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Abstract

Alcohol misuse represents a serious health concern, especially during adolescence, with approximately 18% of high school
students engaging in binge drinking. Despite widespread misuse of alcohol, its effects on how the brain functions is not
fully understood. This study utilized a binge drinking model in adolescent rats to examine effects on brain function as
measured by brain glucose metabolism (BGluM). Following an injection of ['® FDG] fluro-2-deoxy-D-glucose, rats had
voluntary access to either water or various concentrations of ethanol to obtain the following targeted doses: water (no
ethanol), low dose ethanol (0.29+0.03 g/kg), moderate dose ethanol (0.98 +0.05), and high dose ethanol (2.19+0.23 g/
kg). Rats were subsequently scanned using positron emission tomography. All three doses of ethanol were found to
decrease BGIuM in the restrosplenial cortex, visual cortex, jaw region of the somatosensory cortex, and cerebellum.
For both the LD and MD ethanol dose, decreased BGluM was seen in the superior colliculi. The MD ethanol dose also
decreased BGIuM in the subiculum, frontal association area, as well as the primary motor cortex. Lastly, the HD ethanol
dose decreased BGluM in the hippocampus, thalamus, raphe nucleus, inferior colliculus, and the primary motor cortex.
Similar decreases in the hippocampus were also seen in the LD group. Taken together, these results highlight the negative
consequences of acute binge drinking on BGluM in many regions of the brain involved in sensory, motor, and cognitive
processes. Future studies are needed to assess the long-term effects of alcohol binge drinking on brain function as well
as its cessation.
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Introduction binge drinking as drinking five or more alcoholic drinks on

the same occasion on at least one day in the past 30 days.

Alcohol binge drinking is a widespread problem among
adolescents and young adults. The Substance Abuse and
Mental Health Services Administration (SAMSHA) defines
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The National Institute on Alcohol Abuse and Alcoholism
(NIAAA) defines binge drinking as a pattern of drinking
that produces blood alcohol concentrations of greater than
0.08 g/dL. A blood alcohol content (BAC) of 0.08 g/dL usu-
ally occurs after four drinks for women and five drinks for
men over a two hour period (SAMSHA 2015).

Binge drinking is a major public health problem that has
serious risks in being associated with acute and chronic
health problems. Physical consequences in the form of
injury as well as cognitive consequences are problems asso-
ciated acute with binge drinking (Krieger, 2018). Chronic
consequences include alcohol dependence and alcohol use
disorder (Kuntsche et al. 2017).

Binge exposure to alcohol produces more widespread
damage to the brain in adolescents compared to adults
(Crews et al. 2000) and binge drinking has been associated
with increased likelihood of psychiatric problems among

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11011-022-00977-8&domain=pdf&date_stamp=2022-5-13

1902

Metabolic Brain Disease (2022) 37:1901-1908

adolescence (Esser et al. 2017; Kandel et al. 1997; Miller
et al. 2007). Though levels of alcohol use among youth in
the United States have seen a decline in recent decades with
past interventions, alcohol remains the most commonly
used substance and its use is a leading cause of death and
injury (Patrick and Schulenberg 2013). In the United States,
17.7% of high school students report binge drinking during
the past 30 days and one in six high school students were
binge drinkers (Esser et al. 2017). Binge drinking is also a
global issue. According to the World Health Organization,
3 million deaths every year result from the harmful use of
alcohol, which represents 5.3% of all deaths worldwide
(WHO, 2018). Despite widespread use of alcohol, its impact
on how the brain functions remains incomplete.

Positron emission tomography (PET) imaging and the
use of the radiotracer 2-['*FDG] fluro-2-deoxy-D-glucose
(FDQ) is a powerful tool to examine changes in brain func-
tion. Since glucose is the main source of energy in the
mammalian brain, we can assess brain glucose metabolism
(BGluM) as an indicator of brain function. FDG PET is
particularly strong because it characterizes BGluM non-
invasively in the awake subject. FDG PET has been used
extensively for studying alcohol abuse in humans (Thanos
et al. 2008). Volkow and colleagues showed that alcohol
administration (at 0.5 g/kg) in healthy human subjects sub-
stantially reduced glucose utilization that nearly parallels
what is seen with anesthetics (Volkow et al. 2006). Given
that these doses induced only mild intoxication, it raised
the question whether alcohol intoxication changes the way
the brain utilizes energy sources. The inhibitory effects of
ethanol on glucose utilization was also seen to be greater in
alcoholics (Volkow et al. 1990). It was later discovered that
alcohol intoxication increased [1-'" C] acetate uptake in the
brain in areas with the lowest glucose uptake (Volkow et
al. 2013). This effect trended higher among heavy drinkers.
The utilization of alternative energy source during alcohol
intoxication clarifies the paradoxical findings from Volkow
and colleagues (2006) showing profound decreases in glu-
cose utilization with minimal impact on cognition.

