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Abstract

Background: Alcohol abuse, a prevalent global health issue, is associated with the onset of cognitive impairment and neurodegeneration.
Actin filaments (F-actin) and microtubules (MTs) polymerized from monomeric globular actin (G-actin) and tubulin form the structural
basis of the neuronal cytoskeleton. Precise regulation of the assembly and disassembly of these cytoskeletal proteins, and their dynamic
balance, play a pivotal role in regulating neuronal morphology and function. Nevertheless, the effect of prolonged alcohol exposure
on cytoskeleton dynamics is not fully understood. This study investigates the chronic effects of alcohol on cognitive ability, neuronal
morphology and cytoskeleton dynamics in the mouse hippocampus. Methods: Mice were provided ad libitum access to 5% (v/v) alcohol
in drinking water and were intragastrically administered 30% (v/v, 6.0 g/kg/day) alcohol for six weeks during adulthood. Cognitive
functions were then evaluated using the Y maze, novel object recognition and Morris water maze tests. Hippocampal histomorphology
was assessed through hematoxylin-eosin (HE) and Nissl staining. The polymerized and depolymerized states of actin cytoskeleton
and microtubules were separated using two commercial assay kits and quantified by Western blot analysis. Results: Mice chronically
exposed to alcohol exhibited significant deficits in spatial and recognition memory as evidenced by behavioral tests. Histological analysis
revealed notable hippocampal damage and neuronal loss. Decreased ratios of F-actin/G-actin and MT/tubulin, along with reduced levels
of polymerized F-actin and MTs, were found in the hippocampus of alcohol-treated mice. Conclusions: Our findings suggest that
chronic alcohol consumption disrupted the assembly of the actin cytoskeleton and MTs in the hippocampus, potentially contributing to
the cognitive deficits and pathological injury induced by chronic alcohol intoxication.
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1. Introduction

Alcoholic beverages have been consumed through-
out human history—celebrated for their role in social and
cultural rituals. Despite pervasive usage, chronic exces-
sive alcohol consumption carries a considerable burden,
leading to alcohol abuse, dependence and severe impact
on neural functions including learning, memory and cog-
nition. Chronic alcoholic encephalopathy (CAE) often
manifests in individuals with long-standing, heavy alcohol
abuse, evidenced by central nervous system malnutrition,
overt neurotoxicity and neurodegenerative changes [1–3].
Clinically, it is characterized by progressive cognitive im-
pairments, ranging from attentional deficits and memory
attrition to compromised executive function [4]. In se-
vere cases, this culminates in alcoholic dementia or delir-
ium [5,6]. Neuroanatomical studies have suggested that
chronic alcohol ingestion correlates with shrinkage in the
hippocampus, frontal cortices and midline thalamus, areas
that are crucial for learning and memory processes, indica-
tive of substantive neuronal loss [7,8].

At a cellular level, the orchestrated morphology and
functionality of neurons are partially contingent upon intri-
cate cytoskeletal protein dynamics. Within neuronal cells,
actin exemplifies this dynamic, existing in a monomeric
globular (G-actin) form, which polymerizes into a fila-
mentous (F-actin) state. F-actin is notably concentrated
within dendritic spines—micron-sized protrusions on den-
drites that exhibit the majority of excitatory synapses in the
mammalian brain. Any imbalance in the F-actin/G-actin
ratio may be deleterious, distorting spine morphology and
consequently synaptic function—events commonly associ-
ated with cognitive decline [9,10]. Parallels exist with tubu-
lin, which oscillates between a free state and its polymeric
form, microtubules (MTs). A well-maintained tubulin-MT
equilibrium ensures effective signal transduction and in-
tracellular trafficking within the axon [11]. Disruption of
this balance, as seen with acetaldehyde (an ethanol metabo-
lite) binding to tubulin, impairs microtubule assembly and
interrupts crucial neuronal processes [12–14]. Alterations
in MT-associated proteins, which promote microtubule as-
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sembly and stability, have been linked to the pathophysiol-
ogy of neurocognitive disorders [15,16].

