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e (Changes in the composition of the
intestinal microbiota are related to
the development of alcoholic liver
disease and metabolic-dysfunction
associated steatotic liver disease.

The diversity of the intestinal
microbiota was lower in animals with
MASLD compared to ALD.

The structural pattern of the
intestinal microbiota was significantly
different among the experimental
groups.

Studies are needed to characterize
the composition of the intestinal
microbiota and metabolome to find
new therapeutic strategies.
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ABSTRACT — Background — Alcoholic liver disease (ALD) and metabolic-dys-
function associated steatotic liver disease (MASLD) are common, and gut
microbiota (GM) is involved with both. Here we compared GM compo-
sition in animal models of MASLD and ALD to assess whether there are
specific patterns for each disease. Methods — MASLD model— adult male
Sprague Dawley rats, randomized into two groups: MASLD-control (n=10)
fed a standard diet; MASLD-group (n=10) fed a high-fat-choline-deficient
diet for 16 weeks. ALD model— adult male Wistar rats randomized: ALD-
control (n=8) fed a standard diet and water+0.05% saccharin, ALD groups
fed with sunflower seed and 10% ethanol+0.05% saccharin for 4 or 8 weeks
(ALC4, n=8; ALC8, n=8). ALC4/8 on the last day received alcoholic binge
(5g/kg of ethanol). Afterwards, animals were euthanized, and feces were
collected for GM analysis. Results — Both experimental models induced
typical histopathological features of the diseases. Alpha diversity was lower
in MASLD compared with ALD (p<0.001), and structural pattern was dif-
ferent between them (P<0.001). Bacteroidetes (55.7%), Firmicutes (40.6%),
and Proteobacteria (1.4%) were the most prevalent phyla in all samples,
although differentially abundant among groups. ALC8 had a greater abun-
dance of the phyla Cyanobacteria (5.3%) and Verrucomicrobiota (3.2%) in
relation to the others. Differential abundance analysis identified Lactobacil-
laceae_unclassified, Lachnospiraceae NK4A136_group, and Turicibacter
associated with ALC4 and the Clostridia_UCG_014_ge and Gastranaer-
ophilales_ge genera to ALC8. Conclusion — In this study, we demonstrated
that the structural pattern of the GM differs significantly between MASLD
and ALD models. Studies are needed to characterize the microbiota and
metabolome in both clinical conditions to find new therapeutic strategies.

Keywords — Animal model; alcoholic liver disease; gut microbiota; metabolic-

dysfunction associated steatotic liver disease; liver disease.
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INTRODUCTION

Metabolic-dysfunction associated steatotic liver
disease (MASLD), the current terminology for non-al-
coholic fatty liver disease, and alcoholic liver disease
(ALD) are two major types of chronic liver disease
worldwide"?. Although there are some differences in
hepatotoxicity caused by excess caloric intake versus
heavy alcohol consumption, both share genetic and
epigenetic risk factors, systemic inflammation, and
histopathological findings™?. Moreover, the liver is
a central immune organ that is particularly enriched
in innate immune cells and is constantly exposed to
circulating nutrients and endotoxins derived from the
gut microbiota (GM) that contribute to the progression
and development of both MASLD and ALD®42,

The development of culture-independent metho-
ds, such as 16S rRNA sequencing, has tremendously
improved our ability to identify the different types
of microorganisms associated with various disease
states. Additionally, the performance of transcripto-
mics, metabolomics, and proteomics analysis allo-
ws the identification of its functionality in the host,
promoting the elucidation of certain mechanisms,
and the modulation of its effects on human patho-
physiology"®. Overall, there is currently insufficient

evidence that there is a specific GM signature for
each liver disease. However, it is known that the
composition and diversity of the GM can be influen-
ced by several factors, such as excessive consump-
tion of alcohol, a diet high in fat or sugar, which
can lead to the development of obesity, metabolic
syndrome, and liver injury®’®.

Gut dysbiosis and GM are involved in the de-
velopment and progression of MASLD and ALD pa-
thological processes®”. However, whether dysbiosis
plays a causal role or represents an epiphenomenon
in these disease processes is incompletely elucidated
and requires further investigation. The effects of host
genetics as well as epigenetics, dietary modifications,
and antibiotic use further complicate our understan-
ding but pose exciting challenges and prospects for
the field. Thus, considering the similarities between
MASLD and ALD, the main objective of this study is
to compare the composition of GM in experimental
models of MASLD and ALD.