The impact of ethanol on brain activity has been examined
in rodents using a variety of techniques as well as routes of
administration. Williams-Hemby and Porrino found dose-
dependent effects of acute intraperitoneally-injected (IP)
ethanol administration on glucose utilization, as measured
with ['"* C] 2-deoxyglucose autoradiography (Williams-
Hemby and Porrino 1994). Specifically, low (0.25 g/kg)
and moderate (0.5 g/kg) doses of ethanol increased glucose
utilization in several limbic, cortical, somatosensory, and
midbrain regions, whereas their high dose (1.0 g/kg) pro-
moted widespread decreases in glucose utilization. Using
the same method for determining glucose utilization, acute
intragastric administration of ethanol (at doses of 0.25-2 g/
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kg) increased glucose utilization in the mesocorticolimbic
circuit (Williams-Hemby and Porrino 1997). In addition,
rats maintained on stable oral self-administration of etha-
nol (0.5 g/kg) show increased glucose utilization in many
striatal, cortical, and limbic areas (Porrino et al. 1998).
As described, these changes following chronic oral self-
administration differ from a similar dose given acutely via
IP injection. Recently, Gispert and colleagues showed the
effects of acute alcohol administration (1.5 g/kg via IP injec-
tion) differed depending on prior experience with alcohol
in a rodent model of alcoholism with FDG PET imaging
(Gispert et al. 2017). In alcohol-naive rats, acute admin-
istration induced significant decreases in glucose uptake.
This effect was attenuated in rats who were short-term alco-
hol drinkers (three months) and long-term alcohol drink-
ers (twelve months). Thus, alcohol differentially impacts
glucose utilization in rats depending on the route that it is
administered as well as prior history of alcohol use.

Although initial studies in adult humans have helped
shape our understanding on the effects of alcohol on the
brain, there is still much to be understood. In particu-
lar, there is a great lack of understanding on how alcohol
changes brain function during adolescence, where there is
great concern for potential developmental effects. Alcohol
exposure during adolescence has detrimental and long-term
consequences, including increased risk of violence and
unintentional injuries (Hingson et al. 2009), increased risk
for alcohol use disorder in adulthood (Grant and Dawson
1997), as well as a plethora of neurodevelopmental changes
related to the structure of the brain as well as neurotransmit-
ter systems (Crews et al. 2016; Lees et al. 2020). Moreover,
the pattern of alcohol consumption on BGIuM is something
that hasn’t received much attention. Binge drinking is known
to be a far more dangerous pattern of excessive alcohol use
and increases the risk of alcohol use disorder (Chung et al.
2018). While adolescent binge drinking represents a serious
health concern, there are challenges to directly studying its
effect on BGluM in the human population. Since studying
the effects of binge drinking is not feasible in adolescent
humans, we use adolescent rats to model this effect.

The present study is the first to examine the effects of
acute oral binge ethanol consumption in rats on brain glu-
cose utilization and brain functional connectivity using FDG
PET. Different doses of binge ethanol consumption were
compared and selected based on the literature (McDowell et
al. 2005). Our low dose (LD) treatment group was approxi-
mately 0.25 g/kg of ethanol or a 0.025 BAC (equivalent to
1.3 drinks in women and 1.5 drinks in men). Our moderate
dose (MD) treatment group was 1 g/kg of ethanol [0.1 BAC
is equivalent to 5 drinks for women and 6 drinks for men]
(Duke et al. 2011). Our high dose (HD) treatment group was
2.2 g/kg of ethanol (0.22 BAC). Both the MD treatment as
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well as our HD treatment in our study fits the threshold defi-
nition of binge drinking of four drinks for women and five
drinks for men over a two hour period (SAMSHA 2015).

