vestal 

et al., 1977).  In concordance with this, research has demonstrated that blood ethanol 

concentrations from any given quantity of alcohol are often higher in the elderly 

compared to younger adults (Jones & Neri, 1985; Vestal et al., 1977).  Studies with aged 

animals have also identified an age-dependent decrease in total body water and a 

subsequent increase in peak ethanol concentration (Kim, Kim, & Sohn, 2003; York, 

1982).  Consequently, aged rodents appear to be more susceptible to ethanol-induced 

hypnosis (Ott, Hunter, & Walker, 1985), hypothermia (Wood & Armbrecht, 1982), and 

severity of withdrawal (Wood, Armbrecht, & Wise, 1982).    

The cognitive deficits in adult alcoholics under the age of 65 have been 

thoroughly examined.  Chronic alcohol use is associated with impairments in short-term 
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and working memory, perceptual-motor skills, problem solving, executive functioning, 

and spatial processing (Errico et al., 1991; Parsons & Nixon, 1993; Pitel et al., 2007).  In 

contrast, studies examining the cognitive effects of alcoholism in the elderly are 

strikingly rare; to date, no investigations have been conducted specifically on alcoholic 

subjects over the age of 60 (Alcohol and Aging, 1995).  However, several studies have 

compared groups of older alcoholics to those diagnosed with Korsakoff’s syndrome, a 

disorder arising from thiamine depletion which often results in severe memory 

impairments (Kopelman, 1995).  One experiment found that older alcoholics, as well as 

diagnosed Korsakoff patients, exhibited significantly lower accuracy in a matching-to-

sample task as a measure of visual processing, selective attention, and memory compared 

to younger alcoholics (Oscar-Berman & Bonner, 1985).  Another study examined spatial 

and nonspatial delayed response performance in alcoholics, Korsakoff patients, and 

control subjects; although Korsakoff patients were found to be significantly more 

impaired than other participants, age-related deficits in performance between controls and 

non-Korsakoff alcoholics were revealed under the most difficult experimental conditions 

(Oscar-Berman, Hutner, & Bonner, 1992).  Given the relative lack of research directly 

examining the elderly, future investigations should focus on age-related cognitive 

declines that occur as a result of chronic ethanol use.    

It has been well documented that alcohol-induced impairments in humans often 

parallel those observed in animals.  For example, acute ethanol has been shown to 

produce deficits in spatial, non-spatial, and working memory in rodent models (Gibson, 

1985; Matthews et al., 1995; Oliveira et al., 1990; White, Elek, Beltz, & Best, 1998).  

Similarly, studies of chronic ethanol administration in animals have reported impairments 



4 
 

in short-term memory, spatial reference memory, and spatial working memory (SantıJn, 

Rubio, Begega, & Arias, 2000; Walker & Hunter, 1978); additionally, chronically treated 

animals have an accelerated rate of memory decay (Beracochea & Jaffard, 1985).  For 

this reason, rodent models provide a valid basis for studying the effects of alcohol in 

elderly humans.    

Many age-related cognitive declines are similar to those seen in chronic 

alcoholism.   For instance, the elderly are impaired in many aspects of learning and 

memory such as episodic memory, recall and acquisition, and spatial processing (Balota, 

Dolan, & Duchek, 2000; Bowles & Poon, 1985; Eustache et al., 1995).  Furthermore, 

aged rodents also show documented impairments in spatial working and reference 

memory (Barnes, 1979; Frick et al., 1995; Gage, Dunnett, & Björklund, 1984).  Despite 

the parallels between alcohol-related and age-related cognitive declines, the interaction of 

these two factors has been largely understudied.  In one exception, the effects of chronic 

ethanol on cognitive and motor performance were examined in older animals.  Baird et al.  

(1998) found that aged rats exposed to long-term moderate ethanol demonstrated 

significantly lower performance in both the Morris water maze and radial arm maze as 

compared to abstinent aged adults.  Interestingly, although cognitive tasks revealed 

deficits in spatial acquisition, no significant differences in motor impairment were 

observed in this study.   

In conclusion, the age-dependent effects of acute ethanol on cognition and motor 

coordination have been well established in young and adult rats (for review, see Chin et 

al., 2010).  However, while the effects of acute ethanol have been widely studied in the 

adolescent and adult age groups, very little research has been conducted with older 
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animals.  For this reason, the differential effects of acute ethanol on spatial and motor 

performance should be examined.  The accelerating rotarod (RR) and aerial righting 

reflex (ARR) will provide valid measures of novel skill learning and motor coordination, 

respectively, while spatial memory can be assessed using the Morris water maze 

(MWM).  It is hypothesized that aged rats will display greater impairments in all three 

tasks relative to younger animals, a finding which may or may not be attributable to age-

related increases in blood ethanol levels. 

 
Aging 

 
 Aging can be defined as the “time-related deterioration of the physiological 

functions necessary for survival and fertility” (Gilbert 2000).  Senescence is accompanied 

by both physical and physiological declines that limit an individual’s ability to adapt and 

respond appropriately to environmental and situational challenges (Young, 1997).  In 

addition to the well-documented deterioration in cardiac, hepatic, and respiratory 

systems, a marked impairment in cognitive functioning with age has also been well 

established.  Studies with elderly humans have found deficits in memory recall 

(Perlmutter, 1979), memory acquisition (Youngjohn & Crook, 1993), executive 

processing (Buckner, 2004), and multiple aspects of spatial learning (Barnes, 1988; 

Evans, Brennan, Skorpanich, & Held, 1984; Laurance et al., 2002).  As investigations 

with aged rodents have similarly demonstrated impairments in memory and spatial 

processes, animals may provide a useful model for studying cognitive deficits in humans 

(Frick et al., 1995).   

 The world’s population is aging at an unprecedented rate due to improvements in 

medicine, public health, education, and nutrition.  By 2040, it is projected that the 
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world’s elderly population will approach 1.3 billion people and account for 14 percent of 

the world’s inhabitants (Kinsella & He, 2009).  While virtually all nations around the 

globe are experiencing growth of their older residents, 62 percent of the world’s 

population aged 65 and older are found in developed and industrialized regions (Kinsella 

& He, 2009).  As of 2008, the number of elderly individuals ranges from 13 to 21 percent 

in most developed countries, with the highest levels seen in Japan.  Although the 

proportion of aged residents in the United States at present is only 13 percent, the aging 

of the post-World War II Baby Boom population is likely to result in a marked increase 

in the number of elderly Americans.  The US Census Bureau estimates that by the year 

2030, people aged 65 and older will account for 20 percent of the United States 

population (Kinsella & He, 2009).   

Senescence has a profound impact on motor skills and function.  An age-

dependent decrease in muscle mass and strength, known as sarcopenia, may begin during 

middle age and result in a decrease of skeletal muscle mass at a rate of approximately one 

percent per year (Young, 1997).  Aging in rodents is also associated with a loss of 

strength and muscle capacity.  Motor performance is evaluated in animals using a variety 

of behavioral tasks including wire suspension, rod traversing and the inclined screen.  

The accelerating rotarod has also been established as a valid paradigm for motor skill 

learning in rodents.  This task assesses fine motor coordination by requiring an animal to 

maintain balance on a rotating rod that increases at constant acceleration (Buitrago, 

Schulz, Dichgans, & Luft, 2004).  The rotarod has been successfully used to evaluate 

motor function in models of traumatic brain injury (Hamm et al., 1994), stress and 

depression (Mizoguchi et al., 2002), Parkinson’s disease (Rozas, Guerra, & Labandeira-
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GarcıJa, 1997), and aging (Jänicke, Schulze, & Coper, 1983; Shukitt-Hale, Mouzakis, & 

Joseph, 1998).  Using the rotarod and other tasks of motor performance assessment, aged 

rats show decrements in motor control, coordination, balance, and reflexes in comparison 

to younger animals (Gage et al., 1984; Shukitt-Hale et al., 1998; Wallace, Krauter, & 

Campbell, 1980). 

