
Advances in Animal and Veterinary Sciences

December 2026 | Volume 14 | Issue 12 | Page 2763

INTRODUCTION

Alcohol consumption remains a major global public 
health problem and contributes substantially to 

morbidity and mortality worldwide (WHO, 2024). Alcohol 
use disorder is characterized by a problematic pattern of 
alcohol consumption associated with impaired control and 
continued use despite adverse consequences. Persistent 
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excessive alcohol intake is an important risk factor for the 
development and progression of alcoholic liver disease 
(ALD) (Ramkissoon and Shah, 2022). ALD encompasses 
a spectrum of hepatic abnormalities ranging from steatosis 
and alcoholic hepatitis to fibrosis, alcohol-associated 
cirrhosis, and hepatocellular carcinoma (Ventura-Cots et 
al., 2019; Ramkissoon and Shah, 2022). Hepatic steatosis 
is one of the earliest pathological manifestations of chronic 
alcohol exposure and is closely related to disturbances in 
hepatic lipid metabolism. Ethanol metabolism generates 
acetaldehyde and reactive oxygen species, while alterations 
in the ratio of reduced to oxidized nicotinamide adenine 
dinucleotide (NADH/NAD⁺), fatty acid oxidation, and 
lipogenic pathways further promote lipid accumulation in 
hepatocytes ( Jeon and Carr, 2020; Hyun et al., 2021).

In addition to its direct effects on the liver, chronic alcohol 
exposure can alter intestinal homeostasis and contribute 
to gut-liver axis dysfunction. Increased intestinal 
permeability facilitates the translocation of bacterial 
products, including lipopolysaccharide, into the portal 
circulation, thereby promoting hepatic inflammatory 
responses (Guan et al., 2022). Alcohol exposure may also 
affect intestinal epithelial cell populations, including goblet 
cells, which produce mucins that constitute an important 
component of the intestinal mucus barrier. Alterations 
in goblet cell number and mucin production may occur 
in response to epithelial injury and disruption of the gut 
microenvironment, potentially influencing mucus barrier 
integrity and gut–liver interactions (Birchenough et al., 
2015; Li et al., 2022). Therefore, assessment of hepatic 
steatosis and intestinal goblet cell proportion may provide 
complementary histopathological information on alcohol-
associated hepatic and intestinal alterations.

Current therapeutic options for ALD remain limited 
and depend on disease severity and clinical presentation 
(Tadokoro et al., 2023). Corticosteroids are used in selected 
patients with severe alcoholic hepatitis, although their 
clinical application may be limited by adverse effects and 
contraindications (Zulfatim et al., 2025). Gabapentin is 
commonly used in alcohol-related disorders, particularly 
for the management of alcohol withdrawal symptoms 
(Levine et al., 2019). In addition to its neurological effects, 
experimental evidence has suggested that gabapentin may 
exert anti-inflammatory activity (d’Arqom et al., 2026). 
In an experimental model of intestinal inflammation, 
gabapentin reduced histological injury and inflammatory 
responses through mechanisms involving peroxisome 
proliferator-activated receptor gamma (PPAR-γ) 
signaling (de Brito et al., 2020). However, the short-term 
histopathological effects of gabapentin on both hepatic 
and intestinal abnormalities after alcohol exposure remain 
insufficiently characterized.

Zebrafish (Danio rerio) are increasingly used as 
experimental models in biomedical and liver research 
because of their conserved metabolic and inflammatory 
pathways, practical advantages, and suitability for 
pharmacological studies (Teame et al., 2019; Zanandrea 
et al., 2020). Alcohol exposure in zebrafish can reproduce 
hepatic abnormalities relevant to ALD, while intestinal 
alterations also make this model useful for studying 
liver-intestinal interactions (Zanandrea et al., 2020; 
Zheng et al., 2023). The present study therefore aimed to 
evaluate the effects of seven-day gabapentin treatment on 
hepatic steatosis and intestinal goblet cell proportion at 
a single endpoint in an alcohol-exposed zebrafish model. 
In addition, differences across increasing gabapentin 
concentrations were examined to determine whether the 
hepatic and intestinal histopathological outcomes showed 
a dose-related pattern.