Methods

Animals: Male, (n=24) adolescent Sprague-Dawley rats
(Taconic Inc., Germantown, NY) were housed individually
with a 12-h reverse light-dark cycle (lights off at 0800 h)
in a temperature and humidity-controlled room. Two
weeks prior to the beginning of the PET imaging phase of
the study, rats were gradually trained to drink daily their
day’s water volume during a limited access 10-minute ses-
sion. Food was always provided ad libitum. Animals were
then randomly separated into four treatment groups prior
to [F'®] FDG uPET scans: (1) water control, (2) low dose
(LD) ethanol (0.29+0.03 g/kg), (3) moderate dose (MD)
ethanol (0.98+£0.05 g/kg), and (4) high dose (HD) ethanol
(2.19+£0.23 g/kg). Animals were scanned between 6 and 8
weeks of age. All experiments were conducted in confor-
mity with the National Academy of Science Guide for Care
and Use Laboratory Animals and approved by the Univer-
sity Institutional Animal Care and Use Committee.
Procedures: Binge Drinking. Two weeks prior to the first
WUPET scan, animals were gradually trained to daily limited
access drinking of water for 10 min a day. This resulted in
similar daily volume as ad libitum 24 h drinking, except that
now it took place during the limited 10 min availability of
the water bottle. During this two-week period, rats showed
no signs of stress, as indicated by changes in porphyrin, coat
appearance, or activity. All rats had to show stable water
consumption for 2 consecutive days of less than 20% vari-
ance in the volume consumed before the day of PET scan-
ning. The purpose of this design was to fit the timeframe
associated with the dynamic uptake of the FDG tracer in
the brain. The voluntary consumption of alcohol needed to
occur between the point of FDG injection and before a pla-
teau is seen with FDG uptake inside active brain cells.
uPET Scans. Rats were given a bolus injection of ~400
uCi of [F'®] FDG, T=0 min. A blood sample was taken
from the tail vein and a blood glucose measurement was
taken to ensure similar baseline blood glucose levels prior
to FDG injection. Ten minutes after the initial FDG injec-
tion, rats were presented with their daily drinking bottle,
this time containing one of the following: water, low dose,
moderate dose, or high dose of ethanol, T=10 min. Rats
were given 10 min of limited access to drink in their home
cage after which point the bottle was removed (T =20 min).
After the solution was removed, rats were anesthetized with
isoflurane (T =30 min). At this point, rats were scanned for
a total of 20 min in a uPET R4 scanner. The rat was placed
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Fig. 1 Timeline of FDG pPET scan protocol

in a stereotaxic head holder (David Kopf, Instruments;
CA, USA) in a prone position on the bed of the scanner. A
second blood sample was taken from the tail vein and glu-
cose measurement was taken after administration of FDG
to ensure proper blood glucose levels after tracer injection,
T=40 (Fig. 1).

uPET imaging. An R4 microPET tomograph (transaxial
resolution=2.0 mm full width at half maximum, field of
view=1 1.5 mm was used for pPET imaging (Concorde
Microsystems, Knoxville, TN). Animals were placed in the
center field of view and were scanned under a static FDG for
20 min using a ramp filter with cutoff at Nyquist frequency.

Image Analysis. Images were reconstructed using a MAP
algorithm (15 iterations, 0.01 smoothing value, 245 %256
resolution) and manually co-registered onto an MRI tem-
plate of the Paxinos and Watson stereotaxic coordinates
(Schweinhardt et al. 2003) using PMOD version 3.9 soft-
ware (PMOD Technologies, Zurich, Switzerland). A region
of interest (ROI) template in the PMOD 3.9 software was
used to determine percent changes in BGLuM at a regional
level. In addition, statistical Parametric Software (SPM
R2018a) was used to identify changes in BGIuM for etha-
nol treated rats compared to the control group with clusters
of voxel threshold K>50 and p<0.001 set as significant,
based on prior recommendations (Woo et al. 2014). A
one-way ANOVA was performed to identify significant
contrasts. These clusters were then overlaid onto an MRI
template using AMIDE software to generate images.

Results

A one-way ANOVA was conducted and all contrasts
reported fulfilled conservative criteria of p<0.001 and a
minimum significant cluster of K>50 voxels. The signifi-
cant clusters resulting from between groups were compiled
(Table 1) and regions of the brain that contained significant
clusters were identified (Fig. 2). Functional imaging results
were also summarized in a sagittal view brain circuit show-
ing the activation and inhibition circuits of the brain associ-
ated with binge ethanol consumption (Fig. 3).

