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Abstract

Background: Alcohol consumption exerts toxic effects on the central nervous system, causing neurodegeneration and behavioral dis-
orders. The neuroprotective potential of disulfiram (DSF), a widely used treatment for alcohol dependence, remains unclear. Thus, this
study aimed to evaluate the effects of DSF on ethanol-induced neurodegeneration, behavioral impairments, and cardiovascular alter-
ations. Materials and Methods: A total of 28 rats were randomly assigned to four groups: control, ethanol (EtOH), EtOH + DSF, and
DSF. Ethanol (5 g/kg) was administered orally three times per week for 14 days. The EtOH + DSF group received ethanol plus DSF
(100 mg/kg, intraperitoneally, i.p.) while the DSF group received DSF alone. Blood pressure was measured using tail-cuff plethysmog-
raphy. Behavioral alterations were analyzed through the open field test (OFT), elevated plus maze (EPM), and forced swim test (FST).
Brain tissues were examined histopathologically using hematoxylin–eosin and toluidine blue staining. Data were analyzed by analysis
of variance (ANOVA) and the Kruskal–Wallis test. Results: In the EPM, no significant differences were found among the groups in
open-arm activity or risk-assessment behaviors. The OFT showed a significant reduction in locomotor activity in the EtOH group (p <

0.0001). In the FST, ethanol increased immobility (p< 0.0001) and decreased the latency to immobility (p = 0.0014). Ethanol markedly
lowered systolic, diastolic, and mean arterial pressures, whereas DSF elevated systolic and mean arterial pressures without affecting heart
rate. DSF treatment affects systolic and mean arterial blood pressures. So for systolic blood pressure p = 0.002. For mean arterial blood
pressure p = 0.024. Histological analysis revealed neuronal damage in the EtOH group, while DSF significantly reduced the number of
degenerating neurons (p < 0.001). Conclusion: Ethanol exposure was associated with depression-like behavior, reduced locomotor ac-
tivity, and hypotension. DSF treatment may improve behavioral outcomes, partially counteract ethanol-induced hypotension, and confer
neuroprotective effects.
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1. Introduction
Chronic alcohol consumption is a major global health

problem associated with high mortality and morbidity [1].
However, only a small proportion of individuals who con-
sume alcohol become chronic drinkers [2], whereas binge
drinking is more prevalent [3]. Binge drinking is typically
defined as the consecutive consumption of one or more al-
coholic beverages within a short period during the previous
six months [3]. Furthermore, binge drinking induces patho-
physiological changes in multiple organ systems in both hu-
mans and animals, particularly in the central nervous sys-
tem, causing effects such as neuroinflammation, neurotox-
icity, and oxidative stress-induced damage [4]. In addition
to these pathological alterations, binge drinking is associ-
ated with cognitive and neurobehavioral impairments [5,6].

Operationally, binge drinking is characterized as the
intake of 4–5 alcoholic drinks within approximately two
hours, depending on gender, leading to an elevated blood
alcohol concentration of 0.08% or higher [7]. In animal
models that mimic binge-like drinking patterns, ethanol is

commonly administered to rats via oral gavage [8]. In such
models, repeated doses of ethanol exposure have been ob-
served to induce neurodegeneration in specific brain re-
gions and to elicit behavioral changes [9]. The findings
from studies suggest that binge drinking in rat models
produces anxiety- and depression-like behaviors [10,11],
which could serve as an experimental basis for the devel-
opment of new pharmacological therapies aimed at treating
anxiety- and depression-like disorders that arise in humans
following binge drinking.

Disulfiram (DSF) inhibits aldehyde dehydrogenase,
the enzyme that catalyzes the conversion of acetaldehyde
to acetate during alcohol metabolism [12]. The accumula-
tion of acetaldehyde leads to a DSF–ethanol reaction, which
can produce mild, moderate, or severe symptoms in hu-
mans [13]. In the literature, the co-administration of DSF
with other pharmacological agents has recently been pro-
posed as a therapeutic strategy for alcohol-dependent pa-
tients with comorbid psychiatric conditions, including de-
pression, post-traumatic stress disorder, bipolar disorder,
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schizophrenia, schizoaffective disorder, and cocaine addic-
tion [14]. However, despite the previous use of DSF, an
older agent, the neurobiological effects of DSF remain a
subject of ongoing research [15].

