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Abstract: Objective: Alcohol may aggravate the clinical symptoms of chronic prostatitis (CP)/chronic pelvic pain syn-
drome (CPPS), but the molecular mechanism behind this connection have not been fully understood. In our study, 
we established a rat model of experimental autoimmune prostatitis (EAP) to investigate the impact of alcohol expo-
sure on the changes in prostatic microbiota. Methods: The EAP rat model was established using prostate steroid-
binding protein with subsequently administered alcohol exposure. The concentration of alcohol was quantified by 
a standard alcohol concentration assay. The inflammatory factors were measured through enzyme-linked immuno-
sorbent assay (ELISA). Subsequently, the composition and diversity of the prostate microbiota were analyzed using 
16S rRNA gene sequencing data. Results: Elevated levels of inflammatory factors and morphological characteristics 
of prostate tissue confirmed that the EAP rat model was successfully established. Following alcohol exposure, a 
significant increase in blood alcohol concentration was observed. Alcohol exposure further exacerbated dysbiosis 
in prostate microbiota, altering microbial abundance, evenness, and composition in EAP rats. More than 50 meta-
bolic pathways related to biosynthesis, degradation/utilization/assimilation, detoxification, generation of prostate 
metabolite and energy, macromolecule modification, glycan pathways and metabolic clusters were predicted to be 
disrupted. Additionally, metabolomics profiling revealed that alcohol impaired pathways such as PWY-6876, PWY-
6339, PWY-722, and PWY-5177, which were strongly associated with microbial changes, including Streptomyces, 
Oscillospira, Pseudomonas, Lactobacillus, unidentified-Clostridiales, and unclassified-Bacteria. Conclusion: Our 
findings suggested that alcohol exacerbates prostatitis by disrupting the balance of prostate microbiota. This find-
ing could provide valuable insights for improving the diagnosis and treatment for patients with alcoholic prostatitis.
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Introduction

Chronic prostatitis is a prevalent disease affect-
ing adult males, particularly those aged 20 to 
40 [1, 2]. Studies have shown that the inci-
dence of chronic prostatitis ranges from 10% to 
15% [3]. According to clinical presentations, 
the National Institutes of Health (NIH) catego-
rize prostatitis into 4 types: NIH-I for acute bac-
terial prostatitis; NIH-II for chronic bacterial 
prostatitis; NIH-III for chronic prostatitis/chron-
ic pelvic pain syndrome (CP/CPPS); and NIH-IV 
for asymptomatic inflammatory prostatitis [4]. 
CP/CPPS had the highest clinical incidence, 
accounting for 90% to 95% of patients with 
chronic prostatitis [5]. CP/CPPS is character-
ized by a complex etiology and persistent symp-
toms, often leading to sexual dysfunction and 

mental disorders, which seriously affected the 
quality of life of the patients [6, 7]. Although the 
exact pathogenesis of CP/CPPS remains un- 
clear, it may be related to many factors such as 
infection, neuropathology, autoimmunity.

Alcohol use disorder is a global public health 
issue, with alcohol intake impacting nearly 
every organ system and contributing to various 
inflammatory diseases, such as hepatitis, pan-
creatitis, and atherosclerosis [8-10]. Epidemi- 
ological studies have also shown a strong as- 
sociation between alcohol consumption and  
an increased prevalence of CP/CPPS [11, 12]. 
The symptoms of CP/CPPS were typically more 
severe in this group. Although treatment may 
alleviate symptoms, they often recur after alco-
hol intake, leading to repeated medical visits. 
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This indicated a clear association between al- 
cohol and the onset of CP [13]. Alcohol affects 
the body’s neutrophil’s immunity by impairing 
neutrophil recruitment, reducing pathogen cl- 
earance capability, and decreasing neutrophil 
production [14, 15]. However, the mechanism 
by which alcohol induces CP/CPPS is not yet 
fully understood.

Emerging evidence highlights the prostate mi- 
crobiota as a crucial regulator in the develop-
ment and progression of prostate-related dis-
eases [16, 17]. Animal studies have shown that 
long-term alcohol exposure could lead to dys-
biosis in the gut microbiota [18], which may 
contribute to urinary tract dysfunction [19]. 
Given its role in the urinary tract, the prostate 
exhibited varying microbial characteristics with 
changes in pathological states [20]. A stable 
composition of the prostate and urethral micro-
biota is essential for maintaining the integrity 
of the urogenital barrier and immune homeo-
stasis [21]. Under normal physiological condi-
tions, the urogenital microbiota maintained a 
dynamic equilibrium and formed a symbiotic 
relationship with the host, carrying out vital bio-
logical functions. Our preliminary study indicat-
ed a strong correlation between the dysbiosis 
of the prostate microbiota and the exacerba-
tion of CPPS symptoms. However, the direct 
impact of alcohol on the prostate microbiota 
has not been reported to date.

