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Abstract

Purpose
Intestinal microbiota disorders can aggravate pulmonary in�ammation during acute lung injury (ALI). Rhubarb, a
Chinese herb, can regulated the gut microbiota. Therefore, this study was conducted to test the hypothesis that rhubarb
alleviates gut microbiota dysbiosis and in�ammation.

Methods
Feces were collected from patients with ALI to detect the gut microbiota using 16S rDNA sequencing. Subsequently, a
mouse model of ALI was established using lipopolysaccharide to investigate changes in the gut microbiota, the
periperal blood was attained for detecting the Th17/Treg cell ratio and the serum level of HDAC6 and HDAC9, and the
effect of rhubarb treatment on the gut microbiota and Th17/Treg ratio were also evaluated.

Results
Both the Firmicutes phyla decreased and the Bacteroidetes increased were identi�ed in patients with ALI, which
induced the alternation of histone metabolites. The rat models also showed a similar imbalance in the
Firmicutes/Bacteroidetes ratio. Rhubarb treatment alleviated the damaged lung tissue, accelerated Alistipes,
Clostridiales and Lactobacillus proliferation, increased the level of HDAC6 in both the mice lung tissue and serum, and
markedly reduced the Treg cells and increased the Th17 cells in the spleen tissue.

Conclusion
we determined that both patients and mouse models presented gut microbiota dysbiosis and Th17/Treg cell
imbalances. Rhubarb promoted Alistipes, Clostridiales and Lactobacillus proliferation, increased the HDAC6
concentration, restored the Th17/Treg cell balance, and protected against ALI.

1. Introduction
The lungs are the most vulnerable target organ and are usually damaged early during sepsis and pulmonary injuries.
Acute lung injury (ALI) and its more severe clinical manifestation, acute respiratory distress syndrome (ARDS), are
common responses to various infectious and noninfectious etiologies, including severe sepsis, pneumonia, lung
abscesses and severe acute pancreatitis, and can lead to uncontrollable in�ammation with a cascade effect (Gotts JE
and Matthay MA 2014). Progressive hypoxemia and respiratory distress syndrome are common clinical manifestations
in patients with ALI. Despite the development of various therapeutic techniques, the mortality rate from ARDS can
reach 70–90% (Calfee et al. 2007). In 2005, the incidence of ALI increased to 306 per 100,000 person-years for people
aged 75–84 years in the United States (Rubenfeld et al. 2005).

The human body contains numerous micro�ora, equaling ~ 10 times the number of human cells. A “healthy gut
microbiota” comprises a diverse range of intestinal microorganisms, which depend on host and environmental
interactions (Sommer et al. 2017). A healthy microbiota protects against dysbiosis-related diseases, such as allergic
sensitization, eczema, and asthma (Zimmermann et al. 2019). In patients with ALI/ARDS, the intestinal microbiota are
thought to be disordered and aggravate in�ammation in the lungs (Souza et al. 2004; Li et al. 2014; Sze et al. 2014).
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Increasing evidence indicates that a Th17/Treg cell imbalance is related to the development of several disorders, and
patients with ALI exhibit increased Th17 cells (Yu et al. 2015). A healthy gut microbiota and its metabolites contribute
to regulating the Th17/Treg cell balance via epigenetic mechanisms (Luo et al. 2017). Luo et al (2019) showed that
regulating the intestinal microbiota dysbiosis increased the short-chain fatty acid (SCFA) levels and restored the
Th17/Treg cell balance. Therefore, alterations in speci�c gut microorganisms and the effect of metabolites on the
Th17/Treg cell imbalance and in�ammation during LPS-induced ALI should be explored.