Indeed, the protective role of DSF has been primar-
ily attributed to the DSF–ethanol reaction, which results in
aversive acetaldehyde accumulation by inhibiting aldehyde
dehydrogenase, thereby producing conditioned behavioral
avoidance [16]. In addition to this well-known mecha-
nism, DSF has been reported to exert neuroprotective ef-
fects through several other pathways. One proposed mech-
anism involves modulation of pyroptosis pathways, thereby
preserving blood–brain barrier integrity [17]. DSF has also
been shown to reduce oxidative stress-mediated damage,
contributing to neuroprotection [18]. Furthermore, the anti-
inflammatory effects of DSF have been associated with
inhibition of the HSP70/TLR4/NLRP3 signaling pathway
[19]. Nonetheless, studies investigating the potential his-
tological, behavioral, and cardiovascular effects of DSF in
binge-like drinking animal models remain limited [20,21].
Most available evidence regarding DSF has been derived
from models of chronic alcohol consumption or clinical
populations with alcohol use disorder [22].

The relationship between low to moderate alcohol
consumption and cardiovascular disease remains controver-
sial. While some earlier studies have suggested potential
cardioprotective effects, more recent studies do not sup-
port this view [23]. Abstinence from alcohol or a signif-
icant reduction in alcohol intake has been shown to influ-
ence elevated blood pressure [24]. Alcohol consumption
increases blood lipid levels, thereby raising the risk of coro-
nary artery disease, increasing the risk of thrombosis, and
leading to acute or chronic hypertension [25]. Additionally,
existing literature indicates an association between alcohol
consumption and ischemic heart disease, arrhythmia, car-
diomyopathy, stroke, and heart failure [26].

Thus, the novelty of the present study lies in the use
of a binge-like ethanol paradigm combined with a compre-
hensive assessment integrating behavioral, cardiovascular,
and histopathological outcomes within a single experimen-
tal model. In contrast to previous studies that have primarily
focused on chronic alcohol exposure or the aversive mecha-
nisms of DSF [27,28], this study explores the potential pro-
tective effects of DSF against binge-like drinking alongside
the neurobehavioral, neurodegenerative, and cardiovascu-
lar effects of this agent. Therefore, the findings may ex-
tend the current understanding of DSF beyond the role as an
alcohol-aversive agent and provide new insights into addi-
tional potential neuroprotective and physiological benefits.

In light of the limited data regarding the effects of
DSF in the context of binge-like ethanol drinking, this
study aimed to investigate the impact of DSF on anxiety-
and depression-like behavioral disturbances, histopatholog-
ical alterations in brain tissue, and cardiovascular parame-
ters induced by binge-like ethanol exposure. To this end,

the open field test (OFT), elevated plus maze (EPM), and
forced swim test (FST) were employed to evaluate be-
havioral outcomes; meanwhile, cardiovascular measure-
ments were obtained using the tail-cuff plethysmography
technique. Histopathological changes were analyzed using
hematoxylin–eosin (H&E) and toluidine blue (TB) staining
techniques.

2. Materials and Methods
2.1 Animals

The use of laboratory animals in this study at Kırşe-
hir University (Approval Number: 2025/8-3) was approved
by the Local Ethics Committee. All procedures were con-
ducted in accordance with the Guide for the Care and Use
of Laboratory Animals.

2.2 Formation of Experimental Groups
A total of 28 adult male Wistar albino rats (200–250

g, 8–10 weeks old) were used. The animals were obtained
from the Kırşehir Ahi Evran University Laboratory Animal
Production and Research Center, and were housed in the
animal facility under controlled environmental conditions,
with the temperature maintained at 22–25 °C and a 12 h
light/12 h dark cycle (lights on at 07:00 and off at 19:00).
The rats were kept in specially designed cages, and the bed-
ding material was replaced daily. All animals received the
same standard laboratory rat chow, and water and food were
provided ad libitum [29]. Only male rats were included
to minimize hormonal variability associated with the es-
trous cycle, which may confound behavioral, neurobiolog-
ical, and cardiovascular outcomes in the ethanol-exposure
model. This approach allowed for a more controlled assess-
ment of the effects of DSF in a binge-like ethanol drinking
paradigm. The animals were randomly assigned to four ex-
perimental groups (n = 7 per group):

Control group (n = 7): Rats received oral gavage of
0.9% saline (volume-matched to EtOH) three times per
week at 12-hour intervals for 14 days.

