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ABSTRACT

Introduction: Depression is a complex neuropsychiatric disorder associated with behavioral
abnormalities, neurotransmitter imbalance, oxidative stress, and neuroinflammation. Chronic
alcohol exposure and withdrawal contribute to depressive-like behavior through disruption
of neuronal function. The gut-brain axis has gained attention as a potential therapeutic target,
with probiotics showing promising neuroprotective effects. Aims: This study evaluated the
antidepressant-like effects of Lactobacillus casei strain Shirota LcS () in an ethanol-induced depression
mouse model by assessing behavioral, biochemical, inflammatory, and histopathological changes.
Materials and Methods: Male Swiss albino mice were divided into five groups (n = 5). Depression-
like behavior was induced by gradual ethanol exposure for 14 days, followed by withdrawal. LcS
(0.5 % 10%and 1 X 10’ colony forming unit [CFU]) was administered orally for 14 days. Behavioral
assessments included the open field test, elevated plus maze, sucrose preference test, tail suspension test,
and light/ dark box test. Brain tissues were analyzed for Y-aminobutyric acid (GABA), malondialdehyde,
tumor necrosis factor-alpha (TNF-u), interleukin (IL)-1{, and IL-6 levels, along with hippocampal
histopathological evaluation. Results: Ethanol exposure significantly induced depressive-like behavior,
decreased GABA levels, increased lipid peroxidation, elevated pro-inflammatory cytokines (TNE-QL,
IL-1f, and IL-6), and caused hippocampal neuronal damage (P < 0.001). LcS treatment, particularly
at 1 X 10° CFU, significantly improved behavioral abnormalities, partially restored GABA levels,
reduced oxidative stress and proinflammatory cytokines without completely normalizing them, and

preserved hippocampal neuronal architecture. The observed findings are consistent with modulation of

Conflicts of Interest: None declared. the microbiota-gut-brain axis, although this mechanism was not directly investigated. Conclusion: LcS
demonstrated antidepressant-like activity in this preclinical model by improving behavioral outcomes,
partially restoring neurotransmitter balance, reducing oxidative stress and neuroinflammation, and
preserving hippocampal integrity. These findings are consistent with a potential role of the microbiota-
gut-brain axis, although this mechanism remains to be confirmed. LcS warrants further mechanistic

studies and clinical evaluation as a potential psychobiotic intervention for alcohol-associated depression.
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impaired cognition, and reduced quality of life. It affects more

Introduction
than 280 million people worldwide and is a major contributor

Depression is one of the most prevalent neuropsychiatric to disability and disease burden.Although conventional

disorders and is characterized by persistent sadness, anhedonia, antidepressants such as selective serotonin reuptake inhibitors

and benzodiazepines are widely used, their clinical utility is often
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limited by delayed onset of action, adverse effects, and incomplete
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Chronic alcohol consumption is an important risk factor for
the development of depressive disorders. Ethanol exposure and
subsequent withdrawal disrupt neurotransmitter systems, including
Y-aminobutyric acid (GABA), dopamine, serotonin, and glutamate,
while simultancously increasing oxidative stress, neuroinflammation,
and neuronal damage, particularly in the hippocampus. These
pathological changes contribute to depressive- and anxiety-like
behaviors, making ethanol withdrawal animal models valuable tools

for evaluating novel antidepressant therapies.P!

Recent research has highlighted the crucial role of the microbiota-
gut-brain axis in regulating brain function and emotional behavior.
Alterations in gut microbiota composition have been associated with
depression and other neuropsychiatric disorders. Consequently,
probiotics have emerged as promising psychobiotic agents capable
of influencing central nervous system function through immune,

endocrine, metabolic, and neural pathways.

Among probiotics, Lactobacillus casei strain Shirota (LcS) is one of
the most extensively studied strains due to its antioxidant, anti-
inflammatory, and immunomodulatory properties.”! Previous
studies have shown that LcS can improve intestinal barrier function,
regulate cytokine production, reduce systemic inflammation, and
influence neurotransmitter synthesis. Since neuroinflammation,
oxidative stress, and impaired GABAergic neurotransmission are key
mechanisms underlying alcohol-induced depression, LcS may provide
neuroprotective and antidepressant benefits through modulation of

the gut-brain axis."