Rhubarb, a traditional herb with various pharmacological activities, palying anti-in�ammatory effects, reduces
intestinal permeability and bacterial translocation, and modulates gut microbiota dysbiosis (Huang et al. 2019). In the
gut, rhubarb supplementation improved intestinal ecosystem disorders and induced antimicrobial peptide expression
(Wang et al. 2017). Rhubarb also attenuated intestinal microbiota dysbiosis, relieved intestinal mucosal barrier
damage, and inhibited intestinal in�ammatory responses during acute pancreatitis (Yao et al. 2015). Therefore,
rhubarb regulated the gut microbiota and protected against ALI. Emodin, extracted from rhubarb, has shown anti-
in�ammatory properties for treating pancreatitis, atherosclerosis, asthma, and ALI (Xia et al. 2019; Song et al. 2018;
Xiao et al. 2014). Xiao et al (2014) indicated that emodin relieved pulmonary edema and MCP-1 and E-selectin
secretions and inhibited LPS-induced pulmonary damage. Furthermore, emodin was shown to alter the gut microbiota
structure, reduce the number of harmful bacteria, increase the number of bene�cial bacteria, and ameliorate chronic
kidney disease (Zeng et al. 2016). However, few published studies have explored the effect of rhubarb on the gut
microbiota and in�ammation during ALI development.

We hypothesized that rhubarb can alleviate intestinal micro�ora disorders and in�ammation during ALI. To test this
hypothesis, we evaluated gut microbiota dysbiosis in patients with ALI. We also used a mouse model of ALI induced by
intratracheal administration of LPS to investigate changes in the intestinal microbiota and the Th17/Treg cell ratio. We
also explored the effect of rhubarb on the gut microbiota and in�ammation.

2. Methods

2.1 Subjects and protocol
Consecutive patients were considered eligible if they met the Berlin de�nition of ALI/ARDS (ARDS De�nition Task Force
et al. 2012): 1) acute onset; 2) oxygenation index (pressure partial pressure of oxygen (PaO2)/fraction of inspiration
oxygen (FiO2) < 200 mmHg to ≤ 300 mmHg (1 mmHg = 0.133 kPa); 3) chest imaging showing patchy shadows in both
lungs; and 4) pulmonary arterial entrapment pressure ≤ 18 mmHg or no clinical evidence of increasing left atrial
pressure.

2.2 Exclusion criteria
Exclusion criteria were 1) less than 18 years old; 2) rapid progression to ARDS; 3) acute left heart failure or cardiogenic
pulmonary edema; 4) patients with related intestinal diseases, such as ulcerative colitis and irritable bowel syndrome;
5) patients who had taken probiotics, antibiotics or immunosuppressants within the previous 2 weeks; and 6) tumors,
diabetes, liver or kidney dysfunction, connective tissue disease, or other in�ammatory diseases that may affect the
Th17/Treg cell ratio and intestinal �ora imbalance. Finally, eleven patients who met the inclusion criteria were recruited
into the study. Twenty-�ve age- and sex-matched healthy volunteers with no history of chronic disease served as
controls. All subjects provided written informed consent. The Ethics Committee of Zhejiang Hospital approved the
study, which was conducted according to the 1975 Declaration of Helsinki (as revised in 1983).

2.3 Blood collection and analysis



Page 4/20

Feces were collected from each subject in the morning and stored at − 70 °C until used. Tubes with heparin or
ethylenediamine tetraacetate acid (EDTA) were used to collect the peripheral blood, and serum was obtained after
centrifugation and stored at − 70 °C for subsequent analyses. Blood gas analysis and white blood cell counts,
neutrophils and C-reactive protein (CRP) were immediately tested in the clinical chemistry laboratory of Zhejiang
Hospital.

2.4 ALI induction and intervention
C57BL/6 mice (Shanghai Slake Experimental Animal Co., Ltd., Shanghai, China) were obtained and housed at 20 °C–
26 °C and 40–70% humidity. The ALI model was established via intratracheal instillation of LPS; the control group was
instilled with the same amount of normal saline. The mice were randomly divided into the ALI, control, low-dose
rhubarb (50 mg/kg), high-dose rhubarb (150 mg/kg), trichostatin A (TSA, 1 mg/kg), and valproic acid (VPA, 200 mg/kg)
groups. The treatments were administered once daily for 5 days; the ALI and control groups received the same amount
of normal saline via gavage. All experimental protocols were also approved by the Ethics Committee of Zhejiang
Hospital. All methods were performed in accordance with the relevant guidelines and regulations.

2.5 Sample collection
The mice were sacri�ced by cervical dislocation. Peripheral blood, lung tissue, spleen tissue and fecal samples were
collected for subsequent analyses.