While previous studies have brought forward a sub-
stantial understanding of glutamate excitotoxicity and thi-
amine deficiency in the context of alcohol-induced neuro-
toxicity [3,17], less is known about how cytoskeletal dis-
ruption contributes to the cognitive impairments associated
with alcohol use. The regulation of the dynamic assem-
bly and spatial organization of the actin cytoskeleton and
microtubules is crucial for maintaining neural functional-
ity, yet whether chronic alcohol exposure directly impacts
these structures within the hippocampus has seldom been
probed in vivo. Prior in vitro analyses have shed light on
how alcohol prompts cytoskeletal anomalies across vari-
ous cell types, including neurons. For example, findings
by Romero et al. [18,19] demonstrate that continuous al-
cohol exposure diminishes the quantity of both polymer-
ized actin and tubulin in hippocampal neurons, alongside
decreased activity of key guanosine triphosphatases (GT-
Pases) of Ras homolog (Rho) family and altered dendritic
spine morphology. Complementary research by Damuka
et al. [20] corroborates that alcohol treatment (100 mM
ethanol for three days) enhances MT stability while it con-
comitantly reduces tubulin monomers in SH-SY5Y neurob-
lastoma cells. Further, Tomás et al.’s [21–23] immunohis-
tological studies have underscored that chronic alcohol in-
take disrupts an array of cellular functions including secre-
tory and endocytic responses within astrocytes due to com-
promised actin and MT organization.

While these in vitro studies lay a valuable foundation,
an empirical understanding of the repercussions of chronic
alcohol exposure on the neuronal actin cytoskeleton and
MTs assembly within a living organism has remained elu-
sive. Here, this study bridges this gap by presenting in vivo
evidence that characterizes the enduring effects of alco-
hol on the assembly of cytoskeletal components within the
hippocampus, a region integral to cognitive processes. In
the experimental design employed, a six-week regimen in-
duced brain injury in mice to mimic chronic alcohol impair-
ment. Detailed behavioral analyses were then performed to
examine cognitive capacities, accompanied by histopatho-
logical and biochemical evaluations to gauge changes in
neuronal morphology and to quantify the ratio of F-actin/G-
actin and MT/tubulin.

2. Materials and Methods
2.1 Animals

Male C57BL/6J mice aged six to seven weeks were
obtained from Zhejiang Vital River Laboratory Animal
Technology Co., Ltd. (Pinghu, Zhejiang, China). The an-
imals underwent a one-week adjustment phase in an envi-
ronment with a consistent cycle of 12 hours of light and
darkness at a stable temperature (25 ± 1 °C). Experimen-
tal procedures were in strict adherence to the National In-
stitutes of Health guidelines for laboratory animal care and

received approval from the Ningbo University Animal Care
and Use Committee (IACUC-NBU20230138).

2.2 Experimental Design
An adult mouse model was constructed to simulate

chronic alcohol-induced brain injury, refining a previously
reported method by our team [24]. The protocol for estab-
lishing the mouse model during adulthood and conducting
subsequent animal behavioral tests is illustrated in Fig. 1.
The study population comprised forty mice randomly allo-
cated into two groups of equal size: a control group and
an alcohol-exposed group. Mice in the latter group were
given 5% (v/v) ethanol freely via their drinking water, sup-
plemented with a 30% (v/v) ethanol solution administered
through gavage twice daily. The initial two weeks served as
an acclimatization period with ethanol concentrations grad-
ually increasing to 6.0 g/kg (1.2 g/kg for the first three days,
2.4 g/kg for days four to six, 3.6 g/kg for days seven to nine,
4.8 g/kg for days ten to twelve and 6.0 g/kg for days thirteen
and fourteen), which was then sustained for the subsequent
four weeks. Mice in the control group were administered
water and received a normal diet and drinking water dur-
ing all experiments. Subsequently, cognitive assessments
were initiated via a suite of behavioral tests. Mice in the al-
cohol group continued to receive 5% (v/v) ethanol in their
drinking water to mitigate withdrawal symptoms through-
out the testing period, which included the Y maze, novel
object recognition (NOR) and Morris water maze (MWM)
tests. Sufficient rest was provided between tests, with inter-
vals ranging from one to three days. After testing, all mice
were euthanized, with eight from each group designated for
brain histology and the remaining twelve earmarked for bio-
chemical assays.