Therefore, the present study was undertaken to evaluate the
antidepressant effect of LcS in an ethanol-induced depression mouse
model. Behavioral assessments were complemented by biochemical
estimation of GABA, oxidative stress marker malondialdehyde (MDA),
pro-inflammatory cytokines (tumor necrosis factor-alpha [TNF-0(],
interleukin [IL]-1f, and IL-6), and histopathological examination of
the hippocampus to comprehensively investigate the neuroprotective

mechanisms of probiotic treatment.

Materials and Methods

Chemicals and reagents

Commercial Yakult® (Yakult Danone India Pvt. Ltd., Sonipat, Haryana,
India) containing LcS (6.5 X 10° colony-forming unit [CFU]/65 mL)
was used as the probiotic source. Analytical-grade chemicals, including
ethanol, dimethyl sulfoxide, hydrochloric acid, sodium hydroxide,
hydrogen peroxide, trichloroacetic acid, and thiobarbituric acid, were
obtained from standard laboratory suppliers. Commercial enzyme-linked
immunosorbent assay (ELISA) kits for GABA, TNF-0., IL-13, and IL-6
were purchased from KRISHGEN Biosystems (Mumbai, India) [Figure 1].

Experimental animals!”!

Adult male Swiss albino mice (7—8 weeks old, 22-25 g) were obtained
from the institutional animal facility and housed under standard

laboratory conditions (25 £ 2°C, 60-65% humidity, 12 h light/dark

cycle) with free access to food and water. Animals were acclimatized for
1 wecek before the study. All experimental procedures were approved by
the Institutional Animal Ethics Committee (Approval No. 2240/PO/
Re/8/23/CCSEA) and conducted according to CPCSEA guidelines.

Preparation of LcS suspension

Yakult® was centrifuged at 4000 X g for 10 min at 4°C to obtain the
bacterial pellet. The pellet was washed twice with sterile phosphate-
buffered saline (PBS) and resuspended in PBS. Fresh suspensions
containing 0.5 X 10° CFU and 1 X 10” CFU were prepared daily for

oral administration.

Experimental design

Twenty-five mice were randomly divided into five groups (n = 5):
®  Group I: Normal control (normal salinc).

Group II: Disease control (ethanol withdrawal).

Group III: Standard treatment (diazepam, 1 mg/kg, i.p.).
Group IV: LcS low dose (0.5 X 107 CFU/day, p.o.).
Group V: Lc$ high dose (1 X 10° CFU/day, p.o.).

Induction of ethanol withdrawal-induced
depression

Depression-like behavior was induced by administering progressively
increasing concentrations of ethanol (2%, 5%, 10%, 15%, and
20% v/v) in drinking water for 14 consecutive days, followed by a
4-day withdrawal period. During withdrawal, animals underwent
the sucrose preference test (SPT). After withdrawal, diazepam or

probiotic treatment was administered daily for 14 days.

Behavioral assessment'®

Behavioral tests were conducted between 09:00 and 15:00 h under

identical environmental conditions.

Open field test (OFT)
Each mouse was placed in the center of a 60 X 60 cm open ficld arena
for 5 min. Time spent in the central and peripheral zones was recorded

to assess locomotor activity and anxiety-like behavior.

Elevated plus maze (EPM)
Animals were placed at the center of the maze facing an open arm
and observed for 5 min. Time spent and entries into the open and

closed arms were recorded.

SPT
Anhedonia was assessed using a two-bottle choice test (1% sucrose

solution and water). Sucrose preference (%) was calculated as:

Sucrose intake
Sucrose preference (%) =— X% 100
Total fluid intake
Tail suspension test (TST)
Mice were suspended individually by the tail for 6 min, and total
immobility time was recorded as an indicator of depressive-like

behavior.
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Light/dark box test

Animals were placed in the dark compartment of the apparatus
and allowed to explore freely for 5 min. Time spent in
the dark compartment was recorded as a measure of anxiety-like

behavior.