Rats binge drinking low dose ethanol, compared to con-
trol rats (drinking water), showed significant inhibition of
BGIuM in the primary and secondary visual cortices (V1,
V2), retrosplenial cortex (Rs), primary somatosensory
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Table 1 Summary of results for significant cluster values of p <0.001 and K >50. The table shows the effects of LD ethanol binge drinking, MD
ethanol binge drinking, and HD ethanol binge drinking on rat BGluM. Activation and inhibition are represented by +/-, respectively. Coordinates
are in stereotaxic space where ML is medial/lateral, AP is anterior/posterior and DV is dorsal/ventral

Brain Region Effect (+/-) ML AP DV T value Z score (K)
Water > LD Ethanol Binge Drinking

Retrosplenial Cortex (Rs)/ Superior colliculus (Sc)/ Primary - -1.8 -7.4 2.6 7.68 4.30 15,646
Visual Cortex (V1)/ Secondary visual Cortex (V2), Hippocampus

(HP)

Primary Somatosensory Cortex Jaw Region (SJ) - -5.4 1.0 2.6 5.34 3.59 269
Retrosplenial Cortex (Rs) - 1.0 -6.0 0.6 4.95 3.44 90
6a Cerebellar lobule (6aCb) - -2.0 -12.8 2.6 4.73 3.35 82
Primary Somatosensory Cortex Jaw Region (SJ) - 5.0 1.8 2.6 5.55 3.67 61
Water > MD Ethanol Binge Drinking

Retrosplenial Cortex (Rs)/ Superior colliculus (Sc)/ Primary - -1.8 -7.4 2.6 7.36 4.22 10,492
Visual Cortex (V1)/ Secondary visual Cortex (V2)

Primary Motor Cortex (M1) - -1.8 24 1.4 4.78 3.37 370
8th cerebellar lobule (8Cb) - -2.0 -12.8 5.6 5.49 3.65 320
Subiculum (S) - 4.8 -6.8 6.0 4.66 3.32 221
Primary Somatosensory Cortex Jaw Region (SJ) - -4.8 1.8 32 5.03 3.47 124
Retrosplenial Cortex (Rs) - -0.6 -6.4 0.8 4.91 343 87
Front Association Area (FrA) - -1.6 5.2 32 4.61 3.30 70
Water >HD Ethanol Binge Drinking

Retrosplenial Cortex (Rs) - -0.8 -7.2 2.4 6.60 4.01 866
Hippocampus (HP)/ Thalamus (Th) - -2.6 -3.0 4.2 5.29 3.57 361
Secondary Visual Cortex (V2) - -6.0 -6.8 3.0 4.74 3.36 348
Primary Somatosensory Cortex Jaw Region (SJ) - -5.0 2.2 32 5.56 3.67 343
Primary Motor Cortex (M1) - -1.8 2.6 1.2 4.90 3.42 225
8th cerebellar lobule (8Cb) - -2.2 -12.8 5.6 5.46 3.64 219
Raphe Nucleus (RN) - -3.6 -9.2 8.0 4.58 3.29 117
Inferior Colliculus (BIC) - -3.2 -7.4 5.8 4.43 3.22 55
8th cerebellar lobule (8Cb) - 2.8 -9.8 32 4.99 3.46 50

cortex (SJ), hippocampus (HP), superior colliculus (Sc),
and 6a cerebellar lobule (6aCb). Similarly, rats binge drink-
ing moderate dose ethanol, compared to control, showed
inhibition in the primary and secondary visual cortices (V1,
V2), the retrosplenial cortex (Rs), superior colliculus (Sc)
and primary somatosensory cortex (SJ). The subiculum (S),
primary motor cortex (M1), and frontal association cortex
(FrA) also showed a significant decrease in activity in mod-
erate dose treated rats compared to the control. Rats binge
drinking high dose ethanol showed BGluM inhibition in the
secondary visual cortex (V2), retrosplenial cortex (Rs), 8th
cerebellar lobule (8Cb), and primary somatosensory cortex
(S)), inferior colliculus (BIC), hippocampus (HP), raphe
nucleus (RN), and thalamus (Th) compared to rats drinking
water.

Additionally, each uptake value from each ROI was
divided by the injection dose of FDG and divided by the
body weight to standardize the data. The result was a stan-
dardized uptake value for each region of interest for each
animal and corresponding dose. A heat map, (Fig. 4), was
created (Graphpad Software, San Diego, CA) to illustrate
the percentage changes in SUV for each dose compared to
the control. The negative values associated with decreases
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in BGluM are represented in blue and the positive values
associated with increases in BGIuM are represented in red.