2.3 Behavior Tests
2.3.1 Y Maze

The Y maze test employed a previously described ap-
paratus [25]. It consists of a three-armed maze set at 120-
degree angles. Mice navigated the maze freely over a pe-
riod of ten minutes, with entry patterns and total entries
recorded during the final eight minutes. Consecutive en-
tries into each distinct arm constituted an ‘alternation’, with
alternation percentages reflecting spatial working memory
and total arm entries providing insights into motor function.

2.3.2 Novel Object Recognition (NOR)
Following, with slight adjustments, the protocols of

prior studies [26,27], the novel object recognition (NOR)
test was transpired in a 25 × 25 × 25 cm arena. Mice re-
ceived a thirty-minute acclimation phase within this envi-
ronment a day before the training phase. Two identical ob-
jects were presented for a ten-minute exploration session
during the second day’s training. One hour after training,
a new object replaced one of the old, and mice were ob-
served for their engagement with both the novel and famil-
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Fig. 1. Experimental protocol timeline for chronic alcohol exposure in adult C57BL/6J mice. Schedule of the experimental protocol
illustrating the six week period of chronic alcohol administration used to induce brain injury in C57BL/6Jmice, followed by the behavioral
assessments. BW, body weight; NOR, novel object recognition; MWM, Morris water maze.

iar objects. The time spent interacting with these objects
was documented. A mouse nose within a two centimeter
distance or pointed at an object was considered ‘investiga-
tion’. A NOR test discrimination index was derived as a
measure of recognition memory and calculated as the ratio
of the time difference between interacting with the new and
known objects to the total time spent with both.

2.3.3 Morris Water Maze (MWM)

Carrying out the morris water maze (MWM) trials,
adjusting for minor details, followed established practices
[28,29]. Briefly, the assessment took place within a round
basin measuring 100 cm across, containing an internal plat-
form nine centimeters wide. The water temperature was
kept at a consistent temperature ranging from 21 to 23 °C.
The experiment was divided into three distinctive trials.
The initial session was reserved for training using a vis-
ible platform, serving to familiarize mice with the envi-
ronment and platform location. Mice that failed to locate
the platform within sixty seconds were directed to it, given
a twenty-second rest period, then allowed to orient them-
selves to the setup. The hidden platform training trial com-
prised two sessions a day and ran from the second to the
sixth day. The platforms were placed in the same loca-
tion, one centimeter beneath the water’s surface when com-
pared with the visual platform training trial. Mice were in-
troduced to the round basin from various entry points to
search for the submerged platform. The search duration
time to platform discovery was recorded for each mouse.
If a mouse failed to discover the platform within sixty sec-
onds, it was guided to the location, given a twenty-second
pause for rest, then allowed to familiarize itself with the
environment. The space exploration trial began on the sev-
enth day, where the platform had been removed. Mice were
introduced into various quadrants of the pool, each time
facing the of pool wall. The duration each mouse spent
in the quadrant formerly containing the platform, the fre-
quency of their crossings over the previous platform lo-
cation and their movement patterns were all documented

within a one-minute interval. The video tracking software,
ANY-mazeTM (Stoelting, Wood Dale, IL, USA), was em-
ployed for recording and analyzing behavioral parameters.