MATERIALS AND METHODS

Study design
This study was a randomized controlled laboratory 
experiment evaluating the effects of seven-day gabapentin 
treatment on hepatic and intestinal histopathology in a 
zebrafish model of alcoholic liver disease. The experiment 
was conducted at Department of Anatomy, Histology, and 
Pharmacology, Faculty of Medicine, Universitas Airlangga, 
Surabaya, Indonesia. All experimental procedures were 
approved by the Ethical Committee, Faculty of Medicine, 
Universitas Airlangga (No. 212/EC/KEPK/FKUA/2025, 
4 August 2025). Wild-type zebrafish (Danio rerio) were 
obtained from a local commercial distributor and species 
identification was verified by the Faculty of Fisheries 
and Marine, Universitas Airlangga (No. 008/UP-FISH/
UA.FPK/08/2025). The present analysis focused on 
histopathological outcomes, hepatic steatosis and goblet 
cell proportion, assessed seven days after completion of the 
ethanol exposure period.

Animal model and treatment
Adult male and female zebrafish aged 3–4 months were 
maintained at a density of eight fish/L under a 14:10-h 
light–dark cycle at 26–28°C (Aleström et al., 2020). Fish 
were fed Tetrabits Complete (Tetra, Melle, Germany) 
twice daily (Darniwa et al., 2024). A total of 48 adult 
zebrafish were randomly allocated into six experimental 
groups. One group was maintained without ethanol 
exposure or pharmacological treatment and served as the 
normal control. The remaining five groups were exposed to 
0.5% ethanol (Merck, Darmstadt, Germany) for 28 days 
to induce alcoholic liver disease (Schneider et al., 2017). 
The 0.5% ethanol exposure solution was renewed daily 
throughout the 28-day induction period. The actual ethanol 
concentration in the exposure water was not analytically 
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verified during the induction period. Following 28 days of 
ethanol exposure, ethanol administration was discontinued 
and the fish underwent a seven-day treatment period. 
One group received no pharmacological treatment and 
served as the untreated ALD group, while one group 
received prednisone (Sigma-Aldrich, MO, USA) at 5 
mg/L. The remaining three groups received gabapentin 
(Xi’an Faithfull Biological Technology, Shaanxi, China) by 
immersion at concentrations of 150, 200, and 300 mg/L, 
respectively. The gabapentin immersion concentrations of 
150, 200, and 300 mg/L were selected using an exploratory 
conversion approach based on human daily dose levels of 
900, 1,200, and 1,800 mg/day, respectively (Dai et al., 2024). 
The corresponding experimental groups were designated 
G900, G1200, and G1800. These concentrations were 
used to establish exploratory treatment levels and should 
not be interpreted as pharmacokinetically equivalent to 
human oral doses. Treatment solutions were renewed 
daily throughout the seven-day intervention period. The 
minimum sample size was determined using the Federer 
approach, resulting in four zebrafish per group. Eight 
fish were initially allocated to each group to account 
for potential mortality. At the day-35 endpoint, four 
surviving zebrafish per group were randomly selected for 
histopathological analysis (n= 24 total). Histopathological 
processing was limited to the predefined minimum sample 
size because of available research resources.

Histopathological analysis
Four fish were randomly selected from each experimental 
group on day 35 and euthanized using an ice bath. The liver 
and gastrointestinal tract were dissected and fixed in 10% 
neutral-buffered formalin for 24–48 h. Fixed tissues were 
processed using standard paraffin histology procedures, 
including dehydration through graded ethanol, clearing in 
xylene, paraffin infiltration and embedding, and sectioning 
at 5 µm using a rotary microtome. Sections were mounted 
on glass slides, deparaffinized, rehydrated, and stained with 
hematoxylin and eosin (H and E) for histopathological 
analysis, following established histological procedures (Lin 
et al., 2015). Histopathological analysis was independently 
performed by two observers who were blinded to the 
experimental group allocation. For each tissue sample, five 
microscopic fields were evaluated using a 40× objective lens 
and a 10× eyepiece, corresponding to a total magnification 
of 400×. Measurements from the five microscopic fields 
were averaged for each observer. Measurements were 
independently recorded by two blinded observers. Any 
discrepancies were reviewed and resolved by consensus, 
and the values from both observers were averaged to 
obtain a single final value for each fish. Hepatic steatosis 
was assessed by counting steatotic and normal hepatocytes, 
and the proportion of steatotic hepatocytes was expressed 
as a percentage of the total hepatocytes evaluated (Lin et 