METHODS
The experimental models of MASLD and ALD that

were used for the development of this study are des-
cribed below (FIGURE 1 A-B).
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FIGURE 1. Experimental Design. (A) MASLD experimental model: MASLD -control group received a standard diet and water ad libitum; the MASLD
-group received a high-fat and choline-deficient diet and water ad libitum during the 16-week experiment. After all the animals were euthanized.
(B) Experimental model of ALD. The ALD-control group received a standard diet and water with 0.05% sodium saccharin ad /libitum for four weeks.
ALC4 and ALC8 groups receive a diet rich in fat from sunflower seeds without sterile husks and alcohol in a 10% ethanol solution plus 0.05%
sodium saccharin. Furthermore, on the last day of the experiment, the animals received an alcoholic binge by gavage at a dose of 5g of ethanol
per kilogram of the animal’s weight. The experiment lasted 4 and 8 weeks, respectively. Legend: Standart diet (black line); High-fat and choline-
deficient diet (blue line); High-fat diet + 10% ethanol solution; + euthanasia (red line). Abbreviations: AG: alcoholic binge by gavage (5g ethanol /
kg); ALC4: alcohol group 4 weeks; ALC8: alcohol group 8 weeks; ALD: alcoholic liver disease; GM: gut microbiota; MASLD: metabolic-dysfunction
associated steatotic liver disease; WG: gavage with water. *Sprague Dawley rats; **Wistar rats.
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Animals and experimental model of metabolic-
dysfunction associated steatotic liver disease

Twenty adults (60 days old) male Sprague Daw-
ley rats weighing 280 - 350g were used. The animals
were kept in groups inside two polypropylene bo-
xes, kept in a controlled temperature environment
(22+2°C) and a 12-hour light/dark cycle. All expe-
rimental procedures were approved by the Ethics
Committee for the Use of Animals (No. 17-0531) in
accordance with international guidelines for animal
welfare and measures were taken to minimize ani-
mal pain and discomfort.

After acclimatization to the environment, the
animals were randomized into two experimental
groups according to their weight, as described in
a previous publication"®. A MASLD-control group
(MASLD-control; n=10) that received the stan-
dard diet (Nuvilab CR-1, Quimtia S.A., Brazil) and
MASLD-group (MASLD; n=10) that received high fat
and choline-deficient (HFCD) diet, for steatohepatitis
induction, consisting of 31.5% total fat, enriched with
54.0% trans fatty acids (Rhoster Ltda., Brazil). Both
groups received water and food ad libitum during
the experiment. All animals were euthanized after 16
weeks of the experiment. The rats were anesthetized
with isoflurane and euthanized by cardiac exsangui-
nation. The feces present in the intestine were collec-
ted aseptically and kept at -80°C until GM analysis. A
portion of the liver tissue was fixed in 10% formalin
for histological analysis. The experimental model is
represented in FIGURE 1A.

Animals and experimental model of alcoholic liver
disease

Twenty-four adult (60 days old) male Wistar rats,
weighing between 260-340 g, were kept under the
same conditions as previously described. All expe-
rimental procedures were approved by the Ethics
Committee for the Use of Animals (No. 2018-0257)
and were conducted in accordance with international
guidelines for the care and use of laboratory animals.

After acclimatization to the environment, the ani-
mals were randomized into three experimental groups
according to their weight, as described in a previous
publication®”. An ALD-control group (ALD-control,
n=8), 4-weeks alcohol group (ALC4; n=8); and 8-we-
eks alcohol group (ALC8; n=8). The trial period was

four and eight weeks for groups ALC4 and ALCS,
respectively. During the four weeks of the experi-
ment, the animals in the ALD-control group received
a standard diet (Nuvilab CR-1, Quimtia S.A., Brazil)
ad [libitum, consisting of 4.5% lipids, 55.0% carbo-
hydrates, 22.0% protein and 18.5% fibers and vitamins
(14 J/g; information provided by the manufacturer).
The addition of 0.05% sodium saccharin was added to
the drinking water of these animals. Additionally, nine
hours before euthanasia, these experimental groups
received the gavage with water. The animals in groups
ALC4 and ALCS received ad libitum a high-fat diet
of sunflower seeds without sterile husk and alcohol
through a 10% ethanol solution (Merck PA, Germany)
together with 0.05% sodium saccharin, with the ob-
jective of increasing the palatability of the alcoholic
solution. Additionally, nine hours before euthanasia,
these experimental groups received an alcoholic bin-
ge by gavage at a dose of 5g of ethanol per kilogram
of the animal's weight. The high-fat diet of sunflo-
wer consisted of 47.3% lipids, 19.9% carbohydrates,
24.0% protein, and 8.8% fibers (25 J/g). All animals
were anesthetized with isoflurane and euthanized by
cardiac exsanguination. The feces present in the intes-
tine were collected aseptically and kept at -80°C until
GM analysis. Part of the liver tissue was fixed in 10%
formalin for histological analysis. The experimental
model is represented in FIGURE 1B.