2.4 Histological Examination
For histological analysis, mice underwent anesthe-

sia with 1% pentobarbital sodium (P3761, Sigma-Aldrich,
Shanghai, China) at a dosage of 80 mg per kilogram of
body weight, followed by 0.9% saline via left ventricular
perfusion. They were then fixed by perfusion with an ice-
cold 4% paraformaldehyde solution. After being removed,
mouse brains were fixed for an additional 18 hours at 4 °C in
4% paraformaldehyde. The sequential steps of paraffin em-
bedding, sectioning, xylene dewaxing and ethanol gradient
rehydration were followed, and the tissue slices were then
stained with hematoxylin for a duration of five minutes.
Subsequently, the slices were either re-stained with eosin
for three minutes to complete the hematoxylin-eosin (HE)
staining procedure or stained with 0.1% cresyl violet to
complete the Nissl staining procedure. Stained brain slices
were sequentially passed through ethanol and xylene and
finally sealed with a neutral resin. Morphological changes
in cortical and hippocampal neurons were observed using
light microscopy (ECLIPSE Ci, Nikon, Tokyo, Japan) [30]
and ImageJ software (v1.53, National Institutes of Health
(NIH), Baltimore, MD,USA)was used to quantify neuronal
numbers in images.

2.5 F-Actin/G-Actin in Vivo Assay
The G-actin/F-actin in vivo assay kit (BK037, Cy-

toskeleton, Denver, CO, USA) was employed to differenti-
ate F- and G-actin, in alignment with the instructions pro-
vided by the kit’s manufacturer. Briefly, fresh hippocam-
pal tissue was homogenized on ice with ten times the vol-
ume of lysis buffer and F-actin stabilization buffer contain-
ing 1 mM ATP and a protease inhibitor cocktail (PIC02,
Cytoskeleton). The resultant tissue lysate was then dou-
ble centrifuged (400 ×g, 10 min, 4 °C) and the liquid su-
pernatant was carefully pipetted into well-labeled ultracen-
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trifugation tubes. The clear supernatant underwent an ad-
ditional round of centrifugation (100,000 ×g, 60 min, 4
°C). Subsequently, the supernatant containing G-actin was
promptly separated from the pellet containing F-actin and
was immediately chilled on ice. The gathered pellet, which
was concentrated with F-actin, was reconstituted in an F-
actin depolymerizing buffer, followed by a sixty-minute in-
cubation on ice. The suspension was mixed every fifteen
minutes during the incubation period to completely depoly-
merize the F-actin. Total protein contents present in each
sample were determined using a bicinchoninic acid (BCA)
protein assay kit (PC0020, Solarbio, Beijing, China). Ten
micrograms of protein from the G-actin and F-actin frac-
tions of each sample were lysed in Sodium dodecyl sul-
fate (SDS) sample buffer (SDS01, Cytoskeleton) and in-
cubated at 85 °C for five minutes before being separated
on a 12% SDS polyacrylamide gel and subsequently trans-
ferred onto polyvinylidene difluoride (PVDF) membranes.
The membranes were treated with 5% non-fat milk in Tris
buffered saline with Tween (TBST) for thirty minutes to
prevent non-specific binding and then incubated with an
anti-actin primary antibody (AAN02, dilution 1:1000, Cy-
toskeleton) at 4 °C overnight. Following this, the mem-
branes underwent three washes, each lasting ten minutes.
They were then exposed to an anti-mouse secondary an-
tibody (SA00001-1, dilution 1:5000, Proteintech, Rose-
mont, IL, USA) for one hour at ambient temperature. The
target protein band was visualized by enhanced chemilu-
minescence (ECL) Western Blotting Detection Reagents
(P10100, ncmbio, Suzhou, Jiangsu, China) and detected
using a chemiluminescence scanner (Chemi Dog Imaging
System, Tanon 5300M, Shanghai, China). Densitometric
analysis was performed to quantify the band intensity us-
ing ImageJ software (v1.53, National Institutes of Health
(NIH), Baltimore, MD, USA).