Ethanol (EtOH) group (n = 7): Rats received ethanol
orally at a dose of 5 g/kg three times per week at 12-hour
intervals for 14 days [30].

Ethanol + disulfiram (EtOH + DSF) group (n = 7):
Rats received ethanol orally at a dose of 5 g/kg three times
per week at 12-hour intervals for 14 days. DSF (100mg/kg)
diluted in 0.9% saline was administered intraperitoneally
once every 7 days, immediately after the final ethanol ad-
ministration on that day [30,31].

Disulfiram (DSF) group (n = 7): Rats received only
DSF at a dose of 100 mg/kg intraperitoneally once every 7
days [31]

2.3 Blood Pressure Measurement
Noninvasive blood pressure measurements in rats

were obtained using a tail-cuff system with volume pres-
sure recording (MAY-NIBP250, Ankara, Türkiye). Cuff
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integrity was routinely verified before each experiment.
Measurements were performed in a quiet, temperature-
controlled environment (22 ± 2 °C), and animals were ac-
climated for 1 h before recordings. Rats were gently placed
in restraint tubes to limit movement, with the occlusion cuff
applied at the base of the tail and the sensor cuff positioned
immediately adjacent. A heating chamber maintained at 32
°C was used to warm the animals for 5 minutes before and
throughout the measurement period. Blood pressure was
determined by inflating the occlusion cuff to 250 mmHg
and deflating the cuff over 15 seconds, while the sensor
cuff monitored tail volume changes. Before baseline as-
sessment, rats were habituated to the procedure for at least
7 consecutive days. For each animal, five consecutive read-
ings were recorded at 1-minute intervals; the highest and
lowest values were discarded, and the mean of the remain-
ing three was used to calculate systolic blood pressure, di-
astolic blood pressure, heart rate, andmean arterial pressure
(MAP), which was computed using the following formula:
MAP = diastolic pressure + (systolic pressure – diastolic
pressure)/3 [32,33].

2.4 Behavioral Analysis
In the EPM, anxiety-related behavior was evaluated

by measuring time spent in the open arms, number of
open-arm entries, head-dipping frequency, and stretch-
attend postures. In the OFT, locomotor activity was as-
sessed by recording the total distance traveled. In the FST,
depressive-like behavior was analyzed bymeasuring immo-
bility duration and latency to first immobility.

2.4.1 Elevated Plus Maze Test
The EPM test was performed to record anxiety-like

behavior [34]. The apparatus consisted of two open arms
(50× 10 cm) and two closed arms (50× 10× 40 cm) con-
nected by a central platform (10 × 10 cm), elevated 50 cm
above the floor. Animals were allowed to acclimate to the
experimental room for 30 minutes before testing. Each rat
was then placed on the central platform, facing an open arm,
and allowed to explore the maze freely for 5 minutes. The
apparatus was cleaned with 70% ethanol before testing each
animal to eliminate olfactory cues. All trials were recorded
on video, and the number of entries and the time spent in the
open and closed arms during the observation period were
analyzed [35].

2.4.2 Open Field Test
The OFT, a widely used method for evaluating gen-

eral locomotor activity and anxiety-like behavior, was per-
formed once per animal. All experiments were performed
during the light phase of the light–dark cycle, with all
groups tested within the same time frame to minimize cir-
cadian influences. On the test day, rats were transported
to the experimental room and allowed to acclimate in their
home cages for 1 hour prior to the session. The open field

apparatus consisted of a square Plexiglas arena measuring
60 × 60 cm with walls 50 cm high. To prevent olfactory
interference, the arena was thoroughly cleaned with 70%
ethanol between trials. Each rat was placed in the center
of the arena at the start of the test and permitted to explore
freely for 5 minutes. Animal behavior during this period
was captured using a video recording system [36].