Histopathological analysis

Samples of liver tissue fixed in formalin were in-
cluded in paraffin and stained with hematoxylin &
eosin (H&E) and picrosirius to identify fibrosis. Histo-
pathological evaluation of the hepatic tissue from the
experimental MASLD model was conducted accor-
ding to the scoring system proposed by Liang et al,
which is a highly reproduceable scoring system and
applicable to the experimental models in rodents"?.
For the experimental ALD model, histopathological
evaluation was conducted using the adapted Kleiner
et al. score"?. Therefore, the evaluation was perfor-
med based on the degrees of severity of steatosis: 0
(occurrence in up to 5% of the tissue), 1 (occurrence
in 6-33% of the tissue), 2 (occurrence in 34-66% of
the tissue) and 3 (between 67 and 100% of the tis-
sue). The evaluations of both experimental models
were conducted by the same experienced patholo-
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gist who was blind to the experimental groups. Fi-
brosis was quantified by morphometric analysis after
picrosirius staining. The slides were photographed
using the Olympus BX51 microscope.

DNA extraction and 16S rRNA sequencing

The bacterial DNA was isolated from the fecal
samples using the QIAamp fast DNA stool mini kit
(Qiagen, USA), following the manufacturer’s instruc-
tions. The hypervariable V4 region from the rRNA
gene was amplified by PCR using the following pri-
mer pair: 515F (5-GTGCCAGCMGCCGCGGTAA-3")
and 806R (5-GGACTACHVGGGTWTCTAAT-3). To
pool different samples in the same reaction, we used
the primer-fusion method and each sample had a
distinct barcode attached on the corresponding PCR
product. The purified products were subjected to
emulsion PCR using Ion PGM™ Hi-Q™ view OT2 kit
(Thermo Fisher Scientific, USA). After, the resulting
enriched beads were sequenced in a next-generation
sequencing machine using Ion PGM™ Hi-Q™ view
sequencing kit (Thermo Fisher Scientific, USA).

Bioinformatics analyses

The sequence data exported from the ITon PGM™
System was processed using a custom pipeline in
Mothur v.1.41.199. Initially, sequences were deple-
ted of barcodes and primers (where no mismatch
was allowed) and then a quality filter was applied
to eliminate low quality reads. Quality control was
conducted by trimming the low-quality reads, those
with incorrect length, those containing an ambiguous
base, or containing homopolymers longer than 8bp.
All potentially chimeric sequences were identified
and removed using VSEARCH™>.

After this initial quality, filtering and trimming
steps, the remaining sequences were clustered into
operational taxonomic units (OTUs) based on a 99%
identity level and were classified against the SILVA
v132 reference database at 97% similarity?. Sequen-
ces that could not be classified (i.e., “unknown”
sequences), as well as sequences identified as eu-
karyotes, mitochondria, and chloroplasts were remo-
ved prior to further analysis. The resulting OTU table
was rarefied to the smallest library size. Subsequent
analyses of the sequence dataset were performed in
R v. 4.0.0 (using vegan, phyloseq, ggplot2, and Mi-
crobiomeAnalystR packages).

LIALY Arg Gastroenterol e 2024, v. 61:623100

Microbial community and statistical analysis

Alpha diversity was assessed using the number
of observed taxa as well as ACE and Shannon index.
For the overall comparison of significant differences
among bacterial communities (i.e., beta diversity),
principal coordinates analysis (PCoA) was perfor-
med. A matrix using the Bray—Curtis dissimilarity
metric was calculated for each pair of samples. To
achieve statistical confidence for the sample grou-
ping observed by PCoA, the ANOSIM multivariate test
was performed on the distance matrix. To compare
additional differences among the microbial commu-
nities, clustering methods based on Bray—Curtis dis-
similarity were performed. The results of hierarchical
clustering were visualized using dendrograms. Venn
dendrogram was generated using InteractiVenn.

To identify differentially abundant taxa at the
phylum, family, and genus level, the linear discri-
minant effect size (LEfSe) method was performed.
The algorithm performs a nonparametric factorial
Kruskal-Wallis sum rank test and linear discriminant
analysis (LDA) to determine statistically significant
different features among taxa and estimates the effect
size of the difference. Differences were considered
significant for a logarithmic LDA score threshold of
+1.5 and a P<0.05.