Because of their role in psychomotor behaviors, striatal dopamine receptors have 

been implicated in age-related motor impairments.  Work with humans, non-human 

primates, and rodents has indicated that aging is accompanied by decreases in dopamine 

receptor density (De Blasi & Mennini, 1982; Lai, Bowden, & Horita, 1987; Marshall & 

Rosenstein, 1990; Roth & Joseph, 1994; Zhang & Roth, 1997).  Aged rats have 

consistently shown a reduction of both D1 and D2 binding sites in the caudate- putamen; 

additionally, a few select studies have found decreased binding sites in the nucleus 

accumbens, olfactory tubercle, and limbic area (De Blasi & Mennini, 1982; Morelli et al., 

1990).  In the Wistar rat, striatal D2 dopamine receptor concentrations decrease 

approximately 30 to 35 percent across the lifespan (Han et al., 1989).  Receptor loss has 

been attributed to cell death and to decreases in D2 receptor mRNA.  One study identified 

a 50 percent reduction in the concentration of striatal D2 receptor mRNA during aging. 

Furthermore, D2 mRNA appears to be synthesized at half the normal rate in aged rat 

striatal nuclei (Mesco, Carlson, Joseph, & Roth, 1993).  Aging also produces differential 

effects in receptor function; neuronal responsiveness to D1 and D2 receptor agonists are 

decreased in aged animals (Gould, Strömberg, & Bickford, 1996).  

Given the evidence of dopamine’s role in age-related motor deficits, multiple 

approaches for restoring dopaminergic functioning have been recently investigated.  In 
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one such study, striatal dopamine receptors were up-regulated via 14 days of haloperidol 

administration in male Fischer rats.  Findings indicated that haloperidol-treated animals 

from all age groups showed improvements in psychomotor tests of rod walking, wire 

hanging, inclined screen, and plank walking, as compared to vehicle control animals 

(Joseph et al., 1983).  Implanting grafts from the substantia nigra, which is rich in 

dopamine-containing neurons, to the caudate-putamen of aged rats has also had positive 

results in improving motor coordination (Gage, Dunnett, Stenevi, & Bjorklund, 1983).  

GM1 ganglioside, which increases tyrosine hydroxylase immunoreactivity and mRNA, 

has also been shown to partially restore the quantity and morphology of dopaminergic 

neurons in the midbrain and striatum of old rats.  However, treatment produced no effects 

on D1 and D2 dopamine receptor binding or mRNA in the striatum. Furthermore, GM1 

ganglioside failed to ameliorate dopamine-related behavioral deficits as evaluated on a 

variety of motor tasks (Goettl et al., 2001).  Thus, although advances are being made to 

restore age-related motor impairments, the exact role of dopamine in motor function 

remains unknown.   

Advancing age is accompanied by a progressive decline in the functioning of 

many bodily systems.  For instance, aging in humans is associated with reduced cardiac 

output (Pugh & Wei, 2001), decreased volume and blood flow of the liver (Zeeh & Platt, 

2002), alterations of the kidney (for a review, see Epstein, 1996), and decreased 

respiration (Janssens, Pache, & Nicod, 1999). While aging is marked by the decline of 

many physiological systems, age-related impairments in cognitive and mental ability are 

equally severe.  Multiple aspects of learning and memory appear to be impacted by age, 

including memory recall and acquisition, executive processing, and spatial learning.  
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Episodic memory, the ability to recall a personalized experience, appears to be 

particularly vulnerable to the effects of aging (Balota et al., 2000).  In contrast, semantic 

memory appears to be relatively stable across the lifetime.  Several studies have found 

equivalent or improved performance in older adults in tasks of semantic knowledge, 

vocabulary, and emotional processing compared to younger subjects (Bowles & Poon, 

1985; Eustache et al., 1995; Hedden & Gabrieli, 2004).  In fact,  it has been proposed that 

factual knowledge accumulates into the sixth and seventh decades of life and only shows 

a gradual decline after this age (Brickman & Stern, 2009).   

Performance of spatial processing, in particular, shows an age-related decline in 

humans (Naveh-Benjamin, 1987; Rutledge, Hancock, & Walker, 1997; Uttl & Graf, 

1993; Zelinski & Light, 1988).  Spatial processing is hypothesized to be dependent on a 

hippocampal-cognitive mapping system.  O’Keefe and Nadel (1978) proposed that 

humans and other species form map-like representations of the environment and of their 

specific location within that environment.  Subsequent research indicated that both spatial 

memory and flexible navigation are dependent upon this system (Burgess, Maguire, & 

O'Keefe, 2002).  Aged adults show impairments in tasks dependent upon the formation of 

cognitive maps compared to younger adults (Evans et al., 1984; Weber, Brown, & 

Weldon, 1978).  Accordingly, the elderly exhibit impairments in route-learning and 

object location (Sharps & Gollin, 1987; Wilkniss et al., 1997).   

It has been proposed that age-related declines in memory occur because older 

adults use contextual information less effectively.  Balota, Duchek, and Paullin (1989) 

found that older adults encoded less contextual information and had a slower rate of 

contextual fluctuation across time as compared to younger adults.  In support of this, 



10 
 

numerous studies have found that elderly adults are less accurate than younger adults in 

recalling various aspects of contextual information, such as identifying gender of the 

speaker (Kausler & Puckett, 1981), word letter case (Kausler & Puckett, 1980), and the 

color of presented items (Park & Puglisi, 1985).  Furthermore, the ability to remember 

context becomes increasingly important as the memory becomes more episodic in nature 

(McIntyre & Craik, 1987).  The role of context in spatial memory has also been 

examined.  Zelinski and Light (1988) employed a schematic map that manipulated both 

the presentation of structures and the appearance or absence of street networks.  

As no measurable interaction was found between the use of context and age, it appears 

that age-related deficits in spatial memory do not arise from impairments in the use of 

contextual cues.   

Recent investigations have identified working memory and executive processing 

as possibly fundamental to the cause of age-related cognitive decline (Braver & West, 

2008).  Executive functioning encompasses all complex processes needed for goal-

directed behavior.  Reduced executive function in older adults has been linked to changes 

in the frontal-striatal circuit; white matter of the frontal cortex appears to be particularly 

vulnerable to the effects of aging  (Buckner, 2004).  In regard to working memory, older 

adults show deficits in both the performance and processing speed of verbal, visual, 

spatial, and arithmetic tasks (for a review, see Salthouse, 1994).  Previously, it was 

suggested that a global deterioration of the frontal lobe was responsible for age-related 

declines in working memory and executive functioning; (Haug et al. 1983, as cited in 

Macpherson, Phillips, & Della Sala, 2002); however, recent evidence indicates that the 
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dorsolateral prefrontal cortex in particular may be sensitive to aging (MacPherson et al., 

2002).   

Research with aged animals provides support for the cognitive and memory 

deficiencies reported in elderly humans.  For example, aged rodents also show deficits in 

spatial, reference, and working memory.  Impairments in spatial performance have been 

shown in aged rats in several tasks designed to evaluate spatial processing including the 

circular platform, the radial arm maze, and the Morris water maze (MWM) (Barnes, 

1979; Fischer, Chen, Gage, & Björklund, 1992; Gage et al., 1984; Shukitt-Hale, 

McEwen, Szprengiel, & Joseph, 2004).  Senescent rats exhibit deficits primarily in spatial 

acquisition, although performance comparable to younger animals can be obtained with 

continued training (Rapp, Rosenberg, & Gallagher, 1987).  In addition to assessing 

spatial functioning, the MWM can also be used to evaluate working memory.  Whereas 

the goal platform remains in the same location throughout training when measuring 

reference memory, relocating the platform from day to day creates a trial dependent 

situation that can be used to evaluate working memory (Vorhees & Williams, 2006).  In 

addition to reference memory, aging also appears to impact short-term and working 

memory; one study found that 24 month old rats showed significant impairments in 

working memory relative to four-month old rats in the MWM (Frick et al., 1995).  

Evidence indicates that observed deficits in spatial tasks likely occur due explicitly to 

impairments in spatial processing, and not from other sensory, motoric, or motivational 

changes (Rapp et al., 1987).   