2.4.3 Forced Swimming Test
Rats were individually introduced into a transparent

cylindrical glass tank (50 cm height × 20 cm diameter)
filled with water to a depth of 30 cm, preventing contact
of the tail or hind limbs with the bottom. The water tem-
perature was maintained at 25 ± 1 °C throughout the ex-
periment. The procedure consisted of two sessions: a 15-
minute pre-test session for habituation to the testing envi-
ronment, followed 24 hours later by a 5-minute test session.
Behavior during the test session was recorded using a video
camera positioned in front of the tank. After each session,
animals were carefully removed, dried with a towel, and
placed in a warmed cage for approximately 15 minutes to
prevent hypothermia, then returned to their home cages. To
ensure consistent experimental conditions, the water was
refreshed and the tank cleaned between animals.

2.5 Termination of the Experiment and Collection of
Tissues and Serum

Prior to decapitation, all rats were deeply anesthetized
with a ketamine (60 mg/kg)–xylazine (10 mg/kg) mixture
to minimize pain and distress. This combination of agents
was administered to the animals at a volume of 1 mL/kg.
Adequacy of anesthesia was confirmed by the absence of
both pedal and corneal reflexes before proceeding.

2.6 Histopathologic Analysis of Brain Tissue

Brain tissues were fixed in 10% neutral buffered
formaldehyde, dehydrated through a graded alcohol series,
cleared in xylene, and embedded in paraffin blocks. Sec-
tions of 5 µm thickness were prepared and stained with
H&E to evaluate overall morphology and cellular alter-
ations. In addition, TB staining was performed to assess
Nissl granules in neurons of the cerebral cortex, thereby en-
abling the identification of degenerative neurons and com-
parison among experimental groups. Images of the stained
sections were obtained using a light microscope (Nikon
Eclipse Si, Tokyo, Japan).

In this study, brain tissue was evaluated for the pres-
ence of pyknotic neurons, vacuolization, edema, andmicro-
hemorrhage (Nikon Eclipse Si, Tokyo, Japan). Histopatho-
logical alterations were assessed semiquantitatively using
a 0–3 scoring system based on the estimated percentage of
the affected area within each examined field: 0 = no patho-
logical finding; 1 = mild changes affecting <10% of the
examined field; 2 = moderate changes affecting 10–30% of
the examined field; 3 = severe changes affecting >30% of
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Fig. 1. Effects of ethanol (EtOH) and disulfiram (DSF) treatments on cardiovascular parameters (n = 7). (A) Systolic blood
pressure (mmHg), (B) diastolic blood pressure (mmHg), (C) heart rate (bpm), and (D) mean arterial pressure (MAP; mmHg) in control,
EtOH, EtOH + DSF, and DSF groups. Data are presented as mean ± standard deviation (SD; n = 7 per group). Statistical analysis was
performed using one-way ANOVA followed by Tukey’s post hoc test. *p < 0.05, **p < 0.01. ANOVA, analysis of variance.

the examined field. Each parameter (pyknotic neurons, vac-
uolization, edema, and microhemorrhage) was scored sep-
arately. For each animal, 20 non-overlapping areas were
randomly selected from the same cortical region and ex-
amined. Histopathological evaluation was conducted by a
blinded expert in histology [37].

2.7 Statistical Analyses

All statistical analyses were performed using Graph-
Pad Prism 9 (GraphPad Software, San Diego, CA, USA).
Data distribution was assessed using the Shapiro–Wilk test
before inferential analysis. Variables that met the assump-
tion of normality (p > 0.05) were analyzed using paramet-
ric tests, and the results are presented as mean ± standard
deviation (SD). Comparisons among multiple groups were
performed using one-way analysis of variance (ANOVA),

followed by Tukey’s post hoc test for pairwise compar-
isons when appropriate. For datasets that did not meet the
normality assumption (p < 0.05), non-parametric analy-
ses were applied. Specifically, the Kruskal–Wallis test was
used for multiple group comparisons, followed by Dunn’s
post hoc test where applicable. A p-value < 0.05 was con-
sidered statistically significant.