RESULTS

General characteristics of experimental models
Animals in MASLD model exhibited marked de-
position of body and hepatic fat, activation of mi-
croRNAs, receptors, mediators, and inflammatory
cytokines, along with an increased risk of develo-
ping cardiovascular diseases. On the other hand,
animals in ALD model presented, significant altera-
tions in body composition were demonstrated, su-
ggesting worsening nutritional status, biochemical
changes, and hepatic fat deposition in the ALC4 and
ALC8 groups”1®1V. Regarding the histopathological
evaluation of the liver in the experimental MASLD
model, no hepatic abnormalities were reported in
the liver tissue of the MASLD-control group (FIGURE
2A), whereas the animals in the MASLD-group had
predominantly microvesicular steatosis along with
macrovesicular steatosis of moderate intensity, with
inflammatory activity and a mild degree of fibrosis
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FIGURE 2. Liver histological evaluation. Images depict the MASLD-control group (A) at 20X magnification with H&E staining; the MASLD-group (B)
at 40X magnification with H&E staining; picrosirius staining at 10X magnification in the MASLD-group (C). In the ALD model, hepatic histology is
shown with H&E staining in the ALC4 (D) and ALC8 (E) groups, both at 400X magnification. Additionally, hepatic histology staining with picrosirius is
shown at 40X magnification in group (F) ALC8, with no detectable collagen deposition. Abbreviations: ALC4: alcohol group 4 weeks; ALCS8: alcohol
group 8 weeks; H&E: hematoxylin & eosin; MASLD: metabolic-dysfunction associated steatotic liver disease.

(FIGURE 2B-0O). In the experimental model of ALD,
there were no abnormalities in the liver tissue of ani-
mals in the CONT group, while animals in the ALC4
(FIGURE 2D) and ALC8 (FIGURE 2E) groups showed
micro and macrovesicular steatosis. No deposition of
collagen fibers in the hepatic tissue was observed in
any experimental group through picrosirius staining
(FIGURE 2F).

Gut microbiota diversity and composition

Regarding alpha diversity, the experimental mo-
del of MASLD showed a significant decrease in the
ACE index (P<0.001; FIGURE 3A) and Chaol index
(P=0.049; FIGURE 3B) in relation to the experimental
model of ALD. Animals in the MASLD-group and tho-
se submitted to excessive alcohol consumption for 8
weeks (ALC8) showed a significant decrease in the
Shannon index (P<0.021; FIGURE 3C), in relation to
the other groups. Animals from the ALC4 group and
their respective control group (ALD-control) showed
a significant increase in observed taxa (P=0.001; FI-
GURE 3D), in relation to the others.

To explore the global differences in gut bacterial

communities between groups, a PCoA analysis (FI-
GURE 4A) and dendrogram clustering (FIGURE 4B)
of sample was performed on OTUs-based Bray—Cur-
tis distances. Through this evaluation, we observed
that the structural pattern of the GM of the experi-
mental model of MASLD is clearly distinct from the
experimental model of ALD (ANOSIM, P<0.00D).

Gut microbiota composition

In the evaluation of the Venn diagram (FIGURE
5), we observed that the MASLD-group and the ani-
mals subjected to excessive alcohol consumption for
4 and 8 weeks (ALC4 and ALCS, respectively) sha-
red a total of 26 taxa at the genus level. The ALC4
and ALC8 groups had 14 and 6 exclusive genera,
respectively. Additionally, these groups subjected to
excessive alcohol consumption shared 17 unique ge-
nera of bacteria. We report six genera exclusive to
animals with MASLD, in addition six genera of bac-
teria were shared with the ALC4 group and four with
the ALC8 group. Information on shared and unique
genres among the experimental groups is described
in SUPPLEMENTAL TABLE-1.

Arg Gastroenterol ® 2024. v. 61:623100
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FIGURE 3. Alpha diversity analysis according to different metrics. (A) ACE, (B) Shannon, (C) Observed and, (D) Chao1 richness estimator. Statisti-
cal confidence was accessed using the multivariate Kruskal-Wallis test. Asterisks indicate the P-value < 0.05. The acronym MASLD represents
the NAFLD (non-alcoholic fatty liver disease) information in the image. Abbreviations: ALC4: alcohol group 4 weeks; ALC8: alcohol group 8 weeks;
NAFLD: non-alcoholic fatty liver disease.
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FIGURE 5. Venn diagram showing
unique and shared taxa at the ge-
nus level among the NAFLD, ALC4,
and ALC8 experimental groups. Venn
diagram showing unique and shared
taxa at the genus level among the
NAFLD, ALC4, and ALC8 experimental
groups. The acronym MASLD repre-
sents the NAFLD (non-alcoholic fatty
liver disease) information in the im-
age. Abbreviations: ALC4: alcohol
group 4 weeks; ALC8: alcohol group
8 weeks; NAFLD: non-alcoholic fatty
liver disease.