al., 2015; Schneider et al., 2017). Steatotic changes were 
identified based on the presence of microvesicular or 
macrovesicular cytoplasmic vacuolation, with hepatocellular 
ballooning and peripheral displacement of the nucleus in 
affected hepatocytes (Thakur et al., 2011). Both patterns 
were included in the overall quantification of hepatic 
steatosis and were not analyzed separately as distinct 
subtypes. As the zebrafish intestinal mucosa is organized 
into irregular folds rather than true mammalian-type villi 
and lacks intestinal crypts, conventional measurements 
such as villus height and crypt depth were not applicable. 
Therefore, intestinal analysis focused on the proportion of 
goblet cells within the epithelial lining (Flores et al., 2020). 
Goblet cells and absorptive epithelial cells were counted in 
five microscopic fields. Goblet cells were identified by their 
abundant mucin-containing cytoplasm and peripherally 
displaced nuclei. The goblet cell proportion was calculated 
as the number of goblet cells divided by the total number 
of epithelial cells evaluated and expressed as a percentage. 
Increased goblet cell abundance has been described as a 
histopathological alteration in the zebrafish intestine 
(Borges et al., 2019). 

Statistical analysis
Data are presented as mean ± standard deviation (SD). 
Differences among the six experimental groups seven 
days after completion of ethanol exposure were analyzed 
using one-way analysis of variance (ANOVA), followed 
by Bonferroni post hoc testing for multiple comparisons. 
Simple linear regression using individual fish data was 
used to assess the relationship between hepatic steatosis 
and intestinal goblet cell proportion across all experimental 
groups. Separate linear regression analyses were performed 
using individual fish data from the untreated ALD control 
group and the three gabapentin-treated groups (150, 200, 
and 300 mg/L; n = 16) to evaluate the association between 
gabapentin concentration and hepatic steatosis or intestinal 
goblet cell proportion. The coefficient of determination 
(R²) and p-values were reported. A p value < 0.05 was 
considered statistically significant. Statistical analyses were 
performed using GraphPad Prism version 5.0.

RESULTS

Survival rate and gross examination
Survival during the 28-day exposure period varied across 
groups, with no additional mortality during the subsequent 
seven-day treatment period. Four surviving zebrafish per 
group were randomly selected for histopathological analysis 
(n= 4/group). Animal numbers at each experimental 
stage are summarized in Table 1. The specific causes of 
mortality were not determined, and no consistent external 
macroscopic abnormalities were observed among the 
experimental groups. Representative gross appearances of 
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zebrafish from each group are shown in Figure 1.

Table 1: Number of zebrafish at each experimental stage 
and final histopathological analysis.
Group D-0

N (%)
D-28
N (%)

D-35
N(%)

Histopa-
thology (n)

Normal control 8 (100%) 7 (87.5%) 7 (87.5%) 4
Untreated ALD 8 (100%) 6 (75%) 6 (75%) 4
Prednisone 8 (100%) 5 (62.5%) 5 (62.5%) 4
G900 8 (100%) 7 (87.5%) 7 (87.5%) 4
G1200 8 (100%) 6 (75%) 6 (75%) 4
G1800 8 (100%) 6 (75%) 6 (75%) 4

Note: Survival percentages at D28 and D35 were calculated 
based on the initial number of eight zebrafish per group (n = 
8). Four surviving zebrafish from each group were randomly 
selected for histopathological analysis at D35.