2.6 MT/Tubulin in Vivo Assay

MT and unbound tubulin were segregated using a ded-
icated MT/tubulin in vivo assay kit (BK038, Cytoskeleton),
following the manufacturer guidelines. To ensure the sta-
bility of microtubules, all apparatus rotors, centrifuge tubes
and buffers were warmed to 37 °C prior to use. Briefly,
approximately 20 mg of each hippocampal tissue sam-
ple was homogenized at 37 °C with 300 µL lysis micro-
tubule stabilization buffer containing 1 mM ATP, 0.1 mM
GTP and protease inhibitor cocktail (PIC02, Cytoskeleton).
This tissue lysate was briefly vortexed before undergoing
centrifugal separation (1000 ×g, 5 min, 37 °C). Follow-
ing this, the supernatant obtained at low speed was gen-
tly transferred to a fresh tube and maintained at 37 °C.
The low-speed pellet (P1 fraction) containing microtubules
was resuspended in 200 µL radio-immunoprecipitation as-
say (RIPA) buffer (R0020, Solarbio, Beijing, China) which
contained 1% SDS. The low-speed supernatant from each
sample was centrifuged at 100,000 ×g for 30 minutes at

37 °C. The resulting high-speed supernatant (S2 fraction)
containing soluble tubulin was transferred to another tube.
The high-speed pellet (P2 fraction) containingmicrotubules
was then resuspended in 200 µL microtubule depolymer-
ization buffer. The P1, P2 and S2 fractions of each sam-
ple then underwent BCA protein quantification. From each
sample fraction, ten micrograms of protein were lysed us-
ing SDS sample buffer (SDS01, Cytoskeleton), followed by
incubation at 85 °C for five minutes. Afterward, proteins
were resolved on a 12% SDS polyacrylamide gel and then
transferred to PVDF membranes. The membranes were
saturated with 5% non-fat milk in TBST for a duration of
thirty minutes and then subjected to an overnight incuba-
tion (4 °C) with the anti-tubulin antibody (ATN02, 1:1000,
Cytoskeleton). Membranes then underwent a one-hour in-
cubation at ambient temperature with anti-sheep secondary
antibody (GL21, dilution 1:10,000, Cytoskeleton). The tar-
get protein band was visualized by ECL Western Blotting
Detection Reagents (P10100, ncmbio) and imaged using
a Chemi Dog Imaging System (Tanon 5300M, Shanghai,
China). Densitometric analysis using ImageJ (v1.53, NIH)
allowed for the quantification of band intensity. The total
MT content was determined by summing the MT amounts
present in the P1 and P2 fractions.

2.7 Statistical Analysis
Results are reported as the mean ± standard error of

the mean (SEM). GraphPad Prism (version 9.0, GraphPad
Software, San Diego, CA, USA) was employed for sta-
tistical analysis and graphical plotting. Four tests were
utilized to evaluate the conformity of the variable distri-
bution to a normal (Gaussian) distribution, including the
D’Agostino & Pearson test, the Anderson-Darling test, the
Shapiro-Wilk test, and the Kolmogorov-Smirnov test. Dif-
ferences in means were determined by unpaired t-tests and
effect sizes were calculated using Cohen’s d. Escalations in
body weight and escape latency during the hidden platform
MWM trial were subjected to repeated measures analysis
of variance (ANOVA) with Bonferroni post-tests. Detailed
reporting included F, t, p-values, degrees of freedom and
additional effect size metrics. Statistical significance was
established at p < 0.05.

3. Results
3.1 Chronic Alcohol-Induced Cognitive Impairment in
Mice

Over a period of six weeks of alcohol exposure, mice
in the alcohol group exhibited a trend toward lower body
weight when compared to controls; however, the dispar-
ity did not reach statistical significance (Fig. 2A, factor of
groups: F(1, 38) = 4.152, p = 0.0550 or groups × days inter-
action: F(6, 228) = 2.089, p = 0.0594) according to repeated
measures ANOVA.