The hippocampus has been shown to be essential for multiple aspects of learning 

and memory.  For instance, the hippocampal formation is necessary for retrieving 
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memories prompted by contextual cues (Hirsh, 1974).  In episodic memory, the 

hippocampus enables the acquisition, encoding, storage, and retrieval of information 

(Eichenbaum, 1999).  Functional magnetic resonance imaging (fMRI) data indicates that 

activity in the hippocampus is increased during episodic memories only when the 

subject’s retrieval is accompanied by conscious recollection of learning episode (Eldridge 

et al., 2000).  In support of a hippocampal-dependent mapping system, neuroradiology 

has also provided evidence for the role of the hippocampus in spatial memory.  Using 

computer-generated tasks, functional imaging studies have shown activation of the 

hippocampus proper, as well as of the parahippocampal gyrus, posterior parietal, and 

medial parietal areas, during virtual spatial navigation tasks (Burgess, Maguire, Spiers, & 

O'Keefe, 2001; Maguire, Frackowiak, & Frith, 1997).  Specifically, the left hippocampus 

appears to be involved in context specific autobiographical memory while the right 

hippocampus is implicated in memory locations within an environment (Burgess et al., 

2002). Interestingly, hippocampal volume has been shown to be greater in nonhuman 

animals and people who demonstrate superior spatial abilities (Burgess et al., 2002; 

Maguire et al., 2000).  Research also supports the role of the hippocampus in memory 

consolidation.  Ward and colleagues (1999) lesioned the dorsal hippocampi of adult and 

aged rats following fear conditioning.  Whereas as adult animals exhibited temporally 

graded retrograde amnesia, aged animals appeared to suffer from consolidation 

impairment and thus displayed no evidence of fear conditioning (Ward et al., 1999).   

Research with rodents has provided additional validation that the hippocampus is 

imperative for memory and spatial processing.  The existence of place-coded neurons, or 

“place cells” within the hippocampus was first proposed by O’Keefe & Dostrovsky 
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(1971).  The authors suggested that these neurons display the greatest activation when an 

animal’s head is within a circumscribed region of the environment, a claim which has 

been supported by abundant research (Brun et al., 2002; Muller, Bostock, Taube, & 

Kubie, 1994; Quirk, Muller, Kubie, & Ranck, 1992).  Furthermore, O’Keefe and Nadel’s 

(1978) proposed that a hippocampal-dependent cognitive mapping system would function 

to identify an animal’s position and direct its location toward a goal.  In accordance with 

their hypothesis, animals with hippocampal impairments show deficits in spatial tasks 

such as maze learning.  Lesioning studies have demonstrated that hippocampal damage 

often causes severe impairments in the ability of rodents to learn and remember a spatial 

location by using distal cues.  In one of the original experiments of the Morris water 

maze, total hippocampal lesioning in rats was found to produce a profound and lasting 

impairment in place navigation (Morris, Garrud, Rawlins, & O'Keefe, 1982).  This 

finding has been supported by other studies (Clark, Broadbent, & Squire, 2005; 

Eichenbaum, Stewart, & Morris, 1990).  One such study specifically identified the role of 

the hippocampus in  the retrieval of spatial locations (Kirwan, Gilbert, & Kesner, 2005).   

Senescent rats exhibit age-related alterations in the structure and functioning of 

the hippocampus.  Morphologically, the aging hippocampus has been shown to undergo 

significant volume reduction and neuronal loss (Driscoll et al., 2006; West, 1993).  

Furthermore, one study found a 16 percent decrease in the spine density of apical 

dendrites in subfield CA1 of the hippocampus, an area specifically implicated in spatial 

memory (Luine, Wallace, & Frankfurt, 2011).  However, the existence of age-related 

differences in hippocampal spine density and any relationship with spatial learning 

deficits remains controversial (Geinisman et al., 2004).  In one study, animals were 
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divided into groups based upon extent of spatial memory impairment and not simply by 

age.  In comparison to rats demonstrating no spatial deficits, those animals with the 

greatest memory impairments showed a loss of perforated axospinous synapses in the 

hippocampal dentate gyrus.  These results indicate that spatial deficits are critically 

dependent upon hippocampal synapse loss and not just chronological age  (Geinisman, de 

Toledo-Morrell, & Morrell, 1986).  Additionally, both long-term potentiation and 

hippocampal-dependent memory consolidation appear to decay faster in old animals 

(Barnes & McNaughton, 1985; Oler & Markus, 1998).   

 The cholinergic system has also been shown to play an important role in learning 

and memory; in fact, cholinergic deficits have been strongly linked to Alheizmer’s 

disease and dementia (Coyle, Price, & DeLong, 1983).  One study found that the amount 

of reduction in choline acetyltransferase (ChAT) activity correlated with the extent of 

memory impairment in postmortem humans (Perry et al., 1978).  The basal forebrain 

cholinergic pathway in particular has been shown to modulate cognitive functions such as 

learning, memory, and attention (Wrenn, Lappi, & Wiley, 1999), most notably due to its 

reciprocal projections with the hippocampus (Mesulam, Mufson, Wainer, & Levey, 

1983).  Excitotoxic lesioning of the basal forebrain has been shown to significantly 

decrease ChAT activity and result in marked impairments in spatial learning (Nakamura 

et al., 1988; Nilsson et al., 1992).  More recent work has claimed that large lesions, 

encompassing at least 75 percent of the basal forebrain area, are necessary to produce 

impairments in spatial memory (Wrenn et al., 1999).   

Basal cholinergic forebrain neurons appear to be particularly susceptible to 

atrophy and degeneration with normal aging in rats (Altavista et al., 1990; Gilad, Rabey, 
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Tizabi, & Gilad, 1987) and non-human primates (Stroessner-Johnson, Rapp, & Amaral, 

1992).  Deficits in spatial performance have been linked to changes in the morphology of 

forebrain cholinergic neurons.  Research with senescent rats has found that spatial 

performance decreases progressively with the age of the animal, and that impairments in 

spatial navigation are significantly correlated with reductions in cholinergic cell density 

(Fischer et al., 1992).  However, the impact of age on cholinergic cell size is less clear.  

Fischer et al.  (1992) found a 6-24 percent reduction in the cross-sectional area of 

cholinergic neurons in all regions of the basal forebrain; these findings failed to be 

validated in other studies (Greferath, Bennie, Kourakis, & Barrett, 2000).  Furthermore, 

cholinergic projections from the basal forebrain to the hippocampus also appear to be 

susceptible to aging.  One study found a 32 percent reduction of axonal length in the 

dorsal hippocampus of aged rats (Ypsilanti, Girão da Cruz, Burgess, & Aubert, 2008).  

Moreover, synaptic transmission within the subfields of the hippocampus exhibits an age-

related decrease (Taylor & Griffith, 1993); however, in this study, no significant 

correlation was found between decreases in cholinergic synaptic function and spatial 

learning deficits.   

In addition to finite structural changes, cross-sectional and neuroimaging studies 

have demonstrated that aging results in a global reduction of brain tissue and an increase 

in the CSF-filled ventricles (Courchesne et al., 2000; Resnick et al., 2003; Tang, 

Whitman, Lopez, & Baloh, 2001).  It is estimated that the elderly human brain shrinks at 

a rate of approximately 2.1 percent per year (Tang et al., 2001).  The majority of studies 

indicate decreases in brain volume are primarily attributable to reductions of gray matter 

(Courchesne et al., 2000; Good et al., 2001; Raz et al., 2004), although decreases in white 
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matter have been noted (Meier-Ruge, Ulrich, BrÜHlmann, & Meier, 1992; Resnick et al., 

2003).  In addition to global volume decline, a few researchers have also observed brain 

volume loss in specific brain regions.  The prefrontal cortex is generally accepted as 

being most susceptible to age-related deterioration; both white and gray matter losses 

have been identified (Buckner, 2004; Raz et al., 1997).  Additionally, volumetric studies 

have shown an age-dependent decrease of the hippocampus (Jack et al., 1998; Mueller et 

al., 1998; Raz et al., 2004) which likely contributes to documented deficits in learning 

and memory.  Similarly, volume reductions in the caudate, cerebellum, and entorhinal 

cortex have also been reported (Raz et al., 2005).   