Effects of seven-day gabapentin treatment on 
hepatic steatosis
Seven days after completion of ethanol exposure, marked 
hepatic steatosis was observed in the untreated ALD group 
(67.66 ± 1.48%), whereas the normal control group showed 
minimal steatotic changes (6.25 ± 0.85%). Prednisone 
treatment significantly reduced hepatic steatosis to 30.24 

± 4.67% compared with the untreated ALD group (p < 
0.001). Similarly, all gabapentin-treated groups showed 
significantly lower hepatic steatosis, with values of 35.63 
± 1.50%, 33.19 ± 2.98%, and 31.26 ± 3.66% in the G900, 
G1200, and G1800 groups, respectively (p < 0.001 vs. 
untreated ALD group). A graded reduction in hepatic 
steatosis was observed across increasing gabapentin 
concentrations. No statistically significant differences in 
hepatic steatosis were observed between the gabapentin-
treated groups and the prednisone-treated group. 
Representative histopathological findings are shown in 
Figure 2 and Table 2.

Table 2: Hepatic steatosis and intestinal goblet cell 
proportion after seven days of treatment.
Group Hepatic 

steatosis (%)
Intestinal goblet cells 
proportion (%)

Normal control 6.25 ± 0.85 5.49 ± 0.30
ALD control 67.66 ± 1.48 64.57 ± 3.14
Prednisone 30.24 ± 4.67ᵃ 27.25 ± 5.49ᵃ
G900 35.63 ± 1.50ᵃ 35.54 ± 1.99ᵃᵇ
G1200 33.19 ± 2.98ᵃ 32.55 ± 3.06ᵃ
G1800 31.26 ± 3.66ᵃ 29.94 ± 2.25ᵃ

Data are presented as mean ± SD (n = 4 zebrafish per group). ᵃ p 
< 0.001 vs. ALD Control. ᵇ p < 0.05 vs. Prednisone.

Figure 1: Representative gross appearance of zebrafish after seven days of treatment following chronic ethanol exposure. 
Normal Control: normal group without ethanol exposure or pharmacological treatment; ALD Control: ethanol-exposed 
group without pharmacological treatment; Prednisone: ethanol-exposed group treated with prednisone; G900, G1200, 
and G1800: ethanol-exposed groups treated with gabapentin at immersion concentrations of 150, 200, and 300 mg/L, 
respectively. No consistent or clearly distinguishable external macroscopic abnormalities were observed among the 
experimental groups.
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Figure 2: Representative liver histopathology after seven days of treatment following chronic ethanol exposure. 
Hematoxylin and eosin (H&E) staining, 400× magnification. Normal Control: normal group without ethanol exposure 
or pharmacological treatment; ALD Control: ethanol-exposed group without pharmacological treatment; Prednisone: 
ethanol-exposed group treated with prednisone; G900, G1200, and G1800: ethanol-exposed groups treated with 
gabapentin at immersion concentrations of 150, 200, and 300 mg/L, respectively. Yellow arrows indicate hepatocytes 
with steatotic changes, whereas red arrows indicate normal hepatocytes. Data are representative of four zebrafish per 
group.

Effects of seven-day gabapentin treatment on 
intestinal goblet cell proportion
Seven days after completion of ethanol exposure, the 
untreated ALD group showed a markedly increased 
intestinal goblet cell proportion (64.57 ± 3.14%) compared 
with the normal control group (5.49 ± 0.30%). Prednisone 
treatment significantly reduced the goblet cell proportion 
to 27.25 ± 5.49% (p < 0.001 vs. untreated ALD group). 
Gabapentin treatment was also associated with significantly 
lower goblet cell proportions, with values of 35.54 ± 1.99%, 
32.55 ± 3.06%, and 29.94 ± 2.25% in the G900, G1200, 
and G1800 groups, respectively (p < 0.001 vs. untreated 
ALD group). A graded reduction in goblet cell proportion 
was observed across increasing gabapentin concentrations. 
The G900 group showed a significantly higher goblet cell 
proportion than the prednisone-treated group (p < 0.05), 
whereas no significant differences were observed between 
the G1200 and G1800 groups and the prednisone-treated 
group. Representative intestinal histopathology is shown 

in Figure 3 and Table 2. 