Biochemical analysis!

Following behavioral studies, mice were euthanized, and brains
were rapidly excised and homogenized (10% w/v) in phosphate
buffer (0.1 M, pH 7.4). The homogenates were centrifuged, and the

supernatants were used for biochemical estimations.

Estimation of GABA
Brain GABA levels were measured using a commercial ELISA kit

according to the manufacturer’s instructions.

Lipid peroxidation assay
Lipid peroxidation was determined by estimating MDA using the
thiobarbituric acid reactive substances method, and absorbance was

measured at 532 nm.

Estimation of pro-inflammatory cytokines
Brain concentrations of TNF-0., IL-1f, and IL-6 were quantified
using commercial sandwich ELISA kits following the manufacturer’s

protocol.

Histopathological examination!'”!

Brain tissues were fixed in 10% neutral buffered formalin, embedded
in paraffin, sectioned at 5 Wm, stained with hematoxylin and cosin,
and examined microscopically for hippocampal neuronal degeneration

and structural alterations.

Statistical analysis

Data are presented as mean ¥ standard error of the mean. Statistical
analysis was performed using GraphPad Prism software. One-way
analysis of variance followed by Dunnett’s multiple comparison test
was used to compare groups. A value of P < 0.05 was considered

statistically significant.
Results

Effect of LcS on behavioral parameters
OFT

Ethanol withdrawal significantly reduced the time spent in the center
zone (13.3 £ 0.33 s) compared with the normal control group (40.0 +
0.67s; #**P < 0.001; F(4,10) = 128) and increased peripheral activity
(156.33 £ 1.95svs. 119.30 = 2.14 s; ¥*P < 0.002). Treatment with
LcS improved exploratory behavior in a dose-dependent manner.
The higher dose (1 X 10° CFU) significantly increased center-zone
time (32.0 £ 0.53 s) and reduced peripheral activity (132.67 £
3.35 5), while the lower dose showed moderate improvement
[Table 1 and Figure 2].

Table 1: Time Spent at center zone and periphery
zone (sec) in OFT

S. Groups Time spent at Time spent at

No. center zone (s) periphery zone (s)
Meant*SEM MeantSEM

1. Control 4010.67 119.312.14

2. Disease 13.310.33 156.3311.95

3. Standard 34.6710.55 129.312.21

4. Treatment 1 (0.5%X10° CFU) 27.33%0.51 144.3%3.50

5. Treatment 2 (1X10° CFU) 3210.53 132.67%3.35

OFT: Open field test, SEM: Standard error of the mean, CFU: Colony forming unit

Antidepressant Effect of Lactobacillus casei Strain Shirota
in Ethanol-Induced Depression Mouse Model

¥

1. MODEL
Ethanol exposure for 14 days
Followed by withdrawal

¥

2. TREATMENT (14 DAYS)
Diazepam (1 mg/kg, i.p.)
LcS 0.5 x 10° CFU, p.o.

LeS 1 x 10° CFU, p.o.

¥

3. BEHAVIORAL ASSESSMENT
* Open Field Test
¢ Elevated Plus Maze
* Sucrose Preference Test
* Tail Suspension Test
* Light/Dark Box Test

¥

4. BIOCHEMICAL ANALYSIS
* GABA
* MDA (Oxidative Stress)
¢ TNF-a
« IL-1B
e IL-6

L 2
5. HISTOPATHOLOGICAL EXAMINATION
Hippocampal tissue (H&E staining)

L 2

6. KEY FINDINGS (LcS 1 x 10° CFU)
1 Open-arm exploration
1 Sucrose preference
| Immobility time
| Time in dark compartment
1 GABA levels
| MDA (oxidative stress)
| TNF-o, IL-1B, IL-6
Protected hippocampal neurons

¥

7. CONCLUSION
LcS supplementation exerts antidepressant-like effects by
modulating the gut-brain axis, restoring neurotransmitter
balance, reducing oxidative stress and neuroinflammation,
and protecting hippocampal integrity.