3. Results
3.1 Blood Pressure Assessment

Blood pressure values were measured at the end of the
behavioral experiments and compared among the groups.
Systolic blood pressure in the EtOH group (44.46 ± 12.36
mmHg) was significantly lower than in the control group
(81.79 ± 8.70 mmHg; p = 0.005). In contrast, systolic
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Fig. 2. Effects of EtOH and DSF treatments on anxiety-related behaviors in the elevated plus maze (EPM) test (n = 7). (A) Open
arm time (sec), (B) open arm entrance number, (C) head dipping behavior number, and (D) stretch-attend posture number in control,
EtOH, EtOH + DSF, and DSF groups. Data are presented as mean ± SD (n = 7 per group). Statistical analysis was performed using
one-way ANOVA followed by Tukey’s post hoc test.

blood pressure in the EtOH + DSF group (86.82 ± 19.54
mmHg) was significantly higher than in the EtOH group
(44.46 ± 12.36 mmHg; p = 0.002). Diastolic blood pres-
sure in the EtOH group (18.39± 15.27 mmHg) was signif-
icantly lower than that in the control group (44.06 ± 22.10
mmHg; p = 0.036). Mean arterial pressure in the EtOH
group (35.41 ± 15.49 mmHg) was also significantly lower
than in the control group (58.32± 8.03 mmHg; p = 0.027).
However, mean arterial pressure in the EtOH + DSF group
(58.78± 13.92 mmHg) was significantly higher than in the
EtOH group (35.41± 15.49 mmHg; p = 0.024). No signifi-
cant differences were observed in heart rate among the con-
trol (296.90 ± 43.71 bpm), EtOH (299.60 ± 58.21 bpm),
EtOH + DSF (242.20 ± 18.27 bpm), and DSF (257.50 ±
28.37 bpm) groups. Overall, DSF treatment increased sys-
tolic and mean arterial pressure compared with the EtOH
group, but did not significantly affect diastolic blood pres-
sure or heart rate in rats (Fig. 1).

3.2 Elevated Plus Maze Test

In the EPM test, no significant differences were ob-
served among the groups in the time spent in the open arms
(control: 51.43 ± 18.28 s; EtOH: 42.29 ± 14.07 s; EtOH
+ DSF: 35.14 ± 7.58 s; DSF: 43.00 ± 23.30 s), number
of open arm entries (control: 2.28 ± 0.75; EtOH: 2.00 ±
0.57; EtOH + DSF: 1.71 ± 0.75; DSF: 2.00 ± 1.15), head-
dipping behavior (control: 3.71± 1.89; EtOH: 3.14± 1.57;
EtOH + DSF: 2.57 ± 1.13; DSF: 3.14 ± 1.77), or stretch-
attend postures (control: 1.57 ± 0.78; EtOH: 1.42 ± 0.53;
EtOH + DSF: 1.57 ± 0.53; DSF: 1.42 ± 0.53) (p > 0.05
for all comparisons). These findings indicate that the treat-
ments did not induce significant changes in the behavioral
parameters measured in the EPM test (Fig. 2).

3.3 Open Field Test

In the OFT, the total distance traveled was signifi-
cantly reduced in the EtOH group (325.7 ± 140.3) com-
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pared with the control group (774.3 ± 132.5; p < 0.0001).
When the EtOH and EtOH + DSF groups were compared,
an increase in total distance traveled was observed in the
EtOH + DSF group (471.4 ± 111.3); however, this differ-
ence was not statistically significant (Fig. 3). Thus, while
ethanol administration significantly decreased the total dis-
tance traveled, DSF treatment exerted a partial mitigating
effect on locomotor activity. During grooming time, a sig-
nificant increase was observed in the EtOH group (52.14
± 7.19) compared with the control group (22.86 ± 5.64; p
< 0.001). In contrast, grooming time in the EtOH + DSF
group (32.43 ± 6.29) was significantly reduced compared
with the EtOH group (52.14 ± 7.19; p < 0.001). Similarly,
analysis of freezing time revealed a significant increase in
the EtOH group (56.00 ± 10.39) compared with the con-
trol group (18.14 ± 4.01; p < 0.001). However, the EtOH
+ DSF group (35.71 ± 5.25) showed a significant decrease
in freezing duration compared with the EtOH group (56.00
± 10.39; p < 0.001; Fig. 4). Overall, these findings sug-
gest that ethanol exposure increased anxiety-like behavioral
parameters in the OFT, whereas DSF treatment attenuated
these behavioral alterations.

Fig. 3. Effects of EtOH andDSF treatments on anxiety-related
behaviors in the open field test (OFT) (n = 7). Data are pre-
sented as mean ± SD (n = 7 per group). Statistical analysis was
performed using one-way ANOVA followed by Tukey’s post hoc
test. **p < 0.01, ***p < 0.001, ****p < 0.0001.