2.6 Histopathology
Lung tissues were �xed with 4% paraformaldehyde for 24 h, dehydrated, routinely processed, and embedded in
para�n. The tissues were sectioned at 5-µm thick and stained with hematoxylin and eosin (HE) to analyze the
pathological damage to the lung tissues.

2.7 Enzyme-linked immunosorbent assay (ELISA)
The lung tissue was ground and diluted 5 times with phosphate-buffered saline, then the lung tissue and peripheral
blood were centrifuged at 3000 rpm for 15 min and stored at − 70 °C for detection. ELISA kits (CUSABIO, Wuhan, China)
were used per the manufacturer’s instructions to quantify the levels of histone deacetylation (HDAC)6 and HDAC9 in
the serum and lung tissue.

2.8 Flow cytometry assay
Lymphocytes were collected from the spleen and peripheral blood, then stained with FITC-conjugated anti-CD4
(ebioscience, 11-0042-82, USA) and PE-conjugated anti-FOXP3 (ebioscience, 12-5773-82), and the number of CD4+

FOXP3+ Treg cells was detected via �ow cytometry assays. After staining the cells with FITC-conjugated anti-CD4
(ebioscience, 11-0042-82) and PE-IL-17A (ebioscience, 12-7177-81), the number of CD4+ IL-17+ Th17 cells was also
detected via �ow cytometry assays. Flow cytometry analysis was performed on a FACSCalibur �ow cytometer (BD
Biosciences, San Jose, CA, USA) equipped with CellQuest software (BD Biosciences).

2.9 Fecal bacterial DNA extraction and 16S rDNA sequencing
The QIAamp DNA Stool Mini kit (Qiagen, Hilden, Germany) was used to extract fecal bacterial DNA per the
manufacturer’s protocols. The V3–V4 hypervariable regions of the quali�ed bacterial 16S rDNA were ampli�ed via PCR
using the GeneAmp PCR System 9700 (ABI Co., USA). The primers (upstream primer: 5′-CTACGGGNGGCWGCAG-3′;
downstream primer: 5′-GACTACHVGGGTWTCTAAT-3′) were synthesized by Sangon Biotech (Shanghai, China). PCR
was performed in 5-µl volumes containing 0.1 units of Taq polymerase (Qiagen, Hilden, Germany), 10 ng of whole-
genome-ampli�ed genomic DNA, 2.5 pmol of each PCR primer, and 2.5 pmol of dNTP. The processing cycle was as
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follows: predenaturation at 95 °C for 5 min, denaturation at 95 °C for 30 s, renaturation at 58 °C for 15 s, and extension
at 72 °C for 1 min. The entire process was repeated for 40 cycles, followed by a �nal extension step at 72 °C for 10 min.
The QIAquick PCR puri�cation kit (Qiagen, Hilden, Germany) was used to recover and purify the PCR products, which
were sequenced by Illumina MiSeq PE300 (Illumina, San Diego, CA, USA).

2.10 Bioinformatics analysis of the gut microbiota
After sequence alignment analysis using Usearch software, all sequences were clustered into operational taxonomic
units (OTUs) according to 97% similarity. Metabolic pathways were used to explore the relationship between the
intestinal micro�ora and metabolism using PICRUSt analysis. The α-diversity indices were used to evaluate the gut
microbial community diversity and abundance. Principal coordinate analysis based on Bray-Curtis distance and
UniFrac analysis was performed to compare the global microbiota composition in each group. The relative species
composition abundances at the phylum, class, order, family and genus levels among groups were demonstrated in
barplots, taxon assignment trees and a heatmap. Differential taxonomic features among groups were obtained using
linear discriminant analysis (LDA) effect size (LEfSe) to identify taxonomic features that differed among groups. The
top 15 species were used to construct the Spearman correlation heatmap using the Corrplot package of R software.

2.11 Statistical analysis

Statistical analyses were performed in R24 and GraphPad Prism 5.0 (GraphPad Software Inc., La Jolla, CA, USA). Data
are presented as the mean ± SD. Differences within groups were analyzed using t-tests, variance analysis was used for
continuous variables, and chi-square tests were used for categorical variables. Signi�cance was de�ned as p < 0.05.