Figure 1: Schematic representation of the experimental design and
antidepressant effects of Lactobacillus casei strain Shirota in an ethanol-induced
depression mouse model

EPM test
Ethanol withdrawal significantly decreased time spent in the open
arms (13.87 £ 0.46%) and increased time in the closed arms (82.27
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Figure 2: Effect of Lactobacillus casei strain shirota on time spent in the center zone and periphery zone (sec) in the open field test Note: p < 0.05,p < 0.001.

+0.33%) compared with normal controls (***P < 0.001). Treatment
with the higher probiotic dose significantly increased open-arm time
(24.45 * 1.08%) and open-arm entries (57.33 £ 1.01%) while
reducing closed-arm time (66.70 £ 0.63%), indicating reduced
anxiety-like behavior [Table 2].

SPT

Sucrose preference was significantly reduced in the disease control
group (52.75 * 0.52%) compared with normal controls (85.0 *
0.73%; ***p < 0.001; F(4,15) = 84.5). The higher probiotic dose
restored sucrose preference to 64.45 + 0.80%, whereas the standard
treatment showed 71.0 = 0.69% [Table 3].

ST

Immobility time increased significantly following ethanol withdrawal
(194.60 £ 1.71 s) compared with normal controls (110.60 * 2.33s;
kP < 0.001; F(4,10) = 142). Treatment with the higher probiotic
dose reduced immobility time to 121.0 £ 0.33 s, comparable to the
standard treatment (116.30  2.77 s) [Table 3].

Light/dark box test

The disease control group spent significantly more time in the dark
compartment (128.67 1 1.50s) than normal controls (65.67 £ 0.69's;
kP < (0.001; F(4,10) = 602). Treatment with LcS significantly reduced
dark-compartment time, with the higher dose (80.30 £ 0.91 s) showing
greater efficacy than the lower dose [Table 3].

Effect on neurotransmitter and oxidative stress
markers

Brain GABA levels
Brain GABA levels were significantly reduced after ethanol
withdrawal (102.46 £ 2.04 pg/mL) compared with controls (248.26
1 0.87 pg/mL; *#%P < 0.001; F(4,10) = 398).The higher probiotic
dose significantly increased GABA levels to 162.70 £ 0.88 pg/mL
[Table 4 and Figure 3].

Lipid peroxidation

MDA levels increased significantly in the disease control group
(5.50 £ 0.10 nmol/mL) compared with normal controls (1.90 £
0.03 nmol/mL; *#*P < 0.001; F(4,10) = 156). Treatment with the

Table 2: Percentage time spent at open arm, closed arm, and No.

of entry in open arm in EPM

S. Groups Percentage Percentage Percentage
No. time spent time spentat No. of entry
atopenarm closed arm in open arm
MeantSEM MeantSEM MeantSEM
1. Control 40.610.83 54+0.88 84.6711.34
2. Discase 13.8710.46 82.27%0.33 3310.88
3. Standard 33.70%1.33 55.37%0.80 73.33%1.18
4. Treatment 1 (O.5><10(7 CFU) 21.36%0.65 70.11+0.64 41.3310.83
5. Treatment 2 (1X10” CFU) 24.451+1.08 66.710.63 57.33%1.01

EPM: Elevated plus maze, SEM: Standard error of the mean, CFU: Colony forming unit

Table 3: Percentage sucrose intake, percentage immobility time,

and time spent in dark compartment

S.  Groups Percentage  Percentage  Time spent
No. sucrose immobility in dark
intake time compartment

MeantSEM MeantSEM  MeantSEM
1. Control 8510.73 110.612.33 65.67%0.69
2. Disease 52.7510.52 194.611.71 128.67£1.50
3.  Standard 7110.69 116.31£2.77 73.6710.70
4. Treatment 1 (0.5X10° CFU) 52+0.77 185.610.69  120.67£1.01
5. Treatment 2 (1X10° CFU) 64.4510.80 121140.33 80.310.91

SEM: Standard error of the mean, CFU: Colony forming unit

higher probiotic dose reduced MDA levels to 4.00 + 0.06 nmol/mL
[Table 4 and Figure 3].