3.4 Forced Swimming Test

In the intergroup evaluation of the FST, immobility
time in the EtOH group (176.0± 27.69 s) was significantly
increased compared with the control group (106.9 ± 28.18
s; p< 0.0001). In the EtOH +DSF group (134.6± 19.48 s),

immobility time was significantly reduced compared with
the EtOH group (p = 0.01). In animals receiving only DSF
(71.71 ± 13.98 s), immobility time was also significantly
decreased compared with the control group (p = 0.04). Re-
garding latency to immobility, the EtOH group (37.43 ±
10.69 s) showed a significant reduction compared with the
control group (80.29 ± 21.45 s; p = 0.001). In the EtOH +
DSF group (67.71± 17.93 s), latency timewas significantly
increased compared with the EtOH group (p = 0.027). Fur-
thermore, in the DSF-only group (108.3± 22.49 s), latency
time was significantly higher than in the control group (p
= 0.046; Fig. 5). These findings indicate the depressogenic
effects of ethanol and suggest that DSF may contribute to
partial improvement of these outcomes.

3.5 Brain Tissue Histopathology Results
Fig. 6 illustrates the histopathological appearance of

brain tissue following H&E staining. In the control group,
neurons in the cerebral cortex exhibited normal architec-
ture, with euchromatic nuclei and visible nucleoli, indicat-
ing preserved cellular morphology. The neuronal arrange-
ment was regular, and the intercellular spacing appeared
normal. Cytoplasmic integrity was maintained, with no ev-
idence of vacuolization. In addition, glial cell density was
within normal limits. In the EtOH group, widespread cel-
lular damage was observed in the cerebral cortex compared
with the control group. In this group, darkly stained py-
knotic neurons with shrunken nuclei (p< 0.001), as well as
increased vacuolization (p < 0.001), edema (p < 0.001),
and microhemorrhage areas (p < 0.001), were detected
(Fig. 6). Treatment with DSF reduced degenerative alter-
ations in the cerebral cortex, including the number of py-
knotic neurons and the extent of vacuolization, edema, and
microhemorrhage. Fig. 7 shows TB staining used to eval-
uate intact and degenerative neurons in the cerebral cor-
tex. The number of degenerative neurons was significantly
higher in the EtOH group than in the control group (p <

0.001). However, DSF treatment significantly reduced the
number of degenerative neurons in the EtOH + DSF group
(p < 0.001).

4. Discussion
In this study, rats exposed to binge-like ethanol

showed a significant reduction in both systolic and mean
arterial blood pressure. In contrast, DSF administration ap-
peared to restore systolic and mean arterial pressure with-
out markedly affecting diastolic pressure or heart rate. Be-
havioral assessments revealed that ethanol induced depres-
sogenic and anxiogenic-like effects, as evidenced by in-
creased immobility and decreased latency in the FST and
reduced locomotor activity in the OFT. DSF partially mit-
igated these behavioral effects. EPM parameters were not
significantly affected by any treatment. Histopathological
analysis of the cerebral cortex in ethanol-treated rats re-
vealed neuronal damage, including pyknotic neurons, vac-
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Fig. 4. Effects of EtOH and DSF treatments on anxiety-related behavioral parameters in the OFT (n = 7). Grooming time and
freezing time are presented as mean ± SD (n = 7 per group). Statistical comparisons were performed using one-way ANOVA followed
by Tukey’s post hoc test. *p < 0.05, ***p < 0.001.

Fig. 5. Effects of EtOH and DSF treatments on depression-related behaviors in the forced swimming test (FST) (n = 7). Data are
presented as mean ± SD (n = 7 per group). (A) Immobility time (sec). (B) Latency time (sec). Statistical analysis was performed using
one-way ANOVA followed by Tukey’s post hoc test. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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Fig. 6. Representative photomicrographs of brain tissue from Control, EtOH, EtOH + DSF, and DSF groups (n = 7) at 200× and
400×magnifications, H&E staining. (A) In the EtOH group, extensive histopathological alterations were observed, including increased
distribution of pyknotic neurons (black stars), vacuolization (red arrows), edema (beige arrows), and microhemorrhages (arrowheads).
(B) Pyknotic neuron distribution, (C) brain tissue vacuolization, (D) brain tissue edema, and (E) brain tissue microhemorrhage in control,
EtOH, EtOH + DSF, and DSF groups. Data are presented as mean ± SD (n = 7 per group). Statistical analysis was performed using the
Kruskal–Wallis test followed by Dunn’s post hoc multiple comparisons test. Scale bars: 25 µm and 50 µm. *p < 0.05, ***p < 0.001,
****p < 0.0001.