To investigate the mechanism of alcohol-in- 
duced prostatitis symptoms, we established an 
experimental autoimmune prostatitis (EAP) rat 
model. Subsequently, we assessed the levels 
of inflammatory factors to evaluate the effects 
of long-term alcohol exposure on prostate sy- 
mptoms. Additionally, we examined the altera-
tions in species composition and abundance, 
diversity and predicted metabolic function of 
prostatic microbiota by 16s RNA sequencing.

Methods

Animals

A total of 20 male Wistar rats (aged 8-16 weeks) 
were provided by Shanghai Slack Laboratory 
Animal Co., Ltd. (Shanghai, China, SCXK (Shang- 
hai) 2022-0004). The rats were housed in the 
specific pathogen-free (SPF) animal center at 
Shanghai Chengxi Biotechnology Co., (Use licen- 
se: SYXK (Shanghai) 2023-0023) (Shanghai, 

China), maintained at 22±0.5°C with a 12-h 
light/dark cycle. Rats had free access to stand-
ard lab chow and water ad libitum. After a week 
of acclimatization, the rats were assigned to 
one of four groups (n = 5 per group): negative 
control group (Ctrl), experimental autoimmune 
prostatitis group (EAP), long-term alcohol expo-
sure group (AL), and combined EAP and long-
term alcohol exposure (EAP-AL). The animal 
study was approved by the Institutional Animal 
Care and Use Committee of Shanghai Chengxi 
Biotechnology Co., Ltd. (Approval No.: CX0524- 
08017). The recommendations were strictly 
followed.

Purification of prostate steroid-binding protein 
(PSBP)

The purification of PSBP was conducted as pre-
viously described [22]. In brief, the rats’ pros-
tate tissue was lysed in the lysis buffer with 
0.5% TritonX-100 and a protease inhibitor. The 
lysates were centrifuged at 12,000 g for 30 
mins at 4°C. The concentration of PSBP in the 
supernatant was measured using a BCA kit 
(cat. ab102536, Abcam). The PSBP concentra-
tion was then diluted to 40 mg/mL with PBS 
buffer (0.1 mol/L, pH7.4) and stored at -80°C 
for subsequent experiments.

Experimental autoimmune prostatitis (EAP) 
model

The animal model of EAP was established  
following previous published procedure [23]. 
PSBP (40 mg/mL) was emulsified with com-
plete Freund’s adjuvant (CFA) (Sigma-Aldrich)  
at a 1:1 volume ratio. Rats in EAP and EAP-AL 
groups (n = 10 total) received 0.1 mL of PBSP 
injected directly into each lobe of the prostate. 
Ctrl and AL group rats were injected with 0.1 
mL of 0.9% saline in the same manner. To pre-
vent infection, all rats received a subcutane- 
ous injection of penicillin (300,000 units/100 g 
body weight) daily for one week within 24 h 
after operation. Four weeks later, each rat re- 
ceived subcutaneous booster injections of 0.1 
mL of incomplete Freund’s adjuvant at 2 points 
on the ventral and 2 points on the dorsal sides 
of the rats.

Alcohol exposure

The rats in AL and EAP-AL groups were gi- 
ven ethanol solution following the compulsory 
drinking procedure [24]. The concentration of 
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alcohol was gradually increased in the drinking 
solution each day from 3% to 20% (V/V) in the 
following sequence: 3%, 5%, 7%, 9%, 11%, 
13%, 15% and 20%. The AL and EAP-AL rats 
were administered alcohol at a dose of 0.0275 
ml/g/kg every other day via intubation for 15 
consecutive days during puberty. The Ctrl and 
EAP groups were given water daily. The mo- 
del was considered successfully established 
when stable concentration of blood alcohol 
was achieved. After alcohol exposure, the rats 
in EAP-AL groups were used to construct the 
CP/CPPS model by EAP procedure.

Alcohol concentration assay

Blood samples (50 μl) were collected from the 
rat tail as previously described [25]. Serum was 
separated within 2 hours and the alcohol con-
centration was measured using a blood alcohol 
assay kit (e036-1-1, Nanjing Jiancheng Institute 
of Bioengineering, Nanjing, China). The sam-
ples were mixed immediately, and the absor-
bance A1 and A2 were measured at 340 nm at 
20 seconds and 140 seconds, respectively. 
The alcohol concentration was calculated using 
the following formula: Alcohol concentration = 
(A2-A1)test/(A2-A1)standard solution * standard solu-
tion concentration (mmol/L).