Effect on neuroinflammatory cytokines

TNF-o.

TNF-0 levels were significantly elevated following ethanol withdrawal
(432.10 £ 0.82 pg/mL) compared with controls (285.70 *
1.21 pg/mL; ***p < 0.001; F(4,10) = 743). The higher probiotic
dose reduced TNF-0t to 331.50 £ 0.74 pg/mL [Table 5 and Figure 4].

IL-1B
IL-1PB concentrations increased significantly after ethanol
withdrawal (50.67 £ 0.42 pg/mL) compared with controls

.Innovations in Pharmaceuticals and Pharmacotherapy | Jul-Sep 2026 | Vol 14 | Issue 3
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Figure 4: Concentration of neuroinflammatory cytokines in brain tissue Note: p < 0.01, p < 0.001.

Table 4: Effect on neurotransmitter and oxidative stress markers

Table 5: Concentration of neuroinflammatory cytokines in brain

S.  Groups GABA Lipid

No. neurotransmitter peroxide
Concentration Mean of

(pg/mlL) Concentration
MeantSEM (nmol/mL)

1. Control 248.2610.87 1.910.03

2. Disease 102.4612.04 5.5%0.10

3. Standard 112.31£3.03 2.7+0.06

4. Treatment 1 (0.5X10° CFU) 100.5%0.55 5.2+0.08

5. Treatment 2 (1X10° CFU) 162.7£0.88 4.0+0.06

tissue
S. Groups TNF-0 IL-1B IL-6
No. Mean of Mean of Mean of
concentration concentration concentration
(pg/mL) (pg/mL) (pg/mL)
1. Control 285.7%1.21 16.6710.50 117£3.4
2. Disease 432.110.82 50.6710.42 345.3+1.2
3. Standard 323.1+0.93 25%0.66 140.91t1.4
4. Treatment 1 (0.5X10° CFU) 417.3+2.33 47.33+0.69 322.1+1.0
5. Treatment 2 (1X10” CFU) 331.51+0.74 22+0.53 167.2£2.7

SEM: Standard error of the mean, GABA: y-aminobutyric acid, CFU: Colony forming unit

(16.67 £ 0.50 pg/mL; ***P < 0.001; F(4,10) = 246).
Treatment with the higher probiotic dose reduced IL-1 B to 22.00
1 0.53 pg/mL [Table 5 and Figure 4].

CFU: Colony forming unit, TNF-o:: Tumor necrosis factor-alpha, IL: Interleukin

IL-6
IL-6 levels were significantly elevated in the disease control group

(345.30 £ 1.20 pg/mL) compared with controls (117.00 *
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3.40 pg/mL; **kP < 0.001; F(4,10) = 776). Administration of the
higher probiotic dose reduced IL-6 to 167.20 = 2.70 pg/mL [Table 5
and Figure 4].

Histopathological evaluation

Histological examination of the hippocampus showed normal neuronal
architecture in the control group, whereas ethanol withdrawal caused
neuronal degeneration, vacuolization, and reduced neuronal density.
Standard treatment and LcS markedly improved hippocampal morphology
in a dose-dependent manner, with the higher dose showing near-normal

neuronal architecture and minimal tissue damage [Figure 5].

Discussion

The present study evaluated the antidepressant-like activity of
LcS in a chronic ethanol withdrawal-induced neurobehavioral
dysfunction model in mice. Progressive ethanol concentrations (2%,
5%, 10%, 15%, and 20% v/v) were employed to facilitate gradual
adaptation to chronic ethanol exposure while minimizing ethanol
aversion, dehydration, and acute toxic effects. This dose-escalation
strategy closely resembles the progressive pattern of alcohol
consumption observed in humans and promotes the development
of physiological dependence through sustained neuroadaptive
changes. Chronic ethanol exposure is known to disrupt GABAergic
and glutamatergic neurotransmission, increase oxidative stress,
and activate neuroinflammatory pathways, thereby establishing a

reproducible model of alcohol dependence and withdrawal.