uolization, edema, and microhemorrhages. In addition to
these changes, DSF treatment reduced neuronal degenera-
tion as assessed by histopathological examination. Over-
all, these findings suggest that DSF exerts a protective

effect against ethanol-induced cardiovascular, behavioral,
and neurohistological alterations.

Our EPM findings indicate that neither ethanol nor
DSF had a significant effect in this binge-like ethanol con-
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Fig. 7. Representative photomicrographs of brain tissue sections from control, EtOH, EtOH + DSF, and DSF groups (n = 7) at
200× and 400×magnifications, toluidine blue (TB) staining. Data are presented as mean± SD (n = 7 per group). Statistical analysis
was performed using the Kruskal–Wallis test followed by Dunn’s post hoc multiple comparisons test. Green arrow shows degenerative
neurons. Scale bars: 25 µm and 50 µm. **p < 0.01, ***p < 0.001.

sumption model. This is consistent with previous studies
reporting that ethanol does not reliably induce anxiety-like
behavior in the EPM test [38,39]. However, DSF has been
reported to produce anxiolytic-like effects in rodents under
specific conditions [40,41]. For instance, Saitoh et al. [40]
demonstrated that DSF increased the time spent in the open
arms of the EPM in a dose- and time-dependent manner.
Conversely, Escrig et al. [42] reported that DSF alone did
not alter open-arm exploration, whereas co-administration
of DSF (60–90 mg/kg) with ethanol induced anxiogenic ef-
fects [42]. Our EPM results may be related to the dose, du-
ration, and route of DSF administration. Additionally, the
absence of significant alterations in the ethanol group may
be attributable to the relatively short duration of ethanol ex-
posure, as longer or more chronic exposure periods could
lead to more pronounced behavioral changes.

The OFT results showed that ethanol exposure re-
duced locomotor activity and increased anxiety-related be-
haviors, whereas DSF partially reversed these effects [43].
Saitoh et al. [40] reported that DSF administration did
not significantly alter locomotor activity compared with
the control group. Similarly, Kim and Souza-Formigoni
[44] reported that mice treated with DSF (15 mg/kg) or
placebo, in combination with ethanol or saline for 10 days,
showed no significant change in locomotor activity follow-
ing acute DSF administration; however, ethanol-sensitized
mice exhibited higher locomotor activity compared with
saline-treated controls [44]. Consistent with the findings of
Kim and Souza-Formigoni [44], the dose and duration of
DSF administration in our study mitigated ethanol-induced
anxiety-like behaviors.

Our FST results demonstrated increased immobility
and decreased latency to immobility in the ethanol group,
indicative of depression-like behavior. This finding is con-
sistent with previous studies linking binge-like ethanol ex-
posure to depressive-like phenotypes [10,45]. Repeated

binge-like ethanol exposure in adolescent female rats has
been shown to elicit both anxiety- and depression-like be-
haviors [46], and chronic binge-like alcohol exposure simi-
larly promotes depressive-like behaviors in adolescent rats
[11]. In the present study, DSF treatment reversed ethanol-
induced changes in immobility and latency times. While
previous studies have primarily focused on the biological
effects or locomotor activity of DSF, our binge-like drink-
ing model suggests that DSF may exert a protective effect
by attenuating ethanol-induced depression-like behaviors.