Discussion

Binge drinking is a serious health concern, especially among
the adolescent population. Despite widespread misuse of
alcohol, the deleterious effects of this on brain function is
lacking.

To help address this, the current study is the first to
employ a binge drinking model in adolescent rats using clin-
ically-relevant doses as well as a clinically-relevant route of
administration to determine the impact on BGluM. We show
dose-dependent effects of ethanol on BGluM in areas of the
brain largely responsible for motor, sensory, and cognitive
processes.

Decreased activity from the three ethanol doses were seen
in the retrosplenial cortex and primary motor cortex. The
retrosplenial cortex plays an important role in spatial cogni-
tion while the primary motor cortex aids in the activation
of skeletal muscles and executing their movement (Jiang
et al. 2018; Mitchell et al. 2018; Saab and Willis 2003). In



Metabolic Brain Disease (2022) 37:1901-1908

1905

Water > LD Ethanol

Fig. 2 Coronal mPET images showing surviving significant clus-
ters (p<0.001 at K>50) that were greater in the water drinking rats
compared to rats binge drinking low dose ethanol. The blue clusters
represent areas of the brain associated with inhibition or a decrease
in BGluM associated with each dose of ethanol. Values on the color
bar represent maximum t value seen in the comparison. (Top panel:
Water > LD Ethanol) A-Somatosensory cortex jaw region (SJ), B
Retrosplenial cortex (Rs), Hippocampus (HP), C Primary visual cortex
(V1), Secondary visual cortex (V2), Retrosplenial cortex (Rs), Supe-
rior colliculus (Sc), D—6a cerebellar lobule (6aCb). (Middle panel:
Water > MD Ethanol) A- Frontal Association Cortex (FrA), B- Pri-
mary Motor Cortex (M1), C- Primary visual cortex (V1), Second-
ary visual cortex (V2), Retrosplenial cortex (Rs), Superior colliculus
(Sc), Subiculum (S), D-8th cerebellar lobule (8Cb). (Bottom panel:
Water > MD Ethanol) A-Primary Motor Cortex (M1), Somatosen-
sory cortex jaw region (SJ), B-Hippocampus (HP), Thalamus (Th),
C-Retrosplenial cortex (Rs), Secondary Visual Cortex (V2), Inferior
Colliculus (BIC), D-Raphe nucleus (RN), E-Cerebellum (Cb), F-8th
cerebellar lobule (8Cb).

O ~Ethanol Low Dose (LD)

—Ethanol Moderate Dose (MD) F\—k/\
O ~-Ethanol High Dose (HD)

Fig. 3 Summary of the functional BGluM imaging results. Sagittal
view showing the brain circuit and regions that showed significant
BGIuM inhibition (blue) in the rat brains in response to binge etha-
nol consumption by dose. Significant clusters identified for p<0.001,
voxel threshold K > 50. Circle diameter corresponds to cluster size

addition, all doses of ethanol decreased BGluM in the pri-
mary somatosensory cortex and visual cortex, which play

% Change

50

Region of Interest

WvsLD WvsMD WvsHD

Fig. 4 Heat map showing the percent change in SUV values for each
dose of ethanol compared to the control group for each region of inter-
est. Each column from left to right corresponds to Water vs. Low Dose,
Water vs. Moderate Dose, and Water vs. High Dose comparisons. The
blue represents a decrease in brain glucose metabolism (inhibition) and
the red represents an increase in brain glucose metabolism (activation)

an important role in processing sensory information as well
as executing motor functions, and the processing of visual
information, respectively (Borich et al. 2015; Tootell et al.
1998). The LD and MD ethanol doses decreased BGluM in
the superior colliculus, which is an important multi-sensory
hub in the midbrain that is responsible for visual attention to
environmental stimuli as well as defense behavior (Dean et
al. 1988; Gitelman et al. 2002). The inhibition of the visual
cortex, motor cortex, and the superior colliculi may repre-
sent an impaired ability to process visual information and
respond according with motor movements following intoxi-
cation. This is consistent with fMRI data showing that alco-
hol administration reduces activation in the visual cortex
following photic stimulation (Levin et al. 1998).