A 14-day ethanol exposure period was selected based on previous
experimental evidence demonstrating that continuous ethanol
administration for 2 weeks is sufficient to induce alcohol dependence,
neurochemical adaptations, hippocampal dysfunction, oxidative stress,
and neuroinflammation without causing excessive mortality or severe
systemic toxicity. This duration reliably produces behavioral abnormalities

resembling anxiety- and depressive-like phenotypes, making it a well-

established model for investigating alcohol-induced neurobehavioral
dysfunction. Following ethanol exposure, mice underwent a 4-day
withdrawal period to permit the manifestation of withdrawal-
associated behavioral and biochemical disturbances. During withdrawal,
compensatory neuroadaptations developed during prolonged ethanol
exposure become unmasked, resulting in reduced GABAergic inhibitory
tone, enhanced glutamatergic excitability, increased oxidative stress,
activation of pro-inflammatory signaling pathways, and the emergence
of anxiety- and depressive-like behaviors. Previous studies have shown
that these neurobiological alterations are most prominent during the
carly withdrawal phase, supporting the selection of a 4-day withdrawal

period for evaluating therapeutic interventions.!""!

Diazepam (1 mg/kg, i.p.) was selected as the standard drug because
it remains the first-line pharmacological treatment for alcohol
withdrawal syndrome. As a positive allosteric modulator of GABAA
receptors, diazepam enhances inhibitory neurotransmission, thereby
reducing withdrawal-induced neuronal hyperexcitability, anxiety,
and behavioral disturbances. Although selective serotonin reuptake
inhibitors (SSRIs), such as fluoxetine, are frequently used as reference
drugs in conventional depression models, the present study employed
an ethanol withdrawal-induced neurobehavioral model in which
restoration of GABAergic neurotransmission represents the primary
therapeutic target. Therefore, diazepam served as an appropriate
positive control for validating the experimental model and comparing

the efficacy of the probiotic intervention.!'>"!

The successful establishment of the ethanol withdrawal-induced
neurobehavioral dysfunction model was confirmed using
complementary behavioral, biochemical, and histopathological
assessments. Behavioral validation was demonstrated by reduced
locomotor exploration in the OFT, decreased open-arm exploration
in the EPM, reduced sucrose preference, prolonged immobility in the
TST, and increased time spent in the dark compartment of the Light/
Dark Box Test, collectively indicating anxiety- and depressive-like

behaviors. Biochemical analyses further confirmed the model through

Figure 5: Histopathological changes in the ethanol withdrawal mice compared the control mice. (a) Control group, (b) disease control group, (c) standard
group, (d) treatment group (0.5X10° colony-forming unit [CFU]), and (e) treatment group (1x10” CFU)
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significantly reduced brain GABA concentrations together with
increased MDA, TNF-a(, IL-1, and IL-6 levels, reflecting oxidative
stress and neuroinflammation. Histopathological examination
revealed marked hippocampal neuronal degeneration, vacuolization,
and disruption of normal neuronal architecture. Collectively, these
findings confirm the successful induction of ethanol withdrawal-

associated neurobehavioral dysfunction. [415]

It is important to recognize that chronic ethanol withdrawal produces
a spectrum of emotional disturbances encompassing both anxiety-
like and depressive-like behaviors, which share common underlying
mechanisms, including impaired GABAergic neurotransmission,
oxidative stress, neuroinflammation, and hippocampal dysfunction.
Consequently, several behavioral paradigms employed in the present
study assess overlapping behavioral domains. The OFT, EPM, and light/
dark box test primarily evaluate anxiety-related behavior by measuring
exploratory activity and aversion to anxiogenic environments,
whereas the SPT assesses anhedonia, a core symptom of depression,
and the TST measures behavioral despair, a widely accepted indicator
of depressive-like behavior. Integration of these complementary
behavioral paradigms with biochemical and histopathological analyses
provides a comprehensive assessment of ethanol withdrawal-induced
neurobehavioral dysfunction and strengthens the interpretation of the

antidepressant-like activity of LS.