Behavioral assessments were employed to evaluate
cognitive deficits in alcohol-exposed mice. The Y maze
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Fig. 2. Impact of chronic alcohol consumption on behavioral test outcomes in mice. (A) Trajectory of body weight modifications
across a six-week span. (B) Percentage of correct alternations and the total number of arm entries in the Y maze test. (C) Discrimination
index in the NOR test. All data are presented as mean ± SEM for n = 20 mice per experimental group. Statistical significance of
the differences between the chronic alcohol group and the control group was analyzed using unpaired t-tests, denoted by **p < 0.01.
ANOVA, analysis of variance; SEM, standard error of the mean.

test, a measure of spatial working memory and exploration,
revealed a statistically significant decrease in spontaneous
alternation percentage in the alcohol group (t(38) = 2.973, p
< 0.01, d = 0.9401, Fig. 2B), indicative of impaired short-
term spatial working memory due to chronic alcohol treat-
ment. There was no significant difference in the number of
arm entries, which suggests that exploratory behavior re-
mained unaffected (Fig. 2B).

The NOR test was used to investigate recognition
memory. Alcohol-treated mice demonstrated a notable im-
pairment in their ability to recognize novel objects com-
pared to controls (t(38) = 3.536, p< 0.01, d = 1.118, Fig. 2C).
The results of the NOR test indicated a profound deficit in
object recognition memory attributed to chronic alcohol ex-
posure.

Spatial learning and memory were probed utilizing
the classic MWM test. In the initial visible platform trial,
aimed at eliminating the potential influence of sensorimo-
tor or motivational impairments, no significant differences
between groups were detected in either escape latency or
swimming velocity (Fig. 3A). Across the subsequent hid-
den platform trials, spanning days two to six, although both
groups demonstrated a reduction in escape latency over
time, the alcohol group persistently exhibited longer laten-
cies, with a significant discrepancy emerging between the
two groups, as evidenced by a repeated measures ANOVA
(Fig. 3B, factor of group: F(1, 38) = 3.526, p < 0.05). Com-
pared with the control group, there was a significant pro-
longation in escape latency for the alcohol group on days
five and six when analyzed with Bonferroni post hoc com-
parison (5th day, t(38) = 2.752, p < 0.05, d = 0.8703; 6th
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Fig. 3. Effect of chronic alcohol consumption on Morris water maze test performance in mice. (A) Escape latency and swimming
velocity during the visible platform trials conducted on day one. (B) Escape latencies over a series of hidden platform trials from days
two to six with data analyzed using two-way ANOVA with repeated measures; *p< 0.05 indicates significance compared to the control
group after Bonferroni post hoc testing. (C) Number of platform crosses and the percentage of time spent in the target quadrant on the
probe trial day seven using an unpaired t-test for statistical comparison; *p < 0.05 compared with the control group. (D) Swimming
trajectorymap during the probe trial with blue markers indicating entry points and red markers delineating exit points from the water.
Mean ± SEM values are reported for n = 20 mice per group.

day, t(38) = 2.726, p < 0.05, d = 0.8620, Fig. 3B). During
the probe trial on day seven, the number of platform cross-
ings (t(38) = 2.632, p < 0.01, d = 0.8323, Fig. 3C) and the
proportion of time spent in the target quadrant (t(38) = 2.027,
p < 0.01, d = 0.6410, Fig. 3C) were significantly lower in
the alcohol-exposed group. For the search strategy, the tra-
jectories of the alcohol mice were less concentrated in the
target quadrant (Fig. 3D). Collectively, these observations
suggest that ethanol exposure is deleterious to both spatial
and recognition memory.