The cerebellum was inhibited by ethanol in the 6a cer-
ebellar lobule for the LD group and the 8th cerebellar lobule
for the MD and HD groups. The 6a cerebellar lobule plays a
role in cognitive tasks while the 8th cerebellar lobule plays
a role in sensory motor tasks (Stoodley et al. 2012). The
decreased BGIluM in these areas associated with motor cog-
nition, processing, and navigation may indicate decreased
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motor cognition in behavior in each treatment dose of binge
ethanol administration. This finding is supported by clini-
cal data showing dramatic decreases in BGluM at a dose of
0.5 g/kg (Volkow et al. 2000).

The subiculum and the frontal association area are two
regions that had decreased BGluM that were unique to the
moderate dose binge ethanol rats. The hippocampus and
subiculum are important for the formation, consolidation
and retrieval of memories (Bohm et al. 2018), while the
frontal association cortex is an area that has been associated
with stimulus integration, memory formation, and other
higher-order brain functions (Nakayama et al. 2015). Our
findings of decreased BGIuM in the frontal association area
is consistent with the findings from Strother and colleagues,
who showed reduced local cerebral glucose utilization after
1 g/kg dose of ethanol in the frontal cortex and posterior
hippocampus among adolescent alcohol-preferring rats
(Strother et al. 2008). Reduced BGIuM in the hippocampus
was found among the low dose and high dose ethanol binge
rats. The decreased glucose metabolism in the hippocam-
pus, subiculum, and frontal association area may be respon-
sible for the associated memory loss known to occur during
binge drinking (Hermens and Lagopoulos 2018).

In the high dose ethanol binge rats, the inferior collicu-
lus, the raphe nucleus, and the thalamus showed a decreases
in BGIuM. The inferior colliculis is known to have a role in
the processing of auditory information in the environment
as well sound-induced flight behaviors (Brandao et al. 1993;
Xiong et al. 2015). Similar to inhibition of the superior col-
liculus, the reduced in BGluM within the inferior colliculus
could represent impaired auditory processing, especially as
they relate to potential threats. The raphe nucleus supports
serotonergic projections to the subthalamic nucleus which
is known to compromise motor control during dysfunction
(Reznitsky et al. 2016). The thalamus is another critical hub
that is responsible for integrating and relaying sensory infor-
mation (except olfaction). In addition to the other regions
involved in sensory processing, impaired functioning of the
thalamus through alcohol intoxication may further exasper-
ate this diminished sense of awareness in the environment.

The default mode network (DMN) of the brain has been
suggested to support self-referential functions in humans
including recollection, conceptual processing, and autobio-
graphical memory (Hsu et al. 2016). Regions in the rat brain
model that have been associated with the DMN include the
orbital, prelimbic, retrosplenial, cingulate, auditory, visual,
post-parietal, frontal association area, and dorsal hippo-
campus. There are several regions in this study that have
been associated with the DMN of the rat brain including
the retrosplenial cortex, hippocampus, primary visual cor-
tex, secondary visual cortex, and frontal association area.
Decreased BGIuM activity in the DMN has been thought
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to be suppression of activity in regions responsible for pro-
cessing of introspective thinking and planning (Hsu et al.
2016).

There are several limitations to the current study. First,
this study did not include an analysis of BACs. While we
include the average dose (g/kg) for each group, this does not
always reflect BAC levels, which can vary independent of
the dose of ethanol consumed (Dilley et al. 2018). In addi-
tion, this study only included male rats. Due to the fact that
there are sex differences related to the consumption of alco-
hol (Wilsnack et al. 2018), future studies should explore this
as it relates to BGluM.

In summary, the present study is the first to demonstrate
the effects of an acute ethanol binge drinking paradigm on
regional BGIuM, as measured by PET imaging. Across all
three ethanol doses, we see many similarities in regions
known to play a role in the processing of sensory and motor
information. The results lend insight into the deleteri-
ous effects of binge drinking and highlight the functional
changes that occur in the brain. Moreover, these results
provide clarity into the behavioral manifestations that can
occur following binge drinking. Adolescent binge drinking
is known to produce a multitude of cognitive impairments,
including poor short-term and long-term memory perfor-
mance, reduced visuospatial function, as well as reduced
cognitive flexibility and learning (Lannoy et al. 2019; Lees
et al. 2020). The regions of the brain responsible for many
of these functions were impacted following binge drinking
in our model, thus demonstrating strong translational util-
ity of our design. These changes in functional connectivity
help provides anatomical locations for further investigation
of molecular and genetic targets involved in binge drinking.
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