3. Results

3.1 Participants’ basic clinical characteristics
Table 1 shows the participants’ basic clinical characteristics. 11 patients with ALI and 25 healthy subjects were
included in the study. The mean age of the patients with ALI was 65.5 ± 14.85 years; the mean age of the control group
was 60.42 ± 11.35 years. The partial pressure of oxygen (PaO2), partial pressure of carbon dioxide (PaCO2),
PaO2/FiO2 and CRP of the ALI patients differed signi�cantly from those of the control group (all p < 0.05).

3.2 Intestinal �ora sequencing in the ALI patients
More than 40,000 sequences were obtained via Illumina MiSeq PE300 sequencing with an integrity ≥ 86.13% (Fig. 1A).
After sequence alignment analysis using Usearch software to remove low-quality sequences, 692 OTUs were obtained
with 97% similarity. The 100 richest representative OTU sequences were used to build the phylogenetic tree using
Muscle and FastTree software (Fig. 1B).

The species distribution differences were analyzed in the gut microbiotas between the ALI patients and healthy
controls. Firmicutes and Bacteroidetes were the most abundant, with a proportion of 90%. Firmicutes was signi�cantly
reduced and Bacteroidetes was markedly elevated in patients with ALI. At the phylum level, the percentages of
Firmicutes and Bacteroidetes were 49.39% and 38.07% in the ALI patients and 64.57% and 26.34% in the controls,
respectively. At the class and order levels, the percentages of Firmicutes and Bacteroidetes were 41.81% and 38.06% in
the ALI patients and 52.58% and 26.33% in the controls, respectively (Fig. 2A, 2B, 2C). Thus, ALI inhibited Firmicutes
and promoted Bacteroidetes.
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3.3 Associations between signaling pathways and the intestinal
microbiota in ALI patients
A Phylogenetic Investigation of Communities by Reconstruction of Unobserved States (PICRUSt) analysis to evaluate
the relationship between the gut microbiota and metabolism in patients with ALI. Three-layer analyses were performed
according to the hierarchical relationship of the signaling pathway. The �rst layer demonstrated that gut microbiota
alterations were related to metabolism in ALI patients (Fig. 3A). Further analysis revealed a correlation between the
intestinal microbiota and amino acid metabolites (Fig. 3B). The third-layer analysis indicated that histone metabolites
were altered in ALI patients (Fig. 3C). Thus, changes in the intestinal �ora affected histone metabolism in patients with
ALI.

3.4 Animal model of ALI

3.4.1 LPS-induced ALI model
To verify the clinical results, a mouse model of ALI was induced by instilling varying LPS concentrations. Pathological
damage to the lungs was evaluated via HE staining. HE staining indicated that increasing LPS concentrations
aggravated the degree of lung injury (Fig. 4A). The ALI model induced with 3 mg/L of LPS was used in subsequent
experiments. Rhubarb treatment markedly attenuated the lung tissue damage (Fig. 4B).

3.4.2 Effect of rhubarb on the gut microbiota
A Venn diagram was used to analyze the similarities and differences in OTUs among groups. Twenty-one OTUs were
common among the six groups, and each group had its own unique OTUs (Fig. 5A). According to the sample number
and species OTUs, the species accumulation curve was performed to evaluate the species richness for all samples, the
curve had reached a plateau (Fig. 5B), which indicated that the sample in our study was relatively large enough to
re�ect the species abundance. Subsequently, we compared the α-diversity of microbiota using the observed species
and found that diversity and abundance of gut microbiota decreased after intervention (Fig. 5C). β-diversity analysis
showed that the control group species differed markedly from those of the other groups (Fig. 5D–5E).