Hematoxylin and eosin (H&E) staining

Prostate tissues were collected following eu- 
thanasia by intraperitoneal injection of sodium 
pentobarbital (200 mg/kg). The H&E staining 
was performed as previously described [26]. 
Briefly, the prostate tissues were fixed in 4% 
paraformaldehyde (PFA) overnight at 4°C. After 
paraffin embedding, the tissues were sliced in- 
to 5 µm sections. The slices were deparaffined 
and stained with hematoxylin solution for 5 
mins, followed by soaking in hydrochloric acid-
ethanol solution 5 times, and then rinsed with 
water. The slices were subsequently stained 
with eosin for 3 mins. Prior to mounting with 
neutral balsam, the slices were washed with 
water, dehydrated with a graded alcohol series 
(30%, 50%, 70%, 95% and 100%), and cleared 
in xylene for 4 times. Images were acquired for 
analysis by using a light microscope.

Enzyme-linked immunosorbent assay (ELISA)

Levels of inflammatory factors were measured 
using ELISA assay [27]. The prostate tissues 

were lysed in lysis buffer and centrifugated  
at 800 g for 20 mins at 4°C. Protein concentra-
tion in the supernatant was determined using a 
BCA kit. The concentration of tumor necrosis 
factor (TNF)-α, Interleukin (IL)-6 and IL-1β were 
quantified using rat-specific ELISA kits: TNF-α 
(No. PT516), IL-6 (No. PI328), and IL-1β (No. 
PI303), all obtained from Shanghai Beyotime 
Biotechnology Co., Ltd. (Shanghai, China).

16S rRNA gene sequencing

Total DNA was extracted from rat prostate  
tissue using the DNeasy@Blood&Tissue kits 
(Qiagen). The V3-V4 region of bacterial 16S rR- 
NA were amplified using universal primers, and 
high-throughput sequencing was performed on 
the Illumina MiSeq platform. Sequencing data 
were processed using the QIIME2 software. 
First, the primer sequences were trimmed us- 
ing qiime cutadapt trim-paired, and reads with-
out matched primers were discarded. Subse- 
quently, quality control, denoising, splicing, and 
removal of chimeric sequences were conduct-
ed using qiime dada2 denoise-paired. These 
preprocessing steps were analyzed indepen-
dently for each library. After denoising all librar-
ies, the amplicon sequence variants (ASVs) fea-
ture sequences and ASV tables were merged, 
and the singletons ASVs were excluded. Se- 
quence length distributions of high-quality re- 
ads were analyzed using R scripts. Microbial 
diversity was assessed using α-diversity and 
β-diversity matrics. Species richness was mea-
sured using observed species index and Chaol 
index, while community diversity was measured 
using the Shannon index and Simpson index. 
The matrix was obtained based on Bray-Curtis 
distance. Principal coordinate analysis (PCoA) 
was performed in R to visualize microbial com-
munity structure in three-dimensional space. 
Linear discriminant analysis effect size (LEfSe) 
was used to identify significantly different bac-
teria (biomarkers) with Kruskal-Wallis test, and 
linear discriminant analysis was used to evalu-
ate the influence with Wilcoxon test.

Statistical analysis

All data were presented as the mean ± stan-
dard deviation (SD). Statistical analyses we- 
re performed using GraphPad Prism software 
(GraphPad Software, San Diego, CA, USA) and 
SPSS 25.0 (IBM Corp., Armonk, NY, USA). The 
Kruskal-Wallis H test was used for multiple  
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group comparisons. A P-value < 0.05 was con-
sidered statistically significant.

Results

Establishment of EAP and alcohol exposure rat 
model

To investigate the effects of EAP and alcohol 
exposure, we established a rat model following 
previously reported methods. Blood alcohol 
concentration was measured to confirm suc-
cessful alcohol exposure. As shown in Figure 
1A, the blood alcohol concentration was signi- 
ficantly higher in AL and EAP-AL groups than 
Ctrl and EAP groups. Histological analysis of 
prostate tissue using H&E staining revealed no 
notable inflammation in Ctrl and AL groups. 
However, we observed that hyperemia, edema, 
and cell infiltration appeared in the prostatic 
epithelium and stroma of rats in EAP and EAP-
AL groups, with the EAP-AL group showing more 
severe pathological changes than the EAP 
group (Figure 1B, 1C). Meanwhile, the levels of 
IL-1β, IL-6, and TNF-α were further analyzed 
using ELISA. There was no difference of IL-1β in 
Ctrl and AL groups, but the levels were mark-
edly elevated in the EAP and EAP-AL groups 
with the highest level observed in the EAP-AL 
group (Figure 1D). Similarly, IL-6 levels were 
comparable between the Ctrl and AL groups. 
There was a significant increase of IL-6 in EAP 

and EAP-AL groups than in the AL group (Figure 
1E). No difference of TNF-α was observed be- 
tween Ctrl and AL groups (Figure 1F). TNF-α 
level was higher in the EAP group compared  
to the AL group. Interestingly, alcohol further 
amplified TNF-α levels in EAP rats. Taken toge- 
ther, our results demonstrated that the EAP 
and alcohol model was successfully establish- 
ed by PBSP and alcohol exposure in rats.