3.2 Chronic Alcohol Caused Pathological Damage in the
Hippocampus of Mice

HE staining disclosed stark differences in neuronal ar-
rangement and structure between the control and alcohol-
exposed groups. Neuronal shrinkage and deformation were
apparent in the latter (Fig. 4A). Nissl staining corrobo-
rated these pathological disparities (Fig. 4B). Quantitative
analyses revealed significant reductions in neuronal counts

within the CA1 region of the hippocampus of alcohol-
treated mice in both HE (t(14) = 2.156, p< 0.05, d = 0.8802,
Fig. 4C) and Nissl-stained sections (t(14) = 5.421, p< 0.001,
d = 2.213, Fig. 4D), indicative of alcohol-induced neurode-
generation.

3.3 Chronic Alcohol Alters Actin and Tubulin
Polymerization

Two biochemical assays were utilized to examine the
impact of chronic alcohol on cytoskeletal integrity, specif-
ically the polymerization capacities of actin and tubulin
within the hippocampus. A significant decline in the F-
actin/G-actin ratio was observed (t(22) = 3.767, p < 0.01, d
= 1.884, Fig. 5C), resulting from a reduction in F-actin (t(22)
= 2.903, p < 0.01, d = 1.452, Fig. 5A) and an increase in
G-actin levels (t(22) = 3.014, p < 0.01, d = 1.507, Fig. 5A).
Chronic alcohol exposure was also associated with a dimin-
ished MT/tubulin ratio (t(22) = 2.097, p < 0.05, d = 1.049,
Fig. 5C), reflecting a reduction in polymerized MT (t(22)
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Fig. 4. Effect of chronic alcohol exposure on neuronal pathology in mouse hippocampus. (A) HE stained hippocampal neurons. (B)
Nissl stained hippocampal neurons. (C,D) Quantitative analyses of neuronal counts in CA1, CA2 and CA3 regions of the hippocampus in
the images stained with HE and Nissl, respectively. Data are shown as mean± SEM for n = 8 subjects per group. Statistically significant
differences from the control group are indicated by *p < 0.05, ***p < 0.001 (unpaired t-test). HE, hematoxylin-eosin.

= 2.081, p < 0.05, d = 1.041, Fig. 5B), without a signifi-
cant alteration in free tubulin levels. These findings suggest
that chronic alcohol exposure leads to the destabilization of
both actin filaments and microtubules in the hippocampus,
which could underpin the observed cognitive deficits.

4. Discussion

Chronic alcohol-induced brain injury is an enduring
affliction that impairs multiple regions within the brain,
notably the hippocampus, leading to a spectrum of cog-
nitive deficits, memory loss, altered mental state and dys-

praxia [31–34]. Common rodent models for alcohol-related
toxic brain injury include exposure by drinking [35], in-
traperitoneal [36] or intragastric injections [37,38], and va-
por chambers [39]. In general, acute and binge-like experi-
mental protocols for alcohol administration often utilize in-
traperitoneal and intragastric methods, whereas approaches
such as free-choice drinking and vapor inhalation are typ-
ically reserved for studies requiring prolonged periods of
alcohol exposure [40].

In this study, a hybrid approach was utilized to in-
duce alcohol intoxication and brain injury in adult mice
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Fig. 5. Alterations in filamentous actin and microtubule levels and assembly in the hippocampus post-chronic alcohol consump-
tion. (A) The relative abundance of G-actin and F-actin, with G representing globular actin and F denoting filamentous actin. (B) The
levels of tubulin andmicrotubules; following subcellular fractionation, hippocampal tissues were separated into fractions P1 and P2 (com-
prising MT) and fraction S2 (containing free tubulin), with total MT defined as P1+P2. (C) The impact of alcohol on actin cytoskeleton
and microtubule assembly, calculating F-actin/G-actin and MT/tubulin ratios using densitometric analysis. Data are represented as mean
± SEM for groups of 12 mice. *p < 0.05, **p < 0.01 compared with the control group. MT, microtubule.