Relationship between hepatic steatosis, 
intestinal goblet cell proportion, and 
gabapentin dose
At the day-35 endpoint, simple linear regression using 
individual fish data from all six experimental groups (n = 
24) demonstrated a strong positive association between 
hepatic steatosis and intestinal goblet cell proportion (R²= 
0.97, p < 0.001; Figure 4A). Using individual fish data 
from the untreated ALD control group and the three 
gabapentin-treated groups (n = 16), increasing gabapentin 
concentration was associated with a significant inverse 
linear trend in hepatic steatosis (R² = 0.81, p < 0.001; 
Figure 4B) and intestinal goblet cell proportion (R² = 0.84, 
p < 0.001; Figure 4C). These findings indicate that higher 
gabapentin immersion concentrations were associated 
with lower hepatic steatosis and intestinal goblet cell 
proportions at the seven-day treatment endpoint.
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Figure 3: Representative intestinal histopathology after seven days of treatment following chronic ethanol exposure. 
Hematoxylin and eosin (H&E) staining, 400× magnification. Normal Control: normal group without ethanol exposure 
or pharmacological treatment; ALD Control: ethanol-exposed group without pharmacological treatment; Prednisone: 
ethanol-exposed group treated with prednisone; G900, G1200, and G1800: ethanol-exposed groups treated with 
gabapentin at immersion concentrations of 150, 200, and 300 mg/L, respectively. Yellow arrows indicate goblet cells, 
whereas red arrows indicate absorptive epithelial cells. Data are representative of four zebrafish per group.

Figure 4: Linear relationships among gabapentin immersion concentration, hepatic steatosis, and intestinal goblet 
cell proportion at the day-35 endpoint. (A) Linear relationship between hepatic steatosis and intestinal goblet cell 
proportion. (B) Linear relationship between gabapentin immersion concentration and hepatic steatosis. (C) Linear 
relationship between gabapentin immersion concentration and intestinal goblet cell proportion. Gabapentin groups 
were designated G900, G1200, and G1800 based on human clinical dose categories of 900, 1,200, and 1,800 mg/day, 
corresponding to experimental immersion concentrations of 150, 200, and 300 mg/L, respectively. Higher gabapentin 
immersion concentrations were associated with lower hepatic steatosis and intestinal goblet cell proportions.

DISCUSSION

The present study demonstrated that seven-day gabapentin 
treatment was associated with lower hepatic steatosis and 
intestinal goblet cell proportion following chronic ethanol 

exposure. Both outcomes showed a graded pattern across 
increasing gabapentin concentrations, while hepatic 
steatosis was positively associated with intestinal goblet 
cell proportion. These findings suggest that the short-
term gabapentin treatment is associated with concurrent 
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hepatic and intestinal histopathological changes in this 
experimental model.

Hepatic steatosis is an early and characteristic feature of 
alcohol-associated liver injury. Previous studies in adult 
zebrafish have shown that chronic ethanol exposure 
induces hepatic lipid accumulation and liver injury through 
disturbances in lipid metabolism, including increased 
lipogenesis and impaired fatty acid oxidation (Park and 
Kim, 2019; You and Arteel, 2019). Consistent with these 
findings, marked steatosis remained evident in untreated 
ALD zebrafish after the seven-day post-ethanol period, 
whereas substantially lower steatosis values were observed 
in all gabapentin-treated groups. This difference suggests 
that the histopathological state of the liver after seven days 
was more favorable in fish receiving gabapentin than in 
untreated ALD controls. 

An additional finding was the graded reduction in hepatic 
steatosis across increasing gabapentin concentrations. 
Steatosis decreased from 35.63 ± 1.50% in G900 to 33.19 
± 2.98% in G1200 and 31.26 ± 3.66% in G1800, whereas 
the untreated ALD group showed substantially higher 
steatosis. The inverse association between gabapentin 
treatment level and hepatic steatosis further supports a 
dose-related pattern. However, this relationship should 
be interpreted cautiously. The present study assessed 
histopathological outcomes rather than direct molecular 
or biochemical markers of lipid metabolism, and therefore 
the observed decrease in steatosis cannot be attributed 
to a specific metabolic pathway. Although modulation of 
PPAR-related signaling and inflammatory pathways has 
been proposed as biologically relevant in alcohol-associated 
liver injury, these mechanisms were not directly measured 
in the present experiment. Thus, the current findings 
support a dose-related histopathological association rather 
than a definitive mechanism of action.

The intestinal findings were also consistent with previous 
reports showing that chronic alcohol exposure can 
disrupt intestinal epithelial homeostasis and alter mucus-
associated responses (Birchenough et al., 2015; Li et al., 
2022). In the present study, the intestinal goblet cell 
proportion remained marked in untreated ALD zebrafish, 
whereas the prednisone- and gabapentin-treated groups 
showed substantially lower goblet cell proportion after 
seven days of treatment. This pattern suggests that the 
histopathological differences associated with short-term 
treatment were not confined to hepatic tissue but were also 
observed in the intestinal epithelium.

Similar to hepatic steatosis, intestinal goblet cell proportion 
showed a graded pattern across increasing gabapentin 
treatment levels. Values declined from 35.54 ± 1.99% in 

G900 to 32.55 ± 3.06% in G1200 and 29.94 ± 2.25% 
in G1800. The inverse association between gabapentin 
treatment level and goblet cell proportion further 
supports a dose-related intestinal response. Nevertheless, 
lower goblet cell proportion should not automatically 
be interpreted as direct evidence of restored intestinal 
barrier function. Intestinal permeability, mucus thickness, 
mucin expression, bacterial translocation, and microbiome 
composition were not evaluated in this study. Therefore, the 
present findings are best interpreted as histopathological 
evidence of differences in intestinal epithelial status rather 
than functional proof of barrier restoration.

The strong positive association between hepatic steatosis 
and intestinal goblet cell proportion represents an 
important finding of this study. Hepatic steatosis was 
closely associated with intestinal goblet cell proportion 
(R²= 0.97, p < 0.001), indicating that higher hepatic 
steatosis values tended to occur alongside higher intestinal 
goblet cell proportions. This parallel pattern is consistent 
with the concept that alcohol-associated injury involves 
interconnected hepatic and intestinal responses. The gut-
liver axis provides a biologically plausible framework 
for this association because intestinal disturbances can 
influence hepatic inflammation through portal delivery 
of microbial products, while liver-derived inflammatory 
signals may also influence intestinal homeostasis (Hammer 
et al., 2015; Hartmann et al., 2015). However, the present 
association is cross-sectional and does not establish the 
direction of interaction or prove a causal gut-to-liver 
mechanism. The observed relationship should therefore be 
interpreted as evidence of coordinated histopathological 
involvement rather than mechanistic confirmation of gut–
liver signaling.

Gabapentin is primarily recognized for its neurological 
indications, including its use in alcohol-related disorders, 
but experimental evidence also suggests potential anti-
inflammatory effects. In an experimental model of intestinal 
inflammation, gabapentin reduced histological injury and 
inflammatory responses through mechanisms involving 
PPAR-γ signaling (de Brito et al., 2020). Such findings 
provide a possible biological context for the lower hepatic 
and intestinal histopathological abnormalities observed 
in the present study. Nevertheless, the current experiment 
did not measure PPAR signaling, inflammatory cytokines, 
oxidative stress markers, or calcium-dependent inflammatory 
pathways. Consequently, the present data cannot determine 
whether the observed histopathological differences resulted 
from anti-inflammatory activity, altered lipid metabolism, 
effects on epithelial homeostasis, or a combination of these 
mechanisms. Further mechanistic studies are required to 
establish how gabapentin influences hepatic and intestinal 
responses following chronic ethanol exposure.
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Comparison with prednisone provides an additional 
experimental reference for interpreting the magnitude 
of the observed effects. At the seven-day endpoint, 
hepatic steatosis and goblet cell proportions in the 
highest gabapentin concentration approached the values 
observed in the prednisone-treated group. The similarity 
in histopathological values is noteworthy because 
corticosteroids remain an established treatment option for 
selected patients with severe alcohol-associated hepatitis 
( Jophlin et al., 2024). However, this study was not designed 
to establish therapeutic equivalence, non-inferiority, 
or clinical interchangeability between gabapentin and 
prednisone. The sample size was limited, the intervention 
period was short, and the study was conducted in zebrafish 
rather than patients with clinically defined alcoholic 
hepatitis. Therefore, the comparison with prednisone 
should be regarded as an experimental benchmark rather 
than evidence that gabapentin can replace corticosteroid 
therapy.