Alcohol promoted prostate microbial dysbiosis 
in EAP rats

To access the impact of alcohol on prostate 
microbiota in the context of EAP, we performed 
16S rRNA gene sequencing and subsequent 
bioinformatics analysis. The number of taxa at 
different structure and characteristics levels 
were evaluated, including species, genus, fam-
ily, class, phylum, and domain in the Ctrl, AL, 
EAP, and EAP-AL groups (Figure 2A). The rela-
tive abundance of prostate microbiota at fami- 
ly and genus levels were analyzed among four 
groups. Figure 2B showed the differences in 
prostate microbiota at the phylum level, with 
Proteobacteria abundance was notably redu- 
ced in the EAP and EAP-AL groups compared to 
the Ctrl and AL groups. The most pronounced 
decrease was observed in the EAP-AL group. 
Conversely, Firmicutes and Actinobacteria we- 
re significantly enriched in the EAP and EAP- 
AL groups, and Actinobacteria showing a more 

Figure 1. Establishment of EAP and alcohol exposure model in rats. (A) The concentration of alcohol in the blood 
of rats (n = 5). (B) Representative images of prostate tissue by H&E staining (n = 5). (C) The inflammation scores 
analysis (n = 5). (D, E) The levels of IL-1β (D), IL-6 (E), and TNF-α (F) in rats by ELISA assay (n = 5). Vs the Ctrl group, 
aaP < 0.01; Vs the AL group, bbP < 0.01; Vs the EAP group, cP < 0.05, ccP < 0.01.
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dramatical increase in the EAP-AL group. Me- 
anwhile, the results of taxonomic tree in packed 
circles and phylogenetic tree plot displayed the 
significant difference in multiple taxonomic lev-
els among the Ctrl, AL, EAP and EAP-AL groups. 
Notably, changes were observed in Chloroplast, 
Bacteriodia, Gammaproteobacteria and Beta- 
proteobacteria at phylum level; Alphaproteob- 
acterial and Bacilli at class level; Actinobacte- 
ria and Clostridia at order level; Deltaproteob- 
acteria and Epsilonproteobacteria at family 
level; and Flavobacteriia, Fusobacteridia and 
Spirochaetes at genus level (Figure 2C). Phy- 
logenetic tree analyses further demonstrated 
significant differences in the relative abundan- 
ce of Lactobacillus, Shigella, Blautia, Bactero- 
ides, Oscillospira, Dorea, Clostridiaceae_Clostri- 
dium, Allobaculum, Ruminococcaceae_Rumino- 
coccus, Paraprevotella, Firmicutes, Bacteroide- 
tes, Proteobacteria, Actinobacteria, Verrucomi- 

crobia and Tenericutes across the four groups 
(Figure 2D). These results suggested that alco-
hol exacerbates prostate microbiota dysbiosis 
in EAP rats.

Alcohol alters prostate microbiota composition 
in EAP rats

To further elucidate the effect of alcohol on 
prostate microbiota composition in EAP, we 
compared the microbial diversity among the 
four groups. The composition of the prostate 
microbiota within or between different groups 
were measured by α-diversity and β-diversity 
analysis. α-diversity metrics, including Chao1, 
Faith’s phylogenetic diversity (PD), Goods cov-
erage, Shannon, Simpson, Pielou-c, and Obser- 
ved-species indices, were evaluated (Figure 
3A). Chao1 index showed no significant differ-
ence between the Ctrl and AL groups. However, 

Figure 2. Alcohol promoted the dysbiosis of prostate microbiota in EAP rats. A. The number of taxa of prostate 
microbiota in rats at different levels, including species, genus, family, class, phylum, and domain. B. The relative 
abundance analysis at phylum level. C. Taxonomic tree in packed circles for the prostate microbiota at genus, family, 
class, phylum, and order level of taxa in the four groups. The different colors represented the different taxonomic 
levels. D. The composition, abundance and taxonomy of prostate microbiota in four groups by phylogenetic tree plot 
analysis.
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there was a dramatic increase in the EAP group 
compared with the AL group, while alcohol 
inhibited the levels of Chao1 in EAP rats. Faith_
pd was higher in the AL group relative to the  
Ctrl group. Goods_coverage remained consis-
tent across all groups. The results of Shannon 
showed a violent increase in the AL group com-
pared with the Ctrl group, with further elevation 
in the EAP group, however, the increase was 
inhibited in the EAP-AL group. No significant  
difference was observed in the Simpson index 
among all groups. The level of Pielou-c in AL 
rats was significantly increased compared to 
the Ctrl rats. Rats in the EAP group showed that 
there was dramatically enhanced Pielou-c com-
pared with rats in the AL group, but the level 
was suppressed by alcohol. Observed-species 
index showed similar results to Pielou-c.