Arq Gastroenterol ® 2024. v. 61:623100 BZAL]



Perlin CM, Longo L, Thoen RU, Uribe-Cruz C, Alvares-da-Silva MR

Comparison of gut microbiota in alcoholic and metabolic-dysfuncion associated steatotic liver disease in animal models

SUPPLEMENTARY TABLE 1. Description of bacterial genera in the MASLD, ALC4 and ALC8 experimental groups.

MASLD

ALC4

Bacteroides

Romboutsia
Muribaculaceae_ge
uncultured

Oscillospirales_ge
Lachnospiraceae_unclassified
UBA1819
Bacteroidales_unclassified
UCG_005

Alistipes

Sutterella
Oscillospiraceae_unclassified
UCG_009
Clostridiaceae_unclassified
Turicibacter
Limosilactobacillus
NK4A214_group
Muribaculaceae_unclassified
Intestinimonas

Blautia

Lactococcus
Christensenellaceae_R_7_group
Enterobacteriaceae_unclassified
Sellimonas

Akkermansia

Frisingicoccus

Parasutterella
Tannerellaceae_unclassified
Oscillibacter
Erysipelatoclostridiaceae_ge
Colidextribacter
Marvinbryantia
Ruminococcaceae_unclassified
Parabacteroides

Lactobacillus
Gastranaerophilales_ge
Firmicutes_unclassified
Anaerovoracaceae_unclassified
Muribaculum
Clostridia_UCG_014_ge
Lactobacillaceae_unclassified
Tannerellaceae_ge

Lactobacillaceae_unclassified
Muribaculaceae_ge
Lachnospiraceae_NK4A136_group
Bacteroides
Muribaculaceae_unclassified
Lachnospiraceae_unclassified
Romboutsia

Turicibacter
Bacteroidales_unclassified
Clostridia_UCG_014_ge
Monoglobus

Anaeroplasma

uncultured
Clostridia_unclassified
Oscillospirales_ge
Oscillospiraceae_unclassified
Limosilactobacillus
Ruminococcaceae_unclassified
Lactobacillus
Lachnospiraceae_NC2004_group
Ligilactobacillus

Streptococcus

Ruminococcus

Alistipes
Prevotellaceae_unclassified
RF39_ge
Gastranaerophilales_ge
Clostridiaceae_unclassified
Lachnospiraceae_UCG_001
Ruminococcaceae_ge
UCG_003
Christensenellaceae_R_7_group
Muribaculum
Rikenellaceae_RC9_gut_group
Parasutterella

Oscillibacter

Roseburia

Helicobacter
Clostridia_vadinBB60_group_ge
Rikenellaceae_unclassified
Marvinbryantia

Mucispirillum

Anaerostipes
Lachnospiraceae_NK4B4_group
Akkermansia

UCG_005
Lachnospiraceae_UCG_006
Bifidobacterium
Colidextribacter
Lachnospiraceae_ND3007_group
UCG_010_ge

Incertae_Sedis

Sutterella

Shuttleworthia

Frisingicoccus

Intestinimonas

Parabacteroides
Anaerovoracaceae_unclassified
Tannerellaceae_unclassified
uncultured_ge

Peptococcus

Paludicola
Butyricicoccaceae_unclassified

Bacteroides
Clostridia_UCG_014_ge
Muribaculaceae_ge
Lachnospiraceae_unclassified
Gastranaerophilales_ge
Akkermansia
Oscillospiraceae_unclassified
Ruminococcus

Parasutterella
Tannerellaceae_unclassified
Clostridia_unclassified
Muribaculaceae_unclassified
Monoglobus
Limosilactobacillus

UBA1819

Bilophila

Parabacteroides

Sellimonas

Alistipes
Lactobacillaceae_unclassified
Oscillospirales_ge
Clostridia_vadinBB60_group_ge
Rhodospirillales_unclassified
Intestinimonas