The seven-day treatment period also provides a distinct 
perspective on the early histopathological effects of 
gabapentin. Rather than evaluating long-term structural 
recovery, this study focused on whether measurable 
differences in hepatic and intestinal pathology could be 
detected after a relatively brief intervention. The persistence 
of marked steatosis and goblet cell proportion in untreated 
ALD fish at the same endpoint suggests that spontaneous 
improvement during this period was limited relative to 
that observed in the treated groups. At the same time, 
because only one post-treatment endpoint was analyzed, 
the exact onset and trajectory of these differences cannot 
be determined. The present findings therefore characterize 
the histopathological status after seven days of treatment 
but do not establish when treatment-related changes first 
emerged or whether further improvement would occur 
with longer administration.

This study has several limitations. First, histopathological 
assessment was restricted to a single endpoint following 
seven days of treatment and therefore does not establish 
the temporal trajectory of hepatic or intestinal responses. 
Second, the sample size was limited to four zebrafish per 
group, which may restrict the precision and generalizability 
of the observed effects. The survival rate of 87.5% in 
the normal control group resulted from the death of 
a single fish among eight initially allocated animals. 
Given the small group size, this single mortality event 
substantially influenced the calculated survival percentage. 
The cause of death was not determined. Third, hepatic 
and intestinal outcomes were evaluated primarily by H 
and E histopathology without molecular, biochemical, 
or functional confirmation. Measures of hepatic lipid 
metabolism, inflammatory mediators, oxidative stress, 

intestinal permeability, mucus production, and epithelial 
barrier function were not included. Fourth, although 
the correlation between hepatic steatosis and goblet 
cell proportion was strong, the cross-sectional nature of 
the analysis prevents causal interpretation. In addition, 
sex distribution was not systematically recorded across 
experimental groups and was not included as a factor in 
the analysis. Therefore, potential sex-related differences in 
the hepatic and intestinal responses could not be evaluated. 
Although histopathological assessments were performed 
independently by two blinded observers, inter-observer 
reliability was not formally quantified using a statistical 
reliability measure. Finally, the gabapentin immersion 
concentrations used in zebrafish cannot be directly 
extrapolated to clinically relevant human dosing. Further 
studies incorporating larger sample sizes, additional 
treatment durations, and molecular, biochemical, 
and functional assessments are required to clarify the 
mechanisms, dose-response characteristics, and durability 
of the observed effects.

Taken together, seven-day gabapentin treatment was 
associated with significantly lower hepatic steatosis and 
intestinal goblet cell proportion in zebrafish with alcoholic 
liver disease compared with untreated controls. Both 
histopathological outcomes showed a graded pattern 
across increasing gabapentin doses, with the highest 
dose producing values approaching those observed in the 
prednisone-treated group. These findings suggest that 
short-term gabapentin treatment may beneficially affect 
both hepatic and intestinal histopathological alterations 
in this experimental model. Further studies incorporating 
molecular, biochemical, and functional assessments 
are required to clarify the underlying mechanisms and 
determine whether these effects are sustained over longer 
treatment periods.

CONCLUSIONS

Seven-day gabapentin treatment was associated with 
significantly lower hepatic steatosis and intestinal 
goblet cell proportion in zebrafish following chronic 
ethanol exposure. Both histopathological outcomes 
showed a graded reduction across increasing gabapentin 
concentrations. The parallel changes in hepatic steatosis and 
intestinal goblet cell proportion suggest that short-term 
gabapentin treatment is associated with histopathological 
changes in both hepatic and intestinal tissues. However, 
these findings are limited to histopathological outcomes 
at a single post-treatment endpoint. Further studies 
incorporating molecular, biochemical, functional, and 
longer-term assessments are required to clarify the 
underlying mechanisms and durability of the observed 
effects.
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