β-diversity analyses, including PCoA and NMDS, 
showed distinct clustering patterns among the 
groups, indicating significant differences in 
microbial compositions (Figure 3B, 3C). The 
hierarchical clustering analysis showed similar-
ities between different samples and the top  
10 prostate microbiota at genus level, including 
Streptomyces, Lactobacillus, Cupriavidus, Ano- 
xybacillus, Enterococcus, Pseudomonas, Che- 
latococcus, Desulfovibrio, Oscillospira, and Aci- 
netobacter (Figure 3D). The microbial composi-
tion showed high similarity in the Ctrl, AL and 
EAP groups. Streptomyces and Anoxybacillus 
were filed in EAP and AL groups, while Lacto- 
bacillus was primarily found in the EAP-AL gr- 
oup, and Enterococcus, Chelatococcus and Cu- 
priavidus were in Ctrl group. Permutational mul-
tivariate analysis of β-diversity revealed that 

Figure 3. Alcohol changed the diversity of the prostate microbiota in EAP rats. A. The α-diversity analysis of the 
prostate microbiota at the levels of Chao1, Observed-species, Shannon, Simpson, Faith’s PD, Pielou-e, and Goods-
coverage. B. The PCoA analysis for distribution characteristics of prostate microbiota. C. The NMDS analysis for dis-
tribution characteristics. D. hierarchical clustering analysis for the similarity. E. permutational multivariate analysis 
for variance; n, the species number of prostate microbiota.
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AL, EAP, and EAP-AL rats had a greater micro-
bial community distance from the Ctrl rats. The 
degree of dissimilarity progressively increased 
across the AL, EAP and EAP-AL groups (Figure 
3E). Together, these results indicated that alco-
hol alters the diversity and composition of the 
prostate microbiota in EAP rats, potentially con-
tributing to disease progression.

Identification of marker species associated 
with alcohol exposure in EAP rats

To identify the marker species associated with 
alcohol exposure in EAP rats, we conducted  
a comprehensive comparative analysis of pros-
tate microbiota across four groups. The Venn 
diagram showed a total of 4,659 microbiota 
were detected across all groups. Specifically, 
649 were found in Ctrl and AL groups, 838 in 
AL and EAP groups, and 619 in EAP and EAP-AL 
groups. Importantly, 333 prostate microbiota 
were presented in all groups. While there were 
718, 666, 1279 and 555 unique prostate mi- 
crobiota in Ctrl, AL, EAP, and EAP-AL groups, 
respectively (Figure 4A). The species composi-
tion among groups was assessed by using the 

systematic cluster analysis. The top 20 pros-
tate microbiota at genus level were analy- 
zed based on the heatmap analysis, including 
Enterococcus, Anoxybacillus, and Pseudomo- 
nas (Figure 4B). The Enterococcus, Cupriavidus, 
and Chelatococcus were predominant in the 
Ctrl group; Anoxybacillus, and Pseudomonas 
were enriched in the AL group; Turicibacter, 
Treponema, Prevotella, Oscillospira, Ruminoco- 
ccus, Streptomyces, Desulfovibrio and Acine- 
tobacter were prominent in the EAP group; and 
Xanthomonas, Lactobacillus, and Sphingomo- 
nas were abundant in the EAP-AL group. Prin- 
cipal component analysis (PCA) further high-
lighted the differences in microbial communi-
ties among the groups. The values of PC1 and 
PC2 were ranged from -0.5 to -0.1 and -0.3  
to 0.2 in the Ctrl group. The AL group showed 
minimal variation. However, EAP and EAP-AL gr- 
oups showed broader ranges: PC1 from -0.25 
to 0.5 and PC2 from -0.3 to 0.3 in EAP; PC1 
from -0.3 to 0.9 and PC2 from 0.55 to 0.75 in 
the EAPAL group (Figure 4C). MetagenomeSeq 
analysis identified significant differences in the 
relative abundance of specific taxa among the 

Figure 4. The analysis of marker specie for alcohol exposure in EAP rats. A. Venn diagram analysis of prostate micro-
biota among four groups. B. Heat map analysis of species composition of the prostate microbiota. C. PCA analysis at 
the genus level of prostate microbiota. D. The taxonomic distribution of the prostate microbiota by MetagenomeSeq 
analysis. Significant differences were marked with colored dots or circles, insignificant represented by gray circles, 
and significantly up-regulated within the group were shown with colored solid dots.
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groups, including the changes of Bacteriode- 
tes, Firmicutes (Clostridum, and Blautia), and 
Proteobacteria (Balneimonas) (Figure 4D). The- 
se findings demonstrated the marker species 
for alcohol exposure in EAP rats.