The top 20 species with the highest abundance were selected to analyze the distribution differences at the level of
phylum, class, order, family and genus (Fig. 6A–6C), taxon assignments (Fig. 6D) and heatmaps (Fig. 6E) were used to
demonstrate the relative abundances in the microbiota. The gut microbiome consisted largely of Firmicutes,
Bacteroidetes, Proteobacteria, and Tenericutes, of which, Firmicutes and Bacteroidetes accounted for 85% of the total
bacteria. At the class and order levels, Bacteroidia and Clostridia were prevalent, accounting for most of the microbiota.
Bacteroides and Lactobacillus were the most abundant genera. Interestingly, the alternation of
Firmicutes/Bacteroidetes ratio in the animal models was consistent with the results of the clinical study. In addition,
the low-concentration rhubarb treatment repressed Anaeroplasmatales and did not signi�cantly affect the
Lactobacillus or Clostridiales abundances. Increasing the rhubarb concentration effectively promoted Lactobacillus
proliferation. These results indicated that rhubarb treatment attenuated the gut microbiota dysbiosis in mice with ALI.

LEfSe analysis was used to screen the bacteria that differed among groups at the genus level. The top 15 bacteria
were included in the relative analysis of Firmicutes and Bacteroidetes phyla. The Firmicutes phyla included Alistipes,
Roseburia, Acetobacter, Clostridium, Oscillibacter, Intestimonas, Butyricicoccus, and Lactobacillus. The Bacteroidetes
phyla included Bacteroides and Parabacteroides (Fig. 7A–7E). Firmicutes and Bacteroidetes were negatively correlated
at different levels and positively correlated within the same phylum. Treatment with low-concentration rhubarb
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promoted Alistipes growth, which contributed to the growth of sclerenchymal cells and inhibited Bacteroides growth in
mouse. High-concentration rhubarb promoted Intestinimonas growth, which contributed to Clostridiales and
Lactobacillus proliferation and inhibited Bacteroides proliferation (Fig. 7F), suggested that treatment with high-
concentration rhubarb inhibited Bacteroides growth by promoting Clostridiales and Lactobacillus elevation in mice with
ALI.

3.4.3 Effect of rhubarb on HDAC and Th17/Treg ratios
Peripheral blood and lung tissue were used to detect the effect of rhubarb on HDAC6 and HDAC9. High-concentration
rhubarb signi�cantly increased the HDAC6 in both the lung tissue and serum (Fig. 8A, 8B, 8C) but did not affect the
HDAC9 concentration (Fig. 8D, 8E, 8F), indicating that the elevated HDAC6 occurred after the rhubarb treatment. The
Th17/Treg cell ratio was calculated to further evaluate the effect of rhubarb on HDAC6 acetylation function. Peripheral
blood and spleen lymphocytes were collected to calculate the Treg cells via �ow cytometry. The number of Treg cells in
the peripheral lymphocytes was opposite that in spleen (Fig. 9A). These results indicated that numerous Treg cells were
produced in the spleen to replenish the Treg cells consumed in the peripheral blood during ALI. Because of the
lymphocyte shortage in the peripheral blood, the spleen was used to detect Treg cells in the next experiment. The
number of Th17/Treg cells was calculated via �ow cytometry after treatment (Fig. 9B). The Treg cells were signi�cantly
reduced (**p < 0.01; Fig. 9C), and the Th17 cells were signi�cantly increased after rhubarb treatment (*p < 0.05; Fig. 9D).
Thus, rhubarb restored Th17/Treg cell ratios by increasing HDAC6 levels and exerting anti-in�ammatory effects.

4. Discussion
The present research demonstrated that LPS-induced ALI led to a disproportionate Firmicutes/Bacteroidetes ratio with
increased Bacteroidetes and decreased Firmicutes in the gut microbiota. Rhubarb treatment in mice alleviated gut
microbiota dysbiosis, promoted Alistipes, Clostridiales and Lactobacillus proliferation, and also increased HDAC
functioning, induced Th17 cells to differentiate and mature, and exerted anti-in�ammatory functions.