This method, which was previously published with minor
modifications [24], combines intragastric gavage and vol-
untary consumption. The following are the characteristics
of this mice model. Firstly, according to the definition pro-
vided by the National Institute on Alcohol Abuse and Al-
coholism (NIAAA), risky use of alcohol is characterized by
men under 65 years old consuming more than four standard

drinks of ethanol per day or alcohol intake exceeding 0.8
g/kg/day. A conversion factor of 12.3 was calculated be-
tween the experimental mice and humans, indicating that
a mouse should consume over 10.5 g/kg/day, based on a
25 g mouse body weight. Initially, alcohol was adminis-
tered solely through gavage, but encountered a high mortal-
ity rate among the model animals. However, allowing the
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mice to consume alcohol solely by drinking did not guar-
antee reaching a toxic blood alcohol concentration. More-
over, binge-like ethanol administration causes greater brain
damage compared to continuous exposure. This justifies
the strategy employed by this study where voluntary and in-
voluntary alcohol consumption were combined. The mice
were administered 6 g/kg of alcohol through gavage and
4.5–9 g/kg through drinking. The dosage and concentration
of alcohol in the gavage solution and drinking water were
determined based on the results of our preliminary study.

Acknowledging the limitations of this model is criti-
cal for interpreting the findings. Notably, the monitoring of
blood alcohol levels resulting from daily consumption were
omitted, which, according to the estimates in the literature,
could have peaked at 400 mg/dL [41,42]. Additionally, the
potential systemic damage to organs such as the liver or gas-
trointestinal tract was not assessed, leaving a partial view of
the overall alcohol impact. Finally, the difference in daily
calorie intake between the control group and the alcohol
group. Based on simplified calculations, mice in the alcohol
group ingest approximately 7.0–10.5% of their total calo-
ries as ethanol. The caloric intake between the two groups
is similar, but not identical. With this model in place, this
study demonstrated that chronic alcohol exposure precip-
itated cognitive dysfunction and concomitant hippocam-
pal pathology, concurring with lowered F-actin/G-actin and
MT/tubulin ratios. The evidence prompts a compelling hy-
pothesis that these deficits stem, at least in part, from mal-
adaptations in cytoskeletal proteins assembly. Offenhäuser
et al. [43] discovered that mice deficient in Eps8, a cru-
cial regulator of actin dynamics, showed heightened resis-
tance to and consumption of ethanol. They examined the
mechanism in cultured cerebellar granule neurons and pro-
posed that modifications in actin dynamics could impact al-
cohol resistance. Tomás M et al. [21] demonstrated that
lysophosphatidic acid therapy prevented alcohol-induced
defects in the actin cytoskeleton and microtubule organi-
zation in rat astrocytes. Numerous Rho guanosine triphos-
phatases (Rho GTPases) regulate neuronal cytoskeleton dy-
namics. Rho-associated protein kinases (ROCKs) are cur-
rently the most detailed and important downstream target
effector molecules of Rho GTPases [44,45]. Downregu-
lation of ROCK2 relieved chronic alcohol-induced cogni-
tive deficits by exerting anti-apoptotic, anti-inflammatory,
and antioxidative effects [46]. Such evidence suggests that
impaired cytoskeleton dynamics potentially contribute to
chronic alcohol-induced cognitive deficits. Thus, restor-
ing cytoskeleton dynamics could be a promising treatment
strategy to counteract the cognitive deficits induced by
chronic alcohol consumption.

5. Conclusions
In this study, it was observed that prolonged alcohol

exposure led to cognitive impairment and morphological ir-
regularities in the hippocampus of adult mice. Additionally,

chronic alcohol exposure resulted in changes in the levels
and assembly of F-actin and microtubules in the hippocam-
pus. As a result, it is hypothesized that chronic alcohol ex-
posure disrupts the assembly of the actin cytoskeleton and
microtubules in the hippocampus, potentially contributing
to the cognitive deficits and pathological damage induced
by chronic alcohol consumption.
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