Alcohol-induced dysbiosis of the prostate mi-
crobiota in EAP rats

The associated network analysis was perfor- 
med to analyze the similarity of prostate micro-
biota among four groups. As shown in Figure 5, 
Linear Discriminant Analysis (LDA) with a thres- 
hold score of 2 identified key taxa contributing 
to group-specific microbial structures. At the 
phylum levels, Proteobacteria were predomi-
nant in the Ctrl group, Bacterodietes in the EAP 
group, and Actinobacteria in the EAP-AL group. 
At the class level, there were 3 dominant class 
in Ctrl rats (Alphaproteobacteria, Betaproteob- 
acteria and gammaproteobacterial), 6 in EAP 
(Mollicute, Coribobacteriia, Bacteroidia, Clostri- 
dia, Erysipelotrichi, and Deltaproteobacteria), 
and 2 in EAP-AL rats (Actinobacteria and Flavo- 
bacteriia). A total of 17 prostate microbiota 
were found in order levels: 4 in Ctrl, 2 in AL, 8 in 
EAP and 3 in EAP-AL groups. Family level found 
more than 20 prostate microbiota across all 
groups, including Methyobacteriaceae in Ctrl 
rats, F16 in AL rats, Weeksellaceae in EAP rats, 
and Acetobacteraceae in EAP-AL rats. Mean- 
while, we also observed that 28 prostate micro-
biota were identified at genus level among four 
groups. Functional profiling using Metageno- 
meSeq analysis predicted 56 metabolic path-
ways with significant differences among the 
four groups, including biosynthesis, degrada-

tion/utilization/assimilation, detoxification, gen- 
eration of precursor metabolite and energy, ma- 
cromolecule modification, and metabolic clus-
ter (Figure 6). Notably, pathways related to am- 
ino acid biosynthesis were as follows: cofactor, 
prosthetic, Group, Electron Carrier, and Vitam 
Biosythesis, Fatty Acids and Lipid Biosynthesis 
and Nucleoside and Nucelotide Biosynthesis, 
Degradation/Utilization/Assimilation for Carbo- 
thdrate degradation, Carboxylate degradation, 
Nucleoside and Nucleotide Degradation, Deto- 
xification for Aantibiotic resistance, and me- 
thanol oxidation to carbon dioxide, Generation 
of precursor metabolite and energy for Electron 
Transfer, Fermentation, Glycolysis and TCA cy- 
cle, Glycan pathways for glycan biosythesis  
and glycan degradation, and Macromolecule 
modification for nucleic acid processing and 
protein modification, and metabolic clusters  
for O-antigen building blocks biosythesis, pyri- 
midine deoxyribonucleotide phosphorylation.  
A total of 51 significantly altered metabolic 
pathways were identified in the EAP group com-
pared to the Ctrl group, including 28 upregu- 
lated and 23 downregulated pathways (Figure 
7A). Interestingly, in the EAP-AL group compa- 
red to Ctrl, 13 pathways (PWY) were upregulat-
ed (e.g., PWY-6339, PWY-5860 and PWY-58- 
62), and 19 were downregulated (e.g., PWY0-
42, PWY-5747, and PWY-722) (Figure 7B). More- 
over, pathways such as PWY-7456, PWY-6588, 
PWY-7210, PWY-7198, PWT-5677, P162-PWY 
and PWY-5177 were significantly downregulat-
ed in the EAP-AL compared to the EAP group 
(Figure 7C).

Additionally, we analyzed the microbial contri-
butions to specific metabolic pathways. The 

Figure 5. Alcohol promoted the dysbiosis of prostate microbiota profile in EAP rats. The marker species of the pros-
tate microbiota at the different levels by LefSe analysis. The taxonomic branching diagram showed the hierarchical 
relationship of the main taxa from phylum to genus (from inner circle to outer circle).
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composition of prostate microbiota in PWY-722 
metabolic pathway was analysis in Ctrl, AL,  
EAP and EAP-AL groups (Figure 8A). In the Ctrl 
group, PWY-722 were primarily associated wi- 
th Cupriavidus, Streptomyces, and unidentified-
Acetobacteraceae. Cupriavidus, Streptomyces 
were also strongly correlated with PWY-722 in 
the AL group. However, in the EAP and EAP-AL 
groups, PWY-722 was associated with Strepto- 
myces. For PWY-5177, Streptomyces was the 
main contributor across all groups, with addi-
tional contributions from Cupriavidus, unidenti-
fied-Xanthomonadaceae, and unidentified-Ace-
tobacteraceae in the Ctrl group; Oscillospira in 
the AL group; Oscillospira, Pseudomonas, and 
unclassified-Bacteria in the EAP group (Figure 

8B). Then, we also analyzed the composition  
of prostate microbiota in PWY-6339 (Figure 
8C). Of the four groups, the Ctrl group had the 
least amount of prostate microbiota. There was 
a high abundance of Streptomyces, unclassi-
fied-Bacteria, unidentified-Clostridiales in the 
AL group. Interestingly, Streptomyces, Lactoba- 
cillus, and unidentified-Clostridiales were also 
mainly associated with PWY-6339 in the EAP+ 
AL group. Furthermore, we analyzed the PWY-
6876 (Figure 8D). Streptomyces, Cupriavidus, 
and unidentified-Xanthomonadaceae were high 
associated with PWY-6876 in the Ctrl group. 
Streptomyces and unclassified-Bacteria were 
the main contributors of PWY-6876 in the AL 
group. The composition of prostate microbiota 

Figure 6. The metabolic pathway analysis by MetagenomeSeq analysis. The relative abundance and function of 
metabolic pathways among four groups.
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in the EAP group was similar to the AL group. In 
addition, Oscillospira also strongly correlated 
with PWY-6876 in the EAP group. In the EAP-AL 
group, PWY-6876 was mainly regulated by St- 
reptomyces and unclassified-Bacteria.

Discussion

The symptoms of patients with CP/CPPS were 
influenced by various factors, including lifestyle 

and dietary habits [11]. While the exact etiolo-
gy, and pathophysiology remain unclear, clini-
cal practices indicate that alcohol consump- 
tion exacerbates CP/CPPS symptoms [28]. The 
changes in microbiota have been implicated in 
CP/CPPS [29], and alcohol is known to induce 
the change in gut microbiota based on the dose 
and duration [30]. Given the complex interac-
tion between gut and prostate microbiota, alco-
hol may lead to an imbalance in gut microbiota 

Figure 7. The significant difference analysis of metabolic pathways between two groups. A. Ctrl vs EAP; B. Ctrl vs 
EAP-AL; C. EAP vs EAP-AL.

Figure 8. Analysis of the correlation between metabolic pathway and prostate microbiota. The species composition 
of (A) PWY-722, (B) PWY-5177, (C) PWY-6876, and (D) PWY-6339.
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and affect prostate health. However, the direct 
effects of alcohol on prostate microbiota in the 
context of prostatitis remain unclear.

In this study, we established a rat model of EAP 
and alcohol exposure to explore the effect  
of alcohol on prostatitis inflammation and mi- 
crobial diversity. Our findings showed that alco-
hol promoted the increase of pro-inflammatory 
cytokines levels (IL-1β, IL-6, and TNF-α) in EAP 
rats. Notably, alcohol exposure alone did not 
significantly alter prostate inflammation scores 
and factors in Ctrl and AL rats, suggesting that 
alcohol may exacerbate existing inflammatory 
conditions rather than initiate them, at least 
under short-term or specific dosage conditions. 
This phenomenon could be attributed to the 
intact epithelial barrier and local immune regu-
latory mechanisms (e.g., antimicrobial peptide 
secretion) in the normal prostate, which may 
resist alcohol-induced microbial translocation 
or inflammatory triggers. Additionally, the re- 
latively low activity of alcohol-metabolizing en- 
zymes in prostate tissue may result in slow- 
er local ethanol metabolism, thereby reducing 
the risk of direct tissue damage. Furthermore, 
the alcohol dosage/duration used in this stu- 
dy might not have reached the threshold re- 
quired to induce significant effects. Using 16S 
rRNA gene sequencing, we measured the pros-
tate microbial evenness, diversity, and compo-
sition. α-diversity and β-diversity analysis indi-
cated significant difference of prostate micro- 
biota in the EAP rats exposed to alcohol (EAP-
AL) compared to control, EAP only, and alcohol 
only groups. More than 1,300 prostate micro-
biota were identified in the EAP-AL rats, with 
EAP-AL microorganisms from a variety of gen-
era, including Streptomyces and Oscillospira. 
Microbiota was correlated with metabolic phe-
notype [31], and significant alternations we- 
re observed in microbiota related to pathways 
such as biosynthesis, utilization, degradation, 
assimilation, detoxification, generation of pre-
cursor metabolite and energy, glycan pathways, 
macromolecule modification, and metabolic 
clusters in the EAP-AL group. Additionally, al- 
cohol changed the composition of the prost- 
ate microbiota in metabolic pathways PWY- 
722 (anti-inflammatory response), PWY-5177 
(cell wall synthesis), PWY-6339 (energy metab-
olism), and PWY-6876 (lipid metabolism) in 
EAP-AL rats. These findings suggest that alco-
hol-induced microbiota alterations may contrib-

ute to the pathogenesis of prostatitis through 
multiple metabolic mechanisms.

Alcohol may promote inflammation and sup-
press the function of the immune system to ex- 
acerbate symptoms of prostatitis [32]. Alcohol 
Inflammatory mediators in the innate immune 
system distinguish microbes from themselves 
by identifying conservative microbial structu- 
res called PAMPs [33]. Interestingly, Inflamma- 
tory bodies were important components of mi- 
croorganisms, which may lead to the cleavage 
of precursor IL-1β into its active form IL-1β and 
promote inflammation [34]. IL-1β had been 
proven to be a key marker of CP/CPPS [35]. In 
our study, we found alcohol increased the in- 
flammation response in CP/CPPS rats, but the 
potential effect was not significant in control 
rats, which was consistent with previous re- 
ports [36]. To further investigate whether alco-
hol modulates the prostatic microbial commu-
nity and subsequently influences the inflamma-
tory status of CP/CPPS, we employed bioinfor- 
matics analysis to identify differentially abun-
dant microbes in CP/CPPS rats. We found th- 
at alcohol significantly altered the microbial di- 
versity in CP/CPPS rat models and disrupted 
the key metabolic pathways. These findings are 
consistent with studies showing that alcohol 
affects multiple metabolic pathways involved in 
inflammation [37]. Our research demonstrated 
that alcohol had not only impacted the PWY-
722 pathway (anti-inflammatory response) but 
also affected key pathways such as PWY-5177 
(associated with cell wall synthesis), PWY-6339 
(tightly linked to energy metabolism), and PWY-
6876 (involved in lipid metabolism). Disruptions 
of these metabolic pathways were closely asso-
ciated with changes in the host microbiome, 
highlighting the multifaceted mechanisms thr- 
ough which alcohol influences prostate health. 
These impaired metabolic pathways could ser- 
ve as potential biomarkers for monitoring and 
treating alcohol-related prostatitis. Moreover, 
we identified key microorganisms associated 
with these impaired metabolic pathways: St- 
reptomyces in PWY-722, Streptomyces, Osci- 
llospira, Pseudomonas, and unclassified-Bac-
teria in PWY-5177, Streptomyces, Lactobacillus, 
and unidentified-Clostridiale in PWY-6339, St- 
reptomyces and unclassified-Bacteria in PWY-
6876, revealing a critical role for microbes in 
this complex metabolic network.
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These key microbes and their metabolites may 
serve as novel biomarkers that could help im- 
prove the diagnostic and monitoring accuracy 
of alcohol-related prostatitis. Importantly, the- 
se key microbes and their interaction opened 
up the possibility for developing therapeutic str- 
ategies targeting these microbes, such as pro-
biotic supplementation, antibiotic-targeted the- 
rapy, or microbiome dietary interventions, whi- 
ch can be developed in the future, and these 
strategies may provide new treatment direc-
tions for alcohol-related prostatitis.

Our study has several limitations. The influen- 
ce of alcohol on prostate microbiota, while evi-
dent, may be understated due to the limited 
sample size. Moreover, while we observed met-
abolic disruptions and microbiota dysbiosis in 
prostatitis, the underlying molecular mecha-
nisms require further experimental validation. 
Expanding the sample size and conducting cli- 
nical studies will be essential to verify these 
findings. Furthermore, exploring the effects of 
varying alcohol dosages and exposure dura-
tions on prostatitis progression will provide a 
more comprehensive understanding.

In summary, our data showed that alcohol ex- 
acerbates the dysbiosis in prostate microbiota 
and alters metabolic phenotypes in EAP rats. 
Specifically, alcohol modulates the composition 
of the prostate microbiota in metabolic path-
ways such as anti-inflammatory response, en- 
ergy metabolism and lipid metabolism in EAP+ 
AL rats, potentially contributing to the patho-
logical mechanism of prostatitis. These insights 
may inform the development of targeted thera-
pies for CP/CPPS in individuals consuming 
alcohol.
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