 
Ethanol and Aging 

 
Alcohol consumption in the aging population is widely prevalent; it is estimated 

that approximately one third of Americans aged 65 years and older regularly consume 

alcohol, a figure totaling 11 million individuals (Breslow et al., 2003).  Furthermore, it is 

estimated that between one and three percent of the elderly population is afflicted with an 

alcohol use disorder (Caputo et al., 2012), and that as many as 13% of men and 8% of 

women engage in risky drinking behavior (Blazer & Wu, 2009).  Prevalence rates are 

similar in other developed countries (Hirata et al., 2009; Kim, Shin, Stewart, & Yoon, 

2002; Thomas & Rockwood, 2001).  However, this figure might be underrepresented; 

due to age-related differences in diagnostics, the elderly are less likely to be accurately 

diagnosed with an alcohol use disorder compared to younger individuals (Dufour, 

Archer, & Gordis, 1992).  Although the majority of elderly alcoholics are early-onset 

drinkers, approximately one-third do not begin to show symptoms of alcoholism until 

after the age of 40.  Furthermore, Adams and Waskel (1991) determined that 
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approximately 11 percent of older abusers are late-onset alcoholics who develop 

symptoms after age 60.  Demographically, elderly women are just as likely to drink 

alcohol as men, although older males are more likely to engage in heavy drinking; 

statistics indicate that 70 percent of all elderly alcoholics are men (Alcohol and Aging, 

1995).  However, in general it appears that alcohol consumption declines with advancing 

age regardless of gender (York, Welte, & Hirsch, 2005).   

Alcoholism and problem drinking have a significant effect on morbidity and 

mortality among all age groups.  Chronic alcohol acts as a direct myocardial depressant 

and can lead to cardiomyopathy, hypertension, and arrhythmias.  In the lungs, the 

depressant effects of alcohol diminish the respiratory drive (Menninger, 2002).  Ethanol 

has been found to act directly and indirectly on the gastrointestinal system, and alcoholics 

show an increased risk of gastritis, peptic ulcer disease, and bleeding from the esophagus 

(Alcohol and Aging, 1995; Menninger, 2002).  Additionally, alcohol abusers also 

commonly experience pancreatitis and associated complications of hypocalcaemia and 

hypoxia.  The effects of chronic alcohol use on the hepatic system and the development 

of liver cirrhosis have been well documented (Stevenson, 2005).  In contrast to cardiac 

and renal effects, evidence suggests that hepatic damage is directly related to the duration 

and quantity of alcohol consumed.  Furthermore, chronic alcoholics commonly suffer 

from malnutrition, and in severe cases, may develop Korsakoff’s psychosis from a life-

threatening thiamine deficiency (Alcohol and Aging, 1995).  Finally, chronic alcohol may 

lead to immunodeficiency, rendering the individual more susceptible to illness and 

infections (Menninger, 2002).   
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The elderly are particularly vulnerable to the physiological and psychological 

effects of ethanol.  In older adults, alcohol abuse is also associated with cognitive 

impairments and dementia (Thomas & Rockwood, 2001).  It is estimated that heavy 

alcohol use is a contributing factor in between 21 and 24 percent of cases of dementia 

(Smith & Atkinson, 1995).  Furthermore, elderly alcoholics are more likely to be 

diagnosed with a psychiatric illness; one study found that men with a history of heavy 

drinking were five times as likely to suffer from a psychiatric disorder  (Saunders et al., 

1991).  A susceptibility unique to the elderly is the possible interaction of alcohol with 

prescription medications.  Individuals aged 65 and older consume approximately 30 

percent of prescription drugs and 40 percent of over-the-counter medications (Salom & 

Davis, 1995).  As the average adult over 65 takes as many as seven or more prescription 

medications daily, the elderly are predisposed to an increased risk of adverse drug 

reactions (Alcohol and Aging, 1995).  Finally, alcohol abuse in the elderly is associated 

with an increased rate of mortality in comparison to those with those with no history of 

alcohol misuse (Bridevaux et al., 2004).  In fact, Thomas and Rockwood (2001) 

determined that alcohol abuse results in a 56 percent additional risk for short-term 

mortality in the elderly.    

Aging is accompanied by physiological changes that produce an increased 

sensitivity to ethanol intoxication.  Although aging does not seem to produce any 

alteration in the absorption of drugs, age-related changes in body composition likely 

account for differences in drug distribution and elimination.  With aging, the percentage 

of lean mass decreases while the percentage of fat tissue increases, resulting in a lower 

proportion of total body water (Vestal et al., 1977).  As ethanol is more water soluble, 
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there is less volume for ethanol to distribute and subsequently higher blood ethanol 

concentrations (BEC) are elicited (Menninger, 2002).  In concordance with this, research 

has demonstrated that BECs from any given quantity of alcohol are often higher in the 

elderly compared to younger adults (Jones & Neri, 1985; Vestal et al., 1977).  While 

some drugs do show age-related decreases in metabolic breakdown by the liver, the 

metabolism of alcohol does not appear to decline with age in humans (Alcohol and 

Aging, 1995; Vestal et al., 1977).  Interestingly, when subjects are asked to rate their 

subjective sense of intoxication ethanol consumption, older subjects reported feeling 

more intoxicated than younger participants (Jones & Neri, 1985).   

The cognitive deficits observed in alcohol abusers have been well documented.  

Chronic alcohol use is associated with impairments in short-term and working memory, 

problem solving and abstracting, perceptual-motor skills, visuo-spatial abilities, and 

executive functioning (Errico et al., 1991; Glenn & Parsons, 1992; Parsons & Nixon, 

1993; Pitel et al., 2007; Tarter & Edwards, 1986).  While most cognitive functioning 

returns after abstinence, residual deficits may persist for years in some individuals (Fein, 

Bachman, Fisher, & Davenport, 1990).  Despite the parallels between alcohol-related and 

age-related cognitive declines, surprisingly few studies have been conducted that 

consider the joint effects of age and alcoholism on cognition.  Early researchers observed 

that alcoholics performed similarly to non-alcoholics 10-15 years their senior on 

cognitive tasks.  This prompted the proposal of the “premature aging hypothesis,” which 

claims that prolonged alcohol use produces a premature aging of the brain (Ryan, 1982; 

Ryan & Butters, 1980).   However, it is now generally believed that alcoholism and aging 



20 
 

operate by independent mechanisms (Glass et al., 1999; Kramer, Blusewicz, & Preston, 

1989).   

Animal models have provided support for the physiological and behavioral effects 

of alcohol use observed in humans.  For instance, animals show a documented decline in 

spatial memory following acute ethanol administration (Gibson, 1985; Matthews et al., 

1995; White et al., 1998).  Specifically, high doses of acute ethanol eliminate the 

acquisition of spatial learning (Acheson, Ross, & Swartzwelder, 2001).  Additionally, 

ethanol has been shown to impair the retention of working memory as assessed in the 

radial maze (Gibson, 1985; Oliveira et al., 1990).  Although ethanol preferentially affects 

spatial performance, deficits in non-spatial memory have been observed.  For example, 

White et al.  (1998) found that high dose ethanol impaired performance on both a spatial 

and non-spatial version of the radial arm maze.  However, medium doses of ethanol 

produced deficits only in the spatial task, indicating that non-spatial processing is more 

resistant to the effects of alcohol.  In contrast, one study found that acute ethanol 

impaired spatial performance while actually facilitating non-spatial cue performance 

(Matthews, Ilgen, White, & Best, 1999).   

Given the high prevalence of alcohol consumption in the elderly, and the lack of 

research in older alcohol users, animals provide a valid model in which to investigate the 

mechanisms and impact of alcohol in the aged.  Previous research in rodents has 

demonstrated that the effects of ethanol are age-independent.  Similar to findings in 

human studies aged animals exhibit increased sensitivity to ethanol.  For example, adult 

and aged animals have shown differences in ethanol hypnosis (Ott et al., 1985), 

hypothermia (Wood & Armbrecht, 1982), and severity of withdrawal (Wood et al., 
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1982).  Additionally, the rate of ethanol metabolism has been shown to decrease with age 

in both rats and mice (Kim et al., 2003; Ritzmann & Springer, 1980).  Importantly, 

experiments with aged rodents have verified an important finding from human studies: 

peak blood ethanol concentrations for equivalent doses of alcohol also increase with age 

in rats (Kim et al., 2003).  This is most likely due to an age-dependent decrease in total 

body water content, a finding also observed in humans (York, 1982).  Finally, acute 

toxicity of ethanol as determined by mortality is increased in older rats as compared with 

younger animals (Seitz et al., 1989).   