Binge-like drinking generates acetaldehyde and
downstream acetate, both centrally and peripherally [28].
These metabolites have significant dose- and tissue-
dependent effects, including direct control of vascular
tone, hemodynamic alterations [47], and sympathetic
activation [48]. In our study, systolic and mean arterial
blood pressure were reduced in the ethanol group, indi-
cating ethanol-induced hypotension. Consistent with this,
a previous chronic alcohol study reported the onset of
hypotension in rats beginning in the third week of ethanol
exposure [47]. In a study by Yao and Abdel-Rahman [49],
ethanol administration was also associated with hypoten-
sion in rats. Similarly, in an 8-week chronic ethanol study
conducted in female rats, ethanol-induced hypotension
was observed [50]. In contrast to our findings, Jensen
and Faiman [51] reported that combined administration of
ethanol and DSF induced hypotension in rats. DSF inhibits
aldehyde dehydrogenase, leading to marked accumulation
of acetaldehyde when ethanol is consumed. Acetaldehyde
causes vasodilation, increased capillary permeability, and
hypotension, producing flushing, tachycardia, and low
blood pressure [52]. A study has also reported a hyperten-
sive effect of DSF in the absence of alcohol dependence.
The effect of DSF on blood pressure may not depend solely
on ethanol metabolism; DSF may also exert direct vascular
regulatory effects via autonomic and catecholaminergic
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mechanisms [53]. The findings of our study suggest that
DSF may partially attenuate the hypotensive response and
may contribute to cardiovascular autonomic regulation,
possibly through vasoconstrictive effects in rats, depending
on the dose and duration of administration.

The cerebral cortex of ethanol-exposed rats exhib-
ited significant cellular damage and degenerative changes,
whereas brain tissue from the control group maintained a
healthy structure. Consistent with our findings, a previ-
ous 12-week ethanol exposure study also reported degen-
erative lesions and vacuolization in the brains of rats [54].
Another study reported that alcohol exposure in rats was
associated with hemorrhage, congestion, necrosis, and cel-
lular infiltration in the brain [55]. In a previous study, in-
tranasally administered DSF was investigated as a poten-
tial therapeutic agent for glioblastoma treatment [56]. In
our binge-like ethanol drinking model, DSF treatment mit-
igated these neurodegenerative changes and, particularly in
TB staining, markedly reduced the number of degenera-
tive neurons. Histologically, DSF promoted the recovery
of ethanol-damaged neurons.

5. Limitations
This study has certain limitations. First, it was not

possible to assess sex-related differences in the responses
of the rats to ethanol and DSF because the study was lim-
ited to male rats. Second, only the OFT, EPM, and FST as-
sessments were used as behavioral evaluations; additional
cognitive and memory-related tests would have provided a
more comprehensive understanding of the neurobehavioral
effects. Third, biochemical and molecular analyses that
could have elucidated the underlying mechanisms of the re-
ported protective effects, such as oxidative stress markers,
neurotransmitter levels, and inflammatory cytokines, were
not conducted. Fourth, the study focused only on early-
stage injury and behavioral alterations, which may not fully
reflect the long-term consequences of the condition. Fi-
nally, the lack of blood ethanol concentration (BEC) mea-
surements represents an important limitation. The absence
of BEC data precludes direct verification of intoxication
levels and assessment of inter-animal variability in ethanol
exposure.

6. Conclusion
In summary, our findings demonstrate that binge-like

ethanol exposure induces cardiovascular dysfunction, neu-
robehavioral impairments, and cortical neuronal damage in
rats. DSF treatment exerted protective effects by reversing
ethanol-induced hypotension, ameliorating depressive-like
behaviors, and reducing neuronal degeneration. While DSF
did not significantly influence anxiety-related parameters in
the EPM, this agent partially improved locomotor activity
and depression-like outcomes. These results suggest that
DSF may serve as a potential therapeutic candidate against
the deleterious cardiovascular, behavioral, and neurohisto-

logical effects of binge-like ethanol consumption. How-
ever, although our findings indicate potential neuroprotec-
tive and behavioral benefits of DSF in a binge-like exposure
model, the clinical feasibility of using this agent in this pop-
ulation may be limited without appropriate patient selec-
tion, monitoring, and education. Thus, future clinical stud-
ies should focus on identifying subgroups of binge drinkers
who may benefit from DSF-based interventions, optimiz-
ing dosing strategies, and evaluating safety outcomes un-
der controlled conditions. Integrating pharmacological ap-
proaches with behavioral interventions may also improve
adherence and reduce risks in this population. Moreover,
further studies involving both sexes, extended treatment pe-
riods, and molecular analyses are warranted to clarify the
underlying mechanisms and long-term impact of DSF.
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