Sutterella
Oscillospirales_unclassified
Ruminococcaceae_unclassified
UCG_008
Lachnospiraceae_NK4A136_group
Marvinbryantia

Colidextribacter

uncultured_ge

Lachnospira

Ligilactobacillus

Anaeroplasma

uncultured

Romboutsia

Incertae_Sedis

Blautia

Helicobacter

Paludicola

Streptococcus

Anaerostipes
Lachnospiraceae_ND3007_group
Frisingicoccus

Turicibacter

Mucispirillum

Peptococcus
Erysipelatoclostridiaceae_
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ALC4: alcohol group 4 weeks; ALC8: alcohol group 8 weeks; MASLD: metabolic-dysfunction associated steatotic liver disease.
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Taxonomy-based analysis of bacterial communi-
ties identified 947 bacterial taxa (OTUs), belonging
to 83 genera, 39 families, and 9 phyla. Bacteroide-
tes (55.7%), Firmicutes (40.6%), and Proteobacteria
(1.4%) were the most prevalent phyla in all sam-
ples, additionally, these three phyla were also diffe-
rentially abundant among the experimental groups
(FIGURE 6). The ALC8 group presented a greater
abundance of the phyla Cyanobacteria (5.3%) and
Verrucomicrobiota (3.2%) in relation to the other
groups. Proteobacteria were more abundant in the
ALC4 and ALD-control groups (3.2% in both groups)
compared to the others. Other phyla had less than
1% abundance each.

The most abundant families were Bacteroidaceae
(25.3%), Muribaculaceae (24.5%), Lachnospiraceae
(14.1%), and Lactobacillaceae (6.1%). These four fa-
milies represented 70.0% of all observed taxa. Diffe-
rences in the abundance of bacterial families were
observed between the experimental groups of the
MASLD and ALD models (FIGURE 7). In the expe-
rimental model of MASLD, we observed that the
families of bacteria prevalent in the MASLD-control
group were less prevalent (or absent) compared to
the MASLD-group, while the inverse was also repor-
ted. In the experimental model of alcohol abuse, we
reported a greater abundance of Lactobacillaceae
(26.7%) and Lachnospiraceae (17.0%) in the ALC4

Control NAFLD

Relative Abundance

Phylum

NI SR S D6 A D D
ETEEE E RS E S DD DD DD

. Bacteroidota . Cyanobacteria . Verrucomicrobiota . Campylobacterota
Firmicutes . Proteobacteria . Desulfobacterota

ALC4 ALC8 Control2

Deferribacterota

Actinobacteriota

FIGURE 6. Composition of intestinal microbiota at the phylum level. The acronym MASLD represents the non-alcoholic fatty liver disease (NAFLD)
information in the image. Abbreviations: ALC4: alcohol group 4 weeks; ALC8: alcohol group 8 weeks; NAFLD: non-alcoholic fatty liver disease.
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FIGURE 7. Composition of intestinal microbiota at the family level. The acronym MASLD represents the non-alcoholic fatty liver disease (NAFLD)
information in the image. Abbreviations: ALC4: alcohol group 4 weeks; ALC8: alcohol group 8 weeks; NAFLD: non-alcoholic fatty liver disease.

group, additionally; a greater abundance of Bacte-
roidaceae (44.3%) and Clostridia_UCG (14.0%) was
reported in the group ALC8. The abundance of the
Muribaculaceae family of bacteria was 41.2% in the
ALD-control group, 20.6% in the ALC4 group, and
11.78% in the ALC8 group.

In the analysis of the differential abundance, we
identified four genera associated with the MASLD-
-group and two associated with its MASLD-control
group. This evaluation reported a greater abundance
of Bacteroides. Differential abundance analysis iden-
tified Lactobacillaceae_unclassified, Lachnospira-
ceae_NK4A136_group, and Turicibacter associated
with the ALC4 group and the Clostridia_UCG_014_
ge and Gastranaerophilales_ge genera related to the
ALC8 group. In the experimental model of ALD, the
ALD-control group presented a greater abundance of
Muribaculaceae_unclassified (FIGURE 8).

WAL} Arg Gastroenterol ® 2024. v. 61:623100

DISCUSSION

Dysregulations of GM composition, microbial me-
tabolism, and gut barrier function play a key role
in the development and progression of MASLD and
ALD. Both diseases are global health issues, and their
incidence is increasing®!”. They present similar his-
topathological findings and, due to interindividual
and interethnic differences, the involvement of ge-
netic and epigenetic factors in both pathogenesis
is suggested'®”. Currently, metabolic-dysfunction
associated steatohepatitis (MASH) secondary cirrho-
sis is the second most common indication for liver
transplantation, with ALD being the leading cause
in adults in the United States"’?”. Changes in the
composition of the GM may explain the progression
of MASLD and ALD, as bioactive metabolites are for-
med from endogenous (bile acids) and exogenous
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FIGURE 8. Differential abundance by linear discriminant analysis. The acronym MASLD represents the non-alcoholic fatty liver disease (NAFLD)
information in the image. Abbreviations: ALC4: alcohol group 4 weeks; ALC8: alcohol group 8 weeks; NAFLD: non-alcoholic fatty liver disease.

(diet and environment) substrates and these meta-
bolites are translocated to the liver’”. In this study,
we demonstrated that the structural pattern of the
GM differs significantly between MASLD and ALD
experimental models. Bacteroidetes, Firmicutes, and
Proteobacteria were the most abundant phyla in the
experimental groups studied, but differences in the
abundance of bacterial families were noted. In the
experimental model of MASLD, the most abundant
bacterial families were less abundant (or absent) in
the control group than in the MASLD-group, and the
opposite was also observed. In the experimental
model ALD, the ALC4 group had higher abundan-
ce of Lactobacillaceae and Lachnospiraceae, whe-
reas the ALC8 group had increased abundance of
Bacteroidaceae and Clostridia_UCG. In addition,
differential abundance analysis revealed different
patterns of bacterial family associations between
experimental groups.

Several studies have reported the composition

of the GM in preclinical models and in patients
with MASLD, but the observed results are incon-
sistent and contradictory”72Y In each stage of
MASLD, there is a specific signature of the GM, but
the results are still incomplete®?”. In our study,
we found that the most abundant bacterial phyla
are Bacteroidetes, Firmicutes, and Proteobacteria,
but that other phyla such as Verrucomicrobia, Ac-
tinobacteria, and Cyanobacteria are also associa-
ted with the pathogenesis of liver injury, results
that corroborate the data reported®'*?>, Differen-
tial abundance analysis revealed an increase in the
abundance of the genera Bacteroides, Romboultsia,
and Oscillospirales_ge in the MASLD-group. The
greater abundance of the genus Bacteroides and
the phylum Bacteroidetes in the MASLD-group and
the decrease in Firmicutes observed in this study
corroborates previous studies®?®. The increase in
the abundance of the genus Bacteroides is related
to the pathogenesis of MASLD and in particular to
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MASH, as it shows strong positive correlations with
the metabolites deoxycholic acid, D-pinitol, choli-
ne, raffinose, and stachyose®. The latter two me-
tabolites include glucose and fructose, both sugars
that have been associated with increased inflamma-
tion and liver fibrosis in patients with MASLD in
excess®?”_ In addition, the increase in Bacteroides
promotes a decrease in fecal short-chain fatty acids
and amino acids, which are products of bacterial
fermentation of carbohydrates associated with va-
rious beneficial effects on the organism and may
be detrimental to MASLD™®?%2 Bacteroides are also
responsible for the endogenous production of etha-
nol in MASLD, and when produced in excess, it
can cause fluctuations in redox potential and incre-
ased inflammatory responses"’?. In this study, the
bacterial genera Romboutsia and Oscillospirales_ge
were more abundant in the MASLD-group than in
the other groups. The data confirm previous findin-
gs reported in the literature, although their physio-
logical effects on MASLD have not been fully eluci-
dated®?. The increased incidence of Romboutsia
is associated with obesity and gut inflammation and
shows a strong positive correlation with serum con-
centrations of low-density lipoprotein (LDL) choles-
terol, a risk factor for the development of cardiovas-
cular disease®?”. The increased cardiovascular risk
of this MASLD experimental model was previously
demonstrated by our research group, supporting the
increased abundance of the Romboutsia genus?”.
Experimental models for ALD are difficult to
establish as rodents have aversion to alcohol™".
Other described models are expensive and difficult
to reproduce because they either require special
diets, infusion pumps or invasive procedures®3.
However, the development of experimental models
to elucidate the pathophysiological mechanisms of
ALD and to evaluate potential therapeutic strategies
is essential. The model developed by our group is
capable of triggering ALD at an early stage with
histopathological and biochemical changes in liver
function that correspond to the phenotype of the
disease in human“? . The severity of alcohol-induced
liver injury might be related to a specific signature
of GM composition. In our study, animals exposed
to alcohol abuse for eight weeks had high abundan-
ce of Cyanobacteria and Verrucomicrobiota phyla.