Evidence suggests that the hippocampus is profoundly sensitive to the effects of 

ethanol.  For example, ethanol has been found to decrease cell excitability by depressing 

spontaneous firing of hippocampal cells (Alexandrov et al., 1993; Steffensen & 

Henriksen, 1992).  Furthermore, both in vivo and in vitro studies have provided evidence 

that ethanol impairs the ability of hippocampal place cells, neurons which only fire when 

the animal is in a specific part of the environment, to process spatial information (Kentros 

et al., 1998; Ludvig et al., 1998; Matthews, Simson, & Best, 1996).  Long-term 

potentiation, which has been found to occur in all excitatory pathways of the 

hippocampus, is also disrupted by ethanol  (Bliss & Collingridge, 1993).  As an NMDA 

antagonist, alcohol has been shown to inhibit the induction of LTP in rat hippocampal 

slices (Swartzwelder, Ferrari, Anderson, & Wilson, 1989) and likely contributes to 

ethanol-induced learning and memory deficits.  Chronic ethanol administration in rats has 

been found to produce a significant loss of hippocampal and dentate gyrus pyramidal 

neurons (Walker et al., 1980).  Furthermore, chronic consumption causes a decrease in 

dendritic spine density in CA1 pyramidal cells, although this can be ameliorated by 
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abstinence (King, Hunter, & Walker, 1988).  Work with humans has also demonstrated a 

decrease in hippocampal volume in chronic alcohol drinkers (Beresford et al., 2006).  

However, this decrease in volume appears to be proportional with the total brain volume 

loss seen in alcoholism and is not responsible for alcohol-induced hippocampal 

impairments (Agartz et al., 1999).  Fortunately, an NMDA receptor antagonist has been 

shown to increase hippocampal cell proliferation in aged rats (Nacher, Alonso-Llosa, 

Rosell, & McEwen, 2003.  This finding highlights the possibility of uncovering 

treatments to reverse alcohol-induced damage in the future.   

A startling lack of research has been conducted on the joint effect of ethanol and 

aging in animal models.  One study examined the cognitive effects of ethanol in rats 

exposed to long-term alcohol consumption at doses corresponding to the moderate 

alcohol intake of human “social” drinkers (Baird et al., 1998).  Male Sprague-Dawley rats 

voluntarily consumed ethanol for an 18 month period and, after thirty days of abstinence 

to control for residual effects, were evaluated on spatial memory and motor function.  In 

comparison to abstinent aged rats, aged animals chronically exposed to ethanol 

demonstrated significantly lower spatial performance as evaluated on both the Morris 

water maze and radial arm maze.  Interestingly, although cognitive tasks revealed deficits 

in spatial acquisition, no significant differences in motor impairment were observed in 

this study.  The effects of acute ethanol have yet to be investigated.  As the hippocampus 

is established to play a role in spatial memory, age- and alcohol-related changes in 

hippocampal morphology are likely to result in impaired spatial performance in aged 

animals.   
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In conclusion, older adults comprise a culturally and socially diverse group who 

have different alcohol consumption habits and propensities than younger individuals 

(Immonen, Valvanne, & Pitkälä, 2011).  As the population continues to age, alcohol 

consumption and alcohol use problems will place a continued demand on health 

resources (Johnson, 2000).  As such, research should seek to determine the differential 

age-related effects of alcohol in the aging population.  Aged animal models will provide a 

controlled method to examine common alcohol-induced deficits in functional 

performance.  The MWM, accelerating rotarod, and aerial righting reflex will aid in the 

determination of the degree of motor and cognitive deficits seen in elderly animals.  

Continued research with animals will hopefully provide an indication of the detrimental 

effects of acute alcohol consumption experienced by elderly adults.   

Primary Investigative Goal 

 Given the high prevalence of alcohol consumption in the elderly, it is surprising 

that few studies have investigated the differential effects of alcohol on functional 

performance in the aged.  Investigation of alcohol-induced deficits in aged animals is 

vital to understanding the mechanism and impact of alcohol abuse in aging human adults.  

Research with aged animals has verified research with human subjects demonstrating that 

alcohol sensitivity increases with age.  Accordingly, aged rats are more sensitive to 

physiological effects of ethanol such as alcohol-induced hypnosis, hypothermia, 

tolerance, and metabolism.  For this reason, it is hypothesized that aged animals will 

show increased impairments in functional performance compared to adult animals.  

While one study (Baird et al., 1998) demonstrated a decline in spatial functioning in aged 

rats chronically exposed to ethanol, the effects of acute alcohol have yet to be 
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investigated in aged animals. As such, we aim to examine the differential age-related 

effects of acute ethanol on behavioral performance in adult and aged animals.  We 

hypothesize that aged rats will exhibit greater ethanol-induced ataxia and cognitive 

deficits as compared to younger animals, a finding which may or may not be attributable 

to age-related increases in blood ethanol levels. 
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CHAPTER TWO 
 

Methods 
 
 

Experiment 1: Accelerating Rotarod 
 

Subjects: Twenty-four young adult (postnatal day (PD) 70) and 20 aged (18 

months) male Sprague-Dawley rats were obtained from Harlan Laboratories 

(Indianapolis, IN).  Animal care procedures followed the guidelines of the Institutional 

Animal Care and Use Committee of Baylor University.  Animals were given ad libitum 

access to food and water throughout the experiment.  Subjects acclimated to the colony 

room for two days prior to any experimental procedures.   

Apparatus: Motor activity was assessed on the Med Associates, Inc ENV-575 four 

station Rota-Rod treadmill (St. Albans, VT).  The treadmill was located in a behavioral 

room isolated from animal caging and housing.   

Training: Subjects were given five consecutive training trials on the accelerating 

rotarod  (RR) as documented previously (Novier et al., 2012).  Briefly, the rod 

accelerated from 4 rpm to 40 rpm over a five minute period.  The rotarod was interfaced 

to a computer that collected the time each subject remained on the rod up to a maximum 

time of 360 seconds.  Upon averaging the final three training trials, animals who failed to 

meet a criterion of 7 seconds were excluded from rotarod testing.  Based on this standard, 

six young adult and seven aged rats were removed from the study.    

Testing: Twenty-four hours after the last training trial, 18 young adult and 13 

aged rats were randomly assigned to one of the three experimental conditions: 1.0 g/kg, 

1.5 g/kg, or 2.0g/kg ethanol.  Subjects were given an intraperitoneal injection of the 
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appropriate ethanol dose 10 minutes prior to the first testing trial.  Motor behavior on the 

accelerating rotarod was collected 10 minutes, 30 minutes, and 60 minutes after ethanol 

administration.  Immediately following the last testing trial, the tail was nicked and blood 

collected for blood ethanol concentration (BEC) assay via the Analox AM1(UK) 

protocol.  Latency on the rod was analyzed via a mixed factor three-way ANOVA with 

age and dose as the between subjects factors and time as the within subjects factor.  The 

resulting BEC data was compared using a two-way [Age x Dose] ANOVA.   

Experiment 2: Aerial Righting Reflex 
 

Subjects: Eight young adult (PD 70) and eight aged (18 months) male Sprague-

Dawley rats were used to investigate the motor-impairing effect of acute ethanol as 

assessed by the aerial righting reflex (ARR), previously described (Van Skike et al., 

2010).  All subjects were obtained from Harlan (Indianapolis, IN).  Animals were treated 

as in Experiment 1.    

Apparatus: A ruler taped vertically above a foam pad served as the test apparatus.  

Rats were held in the supine position and released from a height of 5 inches (12.7 mm) 

above a foam pad.  Successful righting required that three out of four paws made direct 

contact with the foam pad on two out of three releases.  Success was agreed upon by two 

experimenters.  If the subject failed to display successful righting, release height was 

increased at five inch increments until successful righting was achieved.  Subjects were 

not released more than 25 inches above the foam pad.   

 Testing: Baseline reflexes were determined in both young adult and aged animals 

prior to ethanol administration.  After an inter-trial interval of between 5-10 minutes, all 

subjects were given an intraperitoneal injection of 2.0 g/kg ethanol.  The ability to display 
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a successful righting reflex was assessed at 10, 30, 50, 70, and 90 minutes following 

ethanol injection.  The resulting data was analyzed via a two-way [Age x Time] repeated 

measures ANOVA.  Immediately following the last testing trial, the tail was nicked and 

blood collected for BEC assay via the Analox AM1 protocol.  BEC data for adult and 

aged animals was analyzed with an unpaired t-test.   

Experiment 3: Morris Water Maze 

Subjects: Thirty-two adult (PD 70 days) and 32 aged (18 months) male Sprague-

Dawley rats were used to investigate the effect of acute ethanol exposure on spatial 

memory in the Morris water maze (MWM) as previously described (Chin et al., 2011).  

All subjects were obtained from Harlan (Indianapolis, IN).  Animals were treated as 

described in Experiment 1.    

Apparatus: The MWM tank, which measures 125.7 cm in diameter and 59.7 cm in 

height, is located in an animal testing room surrounded by several extra maze cues.  The 

water in the tank was made opaque with black non-toxic tempera paint and filled to a 

depth of 31 cm.  A Plexiglas platform measuring 30 cm tall and 12.5 cm in diameter was 

placed in the middle of the Southeast quadrant.  The temperature of the water was 

maintained at room temperature (~25º C).   

Training: Subjects were trained to locate a submerged platform in a fixed location 

of the MWM for six days.  Each day consisted of four trials in which the subject was 

released facing the wall from one of the four cardinal compass points as determined by a 

Latin square design.  Each trial had a maximum latency of 45 seconds; if the subject did 

not locate the platform within 45 seconds it was gently guided to the platform.  All rats 

were allowed to stay on the platform for 10 seconds after which they were removed and 
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placed in a plastic holding cage for an inter-trial interval ranging between 30 and 60 

seconds.  Following the trials, rats were dried and returned to the home cage.  Latency, 

path length, and swim speed were recorded using the HVS Image 2100 Plus tracking 

system, UK.  Separate two-way [Age x Day] repeated measures ANOVAs were 

conducted on latency, path length, and swim speed data.   

Testing: Twenty-four hours after the last training day, both adult and aged rats 

were randomly assigned to one of the four experimental conditions: saline control, 1.0 

g/kg, 1.5 g/kg or 2.0 g/kg ethanol.  Animals were given an intraperitoneal injection of the 

appropriate dose 30 minutes prior to testing.  During testing, rats were given four trials 

starting from each cardinal direction and allowed 45 seconds to locate the hidden 

platform, which remained in the same spatial location as was used during training.  

Immediately following the fourth testing trial, the tail was nicked and blood collected for 

BEC assay via the Analox AM1 protocol.  Latency, path length, and swim speed were 

subject to independent analyses via two-way [Age x Dose] ANOVAs.   

Probe trial: Twenty-four hours after the test day, the platform was removed from 

the MWM and a single probe trial conducted.  Animals began the trial from the western 

quadrant, the furthest start location from the platform.  After the 45 second trial, the rats 

were dried and returned to their cages.  The percentage of time spent in the target 

quadrant was analyzed via a two-way [Age x Quadrant] ANOVA.   
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CHAPTER THREE 
 

Results 
 
 

Experiment 1: Accelerating Rotarod 
 
 The average of the last three training trials revealed no significant difference  

between young adult and aged rats in performance, F(1, 30) = .003, p > 0.05 (data not  

shown).  Following ethanol administration, significant main effects were found for both  
 
age, F(1,25) = 5.55, p < 0.05, and dose, F (2,25) = 4.32, p < 0.05 (see Figure 1).   
 
 
A      B 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Mean latency on the accelerating rotarod following acute ethanol 
administration.  (a) Adult animals remained on the rod significantly longer than (b) aged 
animals.  *p < 0.05, error bars denote SEM.   
 
 
Thus, although performance in both groups degraded with increasing doses of ethanol, 

aged animals exhibited worse performance than adults at all doses.  No significant effects 

were found for time,  F(1,25) = 2.18, p > 0.05, or the interaction of age and dose, F(2,25) 

= 1.02, p > 0.05.  As expected, BEC levels were influenced by dose of ethanol, F(2,30) = 

13.16, p < 0.01.  Interestingly, BEC data revealed no significant difference between age 

groups, F(1,30) = 0.157, p > 0.05, indicating that the greater performance deficits we 
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observed in aged animals were not attributable to age-dependent increases in BEC levels.  

For a summary of BEC values found in all experiments, see Table 1.   

 
Table 1: Mean blood ethanol concentration (BEC) in mg/dL for all doses in 
accelerating rotatod (RR), aerial righting reflex (ARR), and Morris water 

maze (MWM).  SEM shown in parentheses.   

   
Age Dose RR ARR MWM 

Adult 1.0 g/kg 83.47 (5.61) 91.96 (8.45) 
Adult 1.5 g/kg 130.36 (23.70) 158.63 (5.49) 
Adult 2.0 g/kg 179.57 (20.25) 178.23 (3.96) 206.25 (11.41) 
Aged 1.0 g/kg 73.15 (10.00) 91.35 (9.40) 
Aged 1.5 g/kg 132.42 (18.00) 138.96 (7.55) 
Aged 2.0 g/kg 169.63 (23.27) 214 (6.66) 177.53 (14.22) 

 

 
 

Experiment 2: Aerial Righting Reflex 
 
  Both adult and aged animals performed equivalently on the initial measure of 

baseline reflexes (all animals successfully righted at five inches).  As shown in Figure 2, 

the effects of ethanol on aerial righting reflex were age-dependent.  ANOVA revealed a 

significant main effect of both time, F(4, 56) = 4.63, p < 0.05, and age, F(1, 56) = 273.7, 

p < 0.05, indicating that aged animals performed more poorly than young adults 

throughout the 90 minute measurement period.  No interaction was found, F(4, 56) = 

1.073, p > 0.05.  Analysis of BEC levels revealed a significant difference between adult 

and aged animals despite equivalent ethanol exposure, t(1, 14) = 4.616,  p < 0.05 (Table 

1).  To further investigate the relationship between BECs and ARR performance we 

conducted a set of additional analyses.  First, we investigated whether BEC values 

determined 90 minutes after ethanol injection correlated with ARR performance 90 

minutes after injection in both young adult and aged rats.  Interestingly, BEC did not 
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significantly correlate with ARR performance in either age group (r = 0.09 for young 

adult rats and r = 0.049 for aged rats; both ages p > 0.05).   
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Figure 2.  Mean height for successful righting on the aerial righting reflex task following 
2.0 g/kg ethanol.  Aged rats performed statistically worse than young adults.    
 
 
We subsequently conducted an ANCOVA to investigate if controlling for BEC level 

altered the age-related difference in ARR performance.   Importantly, alcohol produced 

differential impairments between aged and young adult animals even when BEC was 

used as a covariate, F(1,13) = 133.52, p < 0.001).   Together, these data indicate that 

differential ethanol-impaired ARR performance was not due to differences in ethanol 

levels.   

Experiment 3: Morris Water Maze 
 

Training: Figure 3 shows that both aged and young adult rats learned the location 

of the hidden platform as evidenced by a significant effect of day of training for both 

latency, F(5, 310) = 62.85, p < 0.05, and path length, F(5, 310) = 46.43, p < 0.05.  

Compared with young adult animals, aged rats had a significantly higher latency to the 
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platform during training, F(1, 310) = 14.82, p < 0.05, a finding not attributable to path 

length, F(1, 310) = 0.419, p > 0.05.   

 
A      B 

 

 
 
 
 
 
 

 

Figure 3.  Spatial acquisition in the Morris water maze (MWM) during training.  Adult 
and aged animals learn the location of the submerged platform as evaluated by (a) latency 
and (b) path length.  Error bars denote SEM.   
 

As shown in Figure 4, differences in platform latency were accounted for by differences 

in swim speed between the young adult and aged groups F(5, 310) = 2.604, p < 0.05.   
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Figure 4.  Swim speed during training in the Morris water maze (MWM).  Bonferroni 
posttests indicate that aged animals had a significantly slower swim speed during the first 
five days of training.  *p < 0.05, error bars denote SEM.   
 
 
Bonferroni tests revealed this difference to be significant on training days one through 

five (Figure 4).  Importantly, both age groups performed equivalently on the final training 

Da
y 1

Da
y 2

Da
y 3

Da
y 4

Da
y 5

Da
y 6

0

10

20

30

40

50
Adult
Aged

L
at
en
cy
 (
se
co
n
d
s)

Da
y 1

Da
y 2

Da
y 3

Da
y 4

Da
y 5

Da
y 6

0

5

10

15
Adult
Aged

P
at
h
 L
en
g
th
 (
m
)



33 
 

day in all three measures.  This indicates that aged rats likely did not have impaired 

spatial acquisition, but rather that deficits in swim speed contributed to the observed 

increased latency to the platform.   

Testing: Separate two-way ANOVAs were performed for latency, swim path and 

swim speed.  Figure 5A shows that there was a significant Age x Dose interaction for 

latency such that aged animals were more affected by increasing doses of ethanol 

compared to young adults, F(3,56) = 2.911, p < 0.05.  Bonferroni tests revealed that older 

rats showed increased latency to find the platform specifically after the administration of 

1.5g/kg and 2.0 g/kg ethanol.  Although no interaction was found, path length (Figure 5 

B) showed a significant main effect of both dose, F(1,56) = 4.908, p < 0.05, and age, 

F(3,56) = 4.157, p < 0.05.  Similar results in the swim speed measure were found for 

dose, F(1,56) = 14.33, p < 0.05, and age, F(1,56) = 3.552, p < 0.05, (Figure 5C ).  

Finally, BEC analysis revealed main effects of dose, F(2,42) = 52.36, and age, F(1,42) = 

4.144, p < 0.  05.  Interestingly, young adult animals had significantly higher BEC levels 

than aged animals (Table 1).  Thus, young adult rats showed better performance in the 

MWM in all three measures despite having increased BECs compared to aged animals.   
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Figure 5.  Latency, path length, and swim speed in the Morris water maze (MWM) 
following acute ethanol administration.  (a) Bonferroni posttests indicate that aged 
animals have increased latency to the platform at doses of 1.5g/kg and 2.0 g/kg ethanol.  
(b) Aged animals have increased travel paths to the submerged platform relative to adults.  
(c) Aged animals have decreased swim speed as compared to young adults.  *p < 0.05, 
error bars denote SEM.   

 
 
 

 
 
 
 

Sa
lin
e

1.0
 g
/kg

1.5
 g
/kg

2.0
 g
/kg

0

10

20

30

40
Adult
Aged

La
te
nc
y 
(s
ec
on
ds
)

Sa
lin
e

1.0
 g
/kg

1.5
 g
/kg

2.0
 g
/kg

0

2

4

6

8

10
Adult
Aged

P
at
h 
L
en
gt
h
 (
m
)

Sa
lin
e

1.0
 g
/kg

1.5
 g
/kg

2.0
 g
/kg

0.0

0.1

0.2

0.3

0.4

0.5
Adult
Aged

S
w
im
 S
pe
ed
 (
m
/s
)



35 
 

 
 

CHAPTER FOUR 
 

Discussion 
 
 

The results of the present study revealed a profound increase in ethanol-induced 

ataxia and cognitive impairments in aged animals as evaluated in all behavioral tasks.  

Importantly, age-related impairments in both cognitive and motor tasks were observed 

despite comparable performance between young adult and aged animals in all baseline 

measures.  In the RR, no significant differences in latency were found between ages 

during rotarod training; additionally, analysis of BEC levels revealed no age-dependent 

effects.  Results from the ARR likewise revealed similar baseline performance between 

both age groups as all subjects displayed successful righting at the minimum release 

height of five inches prior to the ethanol challenge.  Similarly, adult and aged animals 

demonstrated comparable rates of spatial acquisition in the cognitive task.  While aged 

rats did have higher latency to the platform relative to adults during MWM training, a 

significant interaction between age and swim speed signifies that aged animals exhibited 

impairments in rate of motion and not necessarily in learning.  The fact that analysis 

yielded no significant effects of age on the path length measure further indicates that the 

poor training performance observed in the aged group was reflective of motor but not 

spatial acquisition differences.  Importantly, both age groups performed equivalently in 

latency, path length, and swim speed on the final day of training.  Thus, no differences in 

baseline performance between adult and aged rats were present in either motor 

coordination or cognitive tasks.  Despite analogous baseline performance between both 

groups, aged animals showed greater ethanol-induced ataxia than adults as evidenced by 
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decreased latency in RR and increased righting height in ARR tasks.  Furthermore, aged 

animals were more sensitive to the spatial memory-impairing effects of ethanol as 

assessed in the MWM.   

Research has shown that aging is associated with deficits in motor-learning tasks 

in both humans (Pratt, Chasteen, & Abrams, 1994) and rodents. Previous work found that 

aged rats show decrements in motor coordination, balance, and reflexes as evaluated by 

the rotarod and other tasks of motor performance (Shukitt-Hale et al., 1998; Wallace et 

al., 1980).  To the best of our knowledge, no study has yet examined the differential 

effects of ethanol on motor coordination in aged rats using the RR.  Although the present 

study found  no significant age differences in baseline rotarod performance, aged animals 

appeared to be more adversely affected by ethanol than young adults.  A potential 

limitation of the RR experiment was the inclusion of a seven second minimum average 

latency for each animal; we felt it was necessary that all rats be proficient on the rod in 

order to detect ethanol-induced impairments.  The protocol to address differential 

performance on the RR varies widely; for example, one study chose to re-run trials in 

which a minimum latency was not met (Gallate, Morley, Ambermoon, & McGregor, 

2003).  However, we chose instead to exclude these animals from alcohol testing entirely 

in an effort to reduce any potential confounds of practice time.   

Our results agree with a previous report demonstrating that acute ethanol 

produces age-dependent impairments in ARR performance (Van Skike et al., 2010).  

Additionally, Van Skike et al. (2010) also report that baseline, pre-ethanol, ARR 

performance is not affected by age.  Interestingly, although Van Skike et al. (2010) found 

significant differences in righting height between aged animals and both preadolescent 
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and adolescent rats, the performance of young adult and aged animals was not 

significantly different.  A possible explanation for this discrepancy is our inclusion of 

additional test points in the present study; while Van Skike et al. (2010) assessed 

performance at 10, 20, 30, and 40 minutes following ethanol administration, we measured 

righting reflex up to 90 minutes post ethanol.   

Deficits in motor coordination occur as a function of normal aging (Gage et al., 

1984).  Both humans (Frontera et al., 2000; Young, 1997) and rats (Lushaj et al., 2008) 

experience an age-dependent decrease in muscle mass and strength, known as sarcopenia, 

which may contribute to observed declines in motor function.  Evidence from rodent 

models indicates that the loss of muscle mass can be attributed to both a reduction in 

muscle fiber number and fiber atrophy (Hepple, Ross, & Rempfer, 2004; Ishihara, 

Naitoh, & Katsuta, 1987).  It appears that the degeneration of muscles fibers is dependent 

upon fiber type; research has indicated that Type II, or fast-twitch muscles fibers, are 

more susceptible to atrophy than Type 1, slow twitch fibers (Holloszy et al., 1991; 

Ishihara et al., 1987, but see Rowan et al., 2011).  Among the mechanisms proposed to 

contribute to sarcopenia, the role of mitochondrial dysfunction has arguably been the 

most hypothesized.  Specifically, the loss of skeletal muscle during senescence has been 

attributed to mitochondrial DNA deletion mutations (Wanagat, Cao, Pathare, & Aiken, 

2001), electron transport system abnormalities (Bua et al., 2002), and an increased 

incidence of mitochondrial-triggered apoptosis (Chabi et al., 2008; Dirks & 

Leeuwenburgh, 2002).  Environmental factors, such as caloric restriction and exercise, 

also appear to mediate muscle tissue deterioration during aging (Brown, Ross, & 

Holloszy, 1992; Phillips & Leeuwenburgh, 2005).   
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In addition to skeletal muscle loss, deficits of the striatal dopaminergic system 

may also contribute to the age-related deficits in motor performance.  Alterations in the 

dopamine D2 receptor system have been associated with motor-related impairments in 

balance, strength, and coordination in senescent rodents (Fetsko, Xu, & Wang, 2005; 

Roth & Joseph, 1994).  Accordingly, it has been well established that aging is 

accompanied by a reduction in D2 receptor concentration in rats and other species (Han et 

al., 1989; Henry, Filburn, Joseph, & Roth, 1986; Morelli et al., 1990; Roth & Joseph, 

1994).  In fact, Han et al. (1989) found that D2 receptor density decreased approximately 

30 to 35 percent across the Wistar rat lifespan.  Furthermore, both striatal dopamine D1 

and D2 receptors appear to undergo a decrease in neuronal responsiveness with age 

(Gould et al., 1996).  It has been speculated that reduction in receptor concentration is 

associated with decreases in D2 mRNA synthesis; results from Mesco et al. (1991) 

suggested that the striatal nuclei of senescent rats contained only about half as much 

mRNA as younger animals.  Dopamine receptor loss has also been attributed to cell death 

(Mesco et al., 1993).  Given the comparable baseline performance between age groups in 

the present study, we believe that the observed ethanol-induced motor deficits in aged 

animals were additive with, and not simply a result of, normal age-related impairments.  

However, our results do contradict with previous studies documenting a significant age-

only decrease in motor abilities. Future research should utilize an abstinent, aged control 

group to adequately assess the possible cumulative effects of aging and ethanol-induced 

ataxia.   

Our lab has investigated the role of protein kinase C (PKCγ) in the motor-

impairing effects of ethanol (Van Skike et al., 2010).  Briefly, PKC is a family of 
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phospholipid-dependent kinases involved in many cellular signaling pathways (Corbalán-

García & Gómez-Fernández, 2006; Nishizuka, 1995).  Evidence indicates that PKC plays 

an important role in the regulation of GABAA and acts by phosphorylating the β and 

possibly γ2 subunits of GABAA receptors, thus decreasing their activation by GABA.  In 

this way, PKC modulates GABAA receptor chloride conductance, surface density, and 

sensitivity to allosteric activators such as ethanol (for a review see Song and Messing, 

2005).  Although research has identified age-related alterations in PKC in the brain, the 

findings remain controversial.  Friedman and Wang (1989) isolated changes in PKC 

activity and translocation in the cortex of aged Fisher 344 rats, while Battaini et al.  

(1990) found decreased kinase activity in the cortex, increased activity in the 

hippocampus, and no change in the cerebellum of aged animals.  In direct contradiction 

to these findings, one study found no age-related modifications of PKC activity in either 

the cortex, hippocampus, or cerebellum (Battaini et al., 1995).  Future work should 

determine if differences in PKC expression or activity exist in the aging model.   

Among the known isoforms of PKC, γ and ε have been shown to differentially 

regulate sensitivity to the actions of ethanol.  For example, PKCγ knock-out mice show 

reduced sensitivity to the motor-impairing and hypothermic effects of ethanol (Harris et 

al., 1995), and self-administer ethanol in greater quantities that control mice (Bowers & 

Wehner, 2001).  In contrast, mice lacking the ε isoform of PKC display reduced 

preferences for ethanol and have heighted behavioral responses as compared to wild-type 

littermates (Hodge et al., 1999).  Due to the implications of PKC in ethanol-induced 

motor impairments, Van Skike et al. (2010) examined the expression of PKCγ in the 

cortex and cerebellum of adolescent and adult rats.  Since adolescent rats are reportedly 
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less sensitive to the ataxic effects of alcohol (White et al., 2002), the authors 

hypothesized that adolescent rats would have decreased PKCγ expression in those areas 

of the brain involved in motor function and coordination.  Consistent with their 

hypothesis, adolescent rats showed attenuated behavioral impairments in response to 

ethanol and a modest reduction in PKCγ peptide expression in the cortex and cerebellum 

compared to adult rats.  These results indicate that PKC levels may account for age-

dependent differences in ethanol-induced motor sensitivity.  In accordance with this, we 

speculate that heightened PKCγ expression may be responsible for increased sensitivity 

to the motor-impairing effects of ethanol observed in aged rats.  To the best of our 

knowledge, no study has specifically examined the expression of PKCγ or PKCε in the 

cortex or cerebellum of the aging rodent model.   

Examination of ethanol-induced cognitive impairments in the present study 

revealed significant group differences in the MWM as measured by latency, swim speed, 

and path length.  Although aged animals did have higher latency to the platform during 

training, we believe that this difference was attributable to age-related declines in swim 

speed.  Importantly, group differences in path length were not identified during analysis 

of MWM training data which indicates that both age groups had similar rates of learning 

acquisition.  Furthermore, both young adult and aged animals displayed comparable 

performance in all three measures on the final day of training.   Following acute ethanol 

administration, aged animals showed greater deficits in spatial cognition compared to 

young adults.  A significant main effect of swim path indicates that aged animals had 

impaired spatial memory that was unrelated to any possible age-dependent declines in 

motor ability.   
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Previous research has documented age-related deficits in spatial information 

processing as evaluated in the MWM (Fischer et al., 1992; Gage et al., 1984; Rapp et al., 

1987) and other tasks of spatial performance (Barnes, 1979; Shukitt-Hale et al., 2004).  

The role of the hippocampus in spatial processing has been well established.  O’Keefe 

and Nadel (1978) proposed that hippocampus is primarily responsible for forming a 

cognitive map of the environment and one’s location within that environment.  

Furthermore, place cells have been localized to the hippocampus; these neurons exhibit a 

high rate of firing when an animal’s head is in a specific position of the environment 

(O'Keefe & Dostrovsky, 1971).  Research with rodent models suggests that the 

hippocampus is susceptible to age-related functional alterations which may contribute to 

the observed deficits in learning and memory.  Morphologically, the aging hippocampus 

has been shown to suffer a significant reduction in volume (Driscoll et al., 2006), 

neuronal cell loss (West, 1993), and decreases in apical dendritic spine density in subfield 

CA1.  Geinisman et al. (1986) conducted a study in which animals were separated into 

groups based on the extent of spatial performance deficits, and not strictly by 

chronological age.  Importantly, their results found a correlation between memory 

impairment and decreases in perforated axospinous synapses in the hippocampus that was 

not dependent upon age. These result suggest that spatial memory impairments are 

correlated to hippocampal synapse loss and not simply chronological age (Geinisman et 

al., 1986) 

Due to its projections with the hippocampus (Mesulam et al., 1983), the basal 

forebrain cholinergic system has also been linked to spatial acquisition and spatial 

memory in rodents (Hörtnagl & Hellweg, 1997; Nakamura et al., 1988; Nilsson et al., 
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1992).  Furthermore, basal cholinergic forebrain neurons appear to be particularly 

susceptible to atrophy and degeneration with normal aging (Altavista et al., 1990; Gilad 

et al., 1987).  Research with senescent rats has provided evidence that age-related 

impairments in spatial learning are associated with morphological changes in the 

forebrain cholinergic system (Armstrong et al., 1993; Greferath et al., 2000).  Decreases 

in both the number and size of choline acetyltransferase cell bodies in this area appear to 

be correlated with the degree of spatial impairment in the MWM (Fischer et al., 1992)  

Cholinergic projections within the hippocampus have also been documented to undergo 

age-related changes;  studies have reported decrease in central cholinergic transmission 

(Taylor & Griffith, 1993) as well as a 32 percent reduction of choline acetyltransferase 

fibers in the dorsal hippocampus (Ypsilanti et al., 2008).   

Although aged rodents have previously been shown to have increased sensitivity 

to alcohol as evaluated by higher BEC levels (Kim et al., 2003), results in our study were 

not entirely supportive of this finding.  In fact, data from the RR showed no significant 

difference in the BECs of adult and aged rats.  Furthermore, BEC values were 

inexplicably higher in adult animals than aged in the MWM experiment. Only in the 

ARR were BEC findings consistent with past research showing aged animals with 

significantly higher concentrations of ethanol as compared to adults. However, 

controlling for differential BECs via ANCOVA revealed that aged animals were 

significantly impaired in righting reflex as compared to adults even when BEC was used 

as a covariate. Despite initial age-dependent differences in BEC levels, our results 

indicate that old rats have greater alcohol-induced ataxia and spatial impairment that 



43 
 

cannot be attributed to higher blood alcohol levels.  This increased impairment is 

apparent especially at higher doses of ethanol.   

As of the year 2000, the number of Americans aged 65 years and older who 

regularly consume alcohol has reached 11 million people, a figure which is likely to 

increase (Breslow et al., 2003).  Given the high prevalence of alcohol consumption in the 

elderly, it is surprising that few studies have investigated the differential effects of 

ethanol on functional performance in the old.  We provide evidence that the aged are 

particularly vulnerable to the motor- and cognitive- impairing effects of acute ethanol.  

Elderly individuals who consume alcohol moderately are likely to suffer motor 

coordination deficits which predispose them to falls and consequential health detriments.  

Alarmingly, one study found that nearly 50 percent of elderly patients seeking treatment 

for alcohol abuse or dependence in non-psychiatric wards were admitted due to falls both 

with and without associated head injury (Mulinga, 1999).  As the population continues to 

age, the knowledge of how alcohol interacts differentially with the physiology of the 

elderly is of vital importance.  Future research should address the biological mechanism 

underlying age-dependent increases in ethanol sensitivity.   
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