LcS supplementation significantly improved behavioral performance,
with the higher dose (1 X 10° CFU) producing greater effects than
the lower dose. These findings are consistent with previous reports
demonstrating beneficial effects of Lactobacillus species on stress- and
depression-related behaviors. The present study also demonstrated that
ethanol withdrawal markedly reduced brain GABA concentrations,
whereas LcS treatment partially restored GABA levels. As GABA is the
principal inhibitory neurotransmitter regulating emotional behavior,
partial restoration of GABAergic signaling may have contributed to the
observed behavioral improvements. Previous studies have suggested
that probiotics can influence neurotransmitter metabolism through
microbial, neural, endocrine, and immune-mediated pathways, although

these mechanisms were not directly investigated in the present study.!'”

Oxidative stress represents another major consequence of chronic
cthanol exposure. The marked elevation in brain MDA levels observed
in ethanol-withdrawn mice indicated enhanced lipid peroxidation,
whereas LcS treatment significantly reduced MDA concentrations,
suggesting attenuation of oxidative damage. Similarly, ethanol
withdrawal significantly increased brain TNF-0, IL-1 {3, and IL-6 levels,
while LcS treatment significantly reduced these proinflammatory
cytokines, although their concentrations were not completely
normalized. These findings indicate that LcS attenuated, but did not
fully reverse, ethanol-induced oxidative stress and neuroinflammation,
consistent with previous reports describing the antioxidant and

immunomodulatory properties of probiotic supplementation.

Histopathological examination further supported the neuroprotective
effects of LcS. Ethanol withdrawal produced neuronal degeneration,
vacuolization, and disruption of hippocampal architecture, whereas

probiotic treatment preserved neuronal morphology and improved

hippocampal integrity in a dose-dependent manner. These morphological
improvements are consistent with the observed behavioral and biochemical
changes and suggest that attenuation of oxidative stress and inflammatory

injury contributed to preservation of hippocampal structure."*'”

Overall, the progressive ethanol exposure protocol followed by a
defined withdrawal period effectively reproduced neurobehavioral
alterations associated with chronic alcohol abuse. The significant
behavioral impairments, reduced GABA levels, elevated oxidative
stress and inflammatory markers, together with hippocampal neuronal
damage observed in the disease control group, validate the reliability
of the experimental model and support its suitability for evaluating
psychobiotic interventions. LcS demonstrated antidepressant-like activity
by improving behavioral outcomes, partially restoring GABAergic
neurotransmission, reducing oxidative stress and neuroinflammation,
and preserving hippocampal architecture. Although these findings are
consistent with a potential role of the microbiota—gut—brain axis, this
mechanism was not directly examined in the present study and therefore
requires further mechanistic investigation. Additional preclinical and
clinical studies are warranted to establish the therapeutic potential of

LcS for alcohol withdrawal-associated depression.

Conclusion

The present study concludes that LcS significantly attenuates ethanol
withdrawal-induced depressive-like behavior and neurobiological
alterations in mice. LcS restored GABA levels, reduced oxidative
stress and neuroinflammation, and protected hippocampal neurons.
These findings suggest that LcS is a promising psychobiotic for the
management of alcohol-related depression and warrants further

clinical investigation.

Acknowledgments

The authors would like to thank the management of Dr. Rajendra
Gode Institute of Pharmacy, Amravati, for their administrative
support, continuous encouragement, and for providing the necessary
facilities to conduct this study.

References

1. Wu C, Mu Q, Gao W, Lu S. The characteristics of anhedonia in depression:
A review from a clinically oriented perspective. Transl Psychiatry 2025;15:90.

2. Chan AC. Safety concerns, mechanistic pathways, and knowledge gaps in the
clinical use of selective serotonin reuptake inhibitors. Cureus 2026;18:¢100719.

3. Mashayekhi-Sardoo H, Razazpour F, Hakemi Z, Hedayati-Moghadam M,
BaghcheghiY. Ethanol-induced depression: Exploring the underlying molecular
mechanisms. Cell Mol Neurobiol 2025;45:49.

4. Zhu Z, Cheng, Liu X, Xu X, Ding W, Ling Z, et al. The microbiota-gut-brain
axis in depression: Unraveling the relationships and therapeutic opportunities.
Front Immunol 2025;16:1644160.

5. Padilla-Raygoza N, Monroy-Torres R, Lopez-Guzman O, Rodriguez-Aguilar
YV. Lactobacillus casei shirota and inflammatory biomarkers: A literature review.
Biomed Pharmacol ] 2025;18:2585-98.

6. Drziedzic A, Maciak K, BliZniewska-Kowalska K, Galecka M, Kobierecka W,
Saluk J. The power of psychobiotics in depression: A modern approach through
the microbiota-gut-brain axis: A literature review. Nutrients 2024;16:1054.

Innovations in Pharmaceuticals and Pharmacotherapy | Jul-Sep 2026 | Vol 14 | Issue 3.




Tarale et al.

Lactobacillus casei shirota in ethanol-induced depression

Pan X, Guo A, Guan K, Chen C, Xu S, Tang, et al. Lactobacillus rhamnosus GG
attenuates depression-like behaviour and cognitive deficits in chronic ethanol
exposure mice by down-regulating systemic inflammatory factors. Addict Biol
2024;29:e13445.

Liu MY, Yin CY, Zhu L], Zhu XH, Xu C, Luo CX, et al. Sucrose preference
test for measurement of stress-induced anhedonia in mice. Nat Protoc
2018;13:1686-98.

Fraga-Junior EB, Fernandes IL, Rohden CA, Doneda DL, Ynoue HN, Rios-
Santos F, et al. Attenuation of the levels of pro-inflammatory cytokines prevents
depressive-like behavior during ethanol withdrawal in mice. Brain Res Bull
2022;191:9-19.

Fathi D, Abulsoud Al, Saad MA, Nassar NN, Maksimos MM, Rizk SM,
et al. Agomelatine attenuates alcohol craving and withdrawal symptoms by
modulating the Notch1 signaling pathway in rats. Life Sci 2021;284:119904.
Chen WY, Chen H, Hamada K, Gatta E, ChenY, Zhang H, et al. Transcriptomics
identifies STAT3 as a key regulator of hippocampal gene expression and
anhedonia during withdrawal from chronic alcohol exposure. Transl Psychiatry
2021;11:298.

Yang Y, Zhao S, Yang X, Li W, Si ], Yang X. The antidepressant potential of

lactobacillus casei in the postpartum depression rat model mediated by the

13.

15.

17.

microbiota-gut-brain axis. Neurosci Lett 2022;774:136474.

Suda K, Matsuda K. How microbes affect depression: Underlying mechanisms
via the gut-brain axis and the modulating role of probiotics. Int ] Mol Sci
2022;23:1172.

Otaka M, Kikuchi-Hayakawa H, Ogura ], Ishikawa H, Yomogida Y, Ota M,
et al. Effect of Lacticaseibacillus paracasei strain Shirota on improvement in
depressive symptoms, and its association with abundance of actinobacteria in
gut microbiota. Microorganisms 2021;9:1026.

Zhang X, Chen S, Zhang M, Ren F, RenY, LiY, et al. Effects of fermented milk
containing Lacticaseibacillus paracasei strain shirota on constipation in patients
with depression: A randomized, double-blind, placebo-controlled trial.
Nutrients 2021;13:2238.

Zhao L, Li D, Chitrakar B, Li C, Zhang N, Zhang S, et al. Study on
Lactiplantibacillus plantarum R6-3 from Sayram Ketteki to prevent chronic
unpredictable mild stress-induced depression in mice through the microbiota-
gut-brain axis. Food Funct 2023;14:3304-18.

Ye M, Ji F, Huang C, Li F, Zhang C, Zhang, et al. A novel probiotic formula,
BLLL, ameliorates chronic stress-induced depression-like behaviors in mice

by reducing neuroinflammation and increasing neurotrophic factors. Front

Pharmacol 2024;15:1398292.

.Innovations in Pharmaceuticals and Pharmacotherapy | Jul-Sep 2026 | Vol 14 | Issue 3