The gut microbiota is not typically altered in healthy individuals but can be affected by various disorders. Human
microbiome plan have explored the differences in structure and abundance of the intestinal micro�ora under healthy
and disease conditions to identify the role of the gut microbiota during disease development. Dysbiosis in the gut
micro�ora also occurs in many disorders (Xia et al. 2019; Song et al. 2018; Xiao et al. 2014). ALI activated the systemic
in�ammatory response and secretion of in�ammatory mediators, leading to intestinal mucosal barrier damage and
intestinal bacterial translocation, which affected the intestinal �ora diversity and abundance. We investigated the
micro�ora characteristics in fecal matter from humans and mouse using 16S rDNA sequencing and found signi�cant
differences in the species and their distributions between ALI patients and controls. The results showed higher
Bacteroidetes abundances in the ALI patients than in the control group. Compared with the control group mice, the
model group mice had an increased abundance of Bacteroidetes and decreased Firmicutes richness. The
Firmicutes/Bacteroidetes ratio plays a key regulatory role in ALI, this regulation was positively correlated among similar
phyla and negatively correlated among different phyla. These data were consistent with those of previous studies on
intestinal microbiota alterations in animal models of ALI. Li et al (2014) found decreased Firmicutes in LPS-induced
ALI models. Sze et al (2014) demonstrated that instilling LPS in the lungs led to acute changes in the cecal bacterial
microbiota. Therefore, dysbiosis of the gut microbiota with the imbalance of Firmicutes/Bacteroidetes may induce
in�ammation during ALI.

As we known, SCFAs, gut microbiota-derived bacterial products, regulate the size and function of Treg cells, affect the
Th17/Treg cell ratio, and maintain the balance between pro- and anti-in�ammatory factors (Smith et al. 2013; Arpaia et
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al. 2013). Several species strains, such as Alistipes, Clostridium, Bi�dobacterium, Butyricicoccus and Lactobacillus,
which are important sources of SCFAs. Rhubarb treatment effectively repaired the intestinal mucosal barrier and
increased the abundances of Bi�dobacterium and Lactobacillus. Neyrinck et al (2017) found that rhubarb extract
restored the intestinal microbial ecosystem during alcohol-induced hepatic injury. A extracts from rhubarb ameliorated
gut microbiota dysbiosis, with an increase in probiotic Lactobacillus and other SCFA-producing species. Consistent
with previous reports, the present study demonstrated that rhubarb supplementation contributed to Firmicutes
proliferation and increased Alistipes, Clostridiales and Lactobacillus, and attenuated the gut microbiota dysbiosis, and
play anti-in�ammation effect. Both Alistipes and Lactobacillus are SCFA-producing bacterium that is thought to be
related to the health status of individuals, to promote the Treg cell and have an anti-in�ammatory effect, Liu et al
(2020) study also revealed that the abundances of Alistipes decreased during in�ammatory status. Clostridiales, as a
probiotic strains, Li et al (2012) also indicated that supplement Clostridum increased the percentage and total number
of Tregs and attenuated the in�ammation induced by allergen.

TSA can inhibit HDAC and induce histone H3 acetylation of the FOXP3 gene promoter in Treg cells, which restores the
Th17/Treg cell balance (Tao et al. 2007). A published study revealed that inhibiting HDAC6 blocked NF-ĸB activation
by inhibiting IĸB phosphorylation after an LPS challenge and alleviated LPS-induced acute lung in�ammation (Liu et
al. 2019). Conversely, several papers have drawn opposite conclusions. Menden et al (2019) indicated that HDAC6
inhibition augmented LPS-induced acute lung in�ammation. The imbalance in peripheral circulating Th17 and Treg cell
frequencies gradually increased from mild to severe in ARDS patients, and a positively correlated with disease severity.
Zhang et al (2016) reported that the Th17/Treg cell ratio in bronchiolar lavage �uid was higher after ALI induced by
smoke inhalation. The results of Zhang’s study were inconsistent with our results; we found that the HDAC6
concentration was elevated in both the lung tissue and serum, and the Th17/Treg ratio was decreased in the spleen in
LPS-induced ALI. Rhubarb treatment increased the HDAC6 levels in the lung tissue and serum, thus reducing the Treg
cells, increasing the Th17 cells, and restoring the Th17/Treg cell balance in the spleen. Several points accounted for the
discrepancies in these results. To counteract the in�ammation, Treg cells were consumed in the peripheral blood, then
reproduced in the spleen to replenish the consumed cells. Rhubarb treatment attenuated the intestinal microbiota
disorder and elevated the HDