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A.  Impaired Prefrontal ACh Release        B. Spared Hippocampal ACh Release 

HUMAN 
CONDITI

ON & 
ANIMAL 
MODEL 

• RECOVERED PTD 
RATS AND PAIR-
FED CONTROL 

RATS (PF), HAD  
MICRODIALYSIS 

CANNULAE 
IMPLANT INTO THE 

HIPPOCAMPUS 

•  PTD AND PF RATS 
WERE ASSIGNED 
TO  VOLUNTARY 
EXERCISE (VEX) 
OR STATIONARY 

CONTROL  (STAT) 
HOUSING 

CONDITIONS FOR 2 
-WEEKS 

• AFTER A 2-WK 
RESTORATION 
PERIOD RATS 

WERE TESTED FOR 
IMPROVE 

LEARNING/MEMORY 
PERFORMANCE ON 

SPONTANEOUS 
ALTERNATION TASK 

AND 
ACETYLCHOLINE  

EFFLUX WAS 
ASSESSED 

TREATME
NT 

• KORSAKOFF 
SYNDROME IS AN 

AMNESTIC 
CONDITION 
ASSOCIATED 

CHRONIC 
ALCOHOLISM, BUT 

CAUSED BY 
THIAMINE (B1) 

DEFICIENCY.  

• THIS CAN BE 
MODELED IN RATS 
BY FEEDING THEM 

A THIAMINE 
DEFICIENT DIET 

AND DAILY 
INJECTIONS OF 
PYRITHIAMINE 

UNTIL ACUTE 
NEUROLOGICAL 

SYMPTOMS APPEAR 
(PTD-MODEL) AND 

THEN RESTORING 
THIAMINE 

• PTD RATS HAVE 
DIENCEPHALIC 

PATHOLOGY, LOSS 
OF BASAL FORE 

BRAIN NEURONS, 
REDUCED 

ACETYLCHOLINE 
RELEASE AND 

LEARNING AND 
MEMORY 

IMPAIRMENT. 

NEUROBIO

LOGICAL 
EXPLANAT

ION 

• VOLUNTARY 
EXERCISE 

THROUGH THE 
RELEASE OF 

TROPHIC 
FACTORS WILL 

RECOVERY 
QUIESCENT 

CHOLINERGIC  
NEURONS IN THE 

MEDIAL 
SEPTUM/

DIAGONAL BAND 

• THIS LEADS TO 
RECOVERED 
LEARNING, 

MEMORY AND 
ACETYLCHOLIN

E RELEASE. 

Conclusions 

• AIE did not lead to significant spatial learning or memory deficits when animals 

are assessed as young adults.  

• AIE did cause a significant impairment in attentional set shifting, indicating EtOH 

induced impairments in cognitive flexibility.  
• AIE exposure produced a region specific functional cholinergic deficit: 

behaviorally-stimulated frontal cortical (but not hippocampal) ACh efflux was 

significantly decreased following AIE. 

• AIE also produced selective cholinergic cell loss: Our findings suggest a 

frontocortical deficit following adolescent EtOH exposure that leads to behavioral 
and neural impairment in early adulthood.  

• The unique role of the forebrain cholinergic nuclei in the cognitive dysfunction 

associated with binge ethanol exposure can be determined using modern 

DREAAD technology. 
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 16.3 million adults and 679,000 adolescents suffered from an alcohol use 
disorder (AUD)1 . Early alcohol exposure (during adolescence) is a risk factor for 

developing AUDs during adulthood 2. Previous studies have found that early 

adolescent EtOH exposure leads to a 30% reduction in forebrain cholinergic 

neurons, but the relationship between cholinergic cell loss and cognitive 

impairment is unclear3. Additionally, the functional effects of EtOH-mediated 
toxicity on functional acetylcholine release are yet to be determined. 

 

 We examined the effects of ethanol (EtOH) exposure via intermittent 

gavage episodes during early adolescence (adolescent intermittent ethanol; 

AIE).To examine long-term consequences of EtOH related dysfunction, rats were 
tested as adults in a series of learning and memory tasks while acetylcholine 

(ACh) levels were recorded during behavior. Following behavioral testing, 

cholinergic cell populations were estimated in the medial septum/diagonal band.  

 

 We hypothesized that chronic, intermittent early 

adolescent ethanol would result in impaired 

frontocortical-dependent cognitive flexibility, as well as 

impairments in functional ACh release.  
 

Adolescent Binge Ethanol Exposure Uniquely Alters Forebrain Cholinergic 

Populations and Reduces Frontocortical Acetylcholine Release  

This work was funded by an NIAAA R01 AA021775 grant awarded to Lisa Savage.  

Spared Spatial Memory 

Figure 3. There were no differences in alternation scores between 
the AIE exposed rats and the control group.  

Adolescent Intermittent Ethanol Exposure (A.I.E) 
Adolescent (PD 25) Male Sprague Dawley rats received a total of 16 water or 20% 

EtOH (v/v) intragastric gavages at a dose of 5 g/kg. Animals received one gavage/

day for 2 days, followed by a 2 day withdrawal period. Blood EtOH Content (BEC) 

was analyzed after the first and 8th gavage.  
 

Behavioral Testing 

Animals recovered for 3 weeks, underwent surgery for HPC and PFC cannulae 
implantation, and were behaviorally tested on a spontaneous alternation task 

during which acetylcholine dialysate was collected. Animals also underwent 

operant set shifting. Following testing, tissue was collected and stained for 

Choline Acetyltransferase (ChAT) and Nestin immunoreactivity in the medial 

septum/diagonal band (MS/DB) and Nucleus Basalis (NbM).    
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Future studies determining the role of the cholinergic forebrain dysfunction in cognitive decline 

following adolescent ethanol binge exposure  
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Figure 3. AIE and control rats learned the response rule at the same rate. 
However,  AIE rats took significantly longer to reach criterion compared to 

controls on the first set shift (T; p<0.05). There were no group differences in a 

subsequent set shift or rule reversal. 
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Reduced Cholinergic Neuronal Phenotypes 
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Figure 1A. In both groups, prefrontal ACh release increased significantly during spontaneous alternation testing compared to 
baseline and post maze levels. AIE animals had significantly lower ACh release during spontaneous alternation, compared to 

control gavaged rats (T; p<0.05). Figure 1B. In both groups, hippocampal ACh release increased during spontaneous 

alternation testing, but AIE did not alter hippocampal ACh efflux.  

BEC 

Gavage 

1     8 

Figure 4A. AIE caused a significantly decreased in ChAT+/Nestin- neurons (≈32.6%) within the MS/DB; p<0.05). In contrast, in the NbM 
ChAT+/Nestin+ neurons are reduced (54%)  following AIE.   Thus, AIE has unique effects on cholinergic phenotypes – dependent on brain 

region.  The loss of ChAT+/Nestin+ cells may be critical to the functional loss of frontocortical ACh release. 
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Experimental$Design:$

Site$specific$virus
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Experimental$Design:$

Selective frontocortical dysfunction in tonic ACh efflux
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