WPIALY Arg Gastroenterol © 2024. v. 61:623100

Cyanobacteria induce the production of liver toxins
such as microcystins, which promote the formation
of reactive oxygen species and inflammation®®. The
damage caused depends on the level and duration
of exposure to microcystins, which may explain the
increase in this phylum, especially in animals from
the ALC8 group compared to the ALC4 group®®.
An experimental model of continuous intragastric
alcohol feeding showed an increase in the relati-
ve abundance of the Verrucomicrobiota phylum, a
finding that supports our findings®”. In this study,
an increase in the relative abundance of the ge-
nus Turicibacter was demonstrated, especially in
the group exposed to alcohol abuse for four we-
eks. As previously reported, this bacterial species
is associated with an increase in pro-inflammatory
response and is also positively correlated with the
severity of ethanol-induced liver injury®**. In precli-
nical models and in patients with ALD, we found no
reports of Lactobacillaceae, Lachnospiraceae, Clos-
tridia_UCG, and Gastranaerophilales_ge, making it
difficult to discuss the results. This can be attributed
to the different molecular techniques used to evalu-
ate the composition of the microbiota, which is a li-
mitation®”. In addition, several studies evaluating the
composition of the GM describe only the taxonomy
of some bacterial species. In addition, we emphasize
the need for further studies in which proteomics and
metabolomics assessments are performed to elucida-
te the impact of microbial function on liver lesions.
In conclusion, we report that the structural pat-
tern of the GM in MASLD is significantly different
from ALD. To our knowledge, this is the first report
that provides a comparative assessment of the com-
position of the GM in preclinical models of MASLD
and ALD. Changes in GM composition are associa-
ted with the development and progression of liver
lesions, but more studies combining assessments of
bacterial gene expression and bioactive metabolites
are needed"”. The goal is to provide new insights
for future modulation of the GM and supplementa-
tion of bacterial metabolites for therapeutic benefit.
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RESUMO - Contexto — A doenca hepitica alcodlica (DHA) e a doenca hepitica esteatotica associada a disfuncdo metabodlica (MASLD)

sdo comuns, e a microbiota intestinal (MD) esta envolvida em ambas. Aqui, comparamos a composicao da MI em modelos animais
de MASLD e DHA para avaliar se existem padroes especificos para cada doenca. Métodos — Modelo de MASLD - ratos machos
adultos da linhagem Sprague Dawley, randomizados em dois grupos: MASLD-controle (n=10) alimentados com uma dieta padrao;
grupo MASLD (n=10) alimentados com uma dieta rica em gordura e deficiente em colina por 16 semanas. Modelo de DHA — ratos
machos adultos da linhagem Wistar randomizados: DHA-controle (n=8) alimentados com uma dieta padrio e d4gua+0,05% de sacari-
na; grupos DHA alimentados com semente de girassol e 10% de etanol+0,05% de sacarina por 4 ou 8 semanas (DHA4, n=8; DHAS,
n=8). DHA 4/8 no ultimo dia receberam binge alcodlico (5 g/kg de etanol). Posteriormente, os animais foram sacrificados, e as fezes
foram coletadas para analise da MI. Resultados — Ambos os modelos experimentais induziram caracteristicas histopatologicas tipi-
cas das doencas. A diversidade alfa foi menor na MASLD em comparacdo com a DHA (2<0,001), e o padrio estrutural foi diferente
entre elas (7<0,001). Bacteroidetes (55,7%), Firmicutes (40,6%) e Proteobactérias (1,4%) foram os filos mais prevalentes em todas
as amostras, embora com abundincias diferenciadas entre os grupos. DHAS teve uma maior abundancia dos filos Cyanobacteria
(5,3%) e Verrucomicrobiota (3,2%) em relacdo aos outros. A andlise de abundancia diferencial identificou Lactobacillaceae_unclas-
stfied, Lachnospiraceae_NK4A136 e Turicibacter associados ao grupo DHA4, e os géneros Clostridia_UCG_014_ge e Gastranaero-
philales_ge associados ao DHAS8. Conclusao — Neste estudo, demonstramos que o padrio estrutural da MI difere significativamente
entre os modelos de MASLD e DHA. Estudos sio necessdrios para caracterizar a microbiota e os metabdlitos ativos em ambas as
condicoes clinicas, a fim de encontrar novas estratégias terapéuticas.

Palavras-chave — Modelo animal; doenca hepatica alcoolica; microbiota intestinal; doenca hepdtica esteatotica associada a

disfunciao metabolica; doenca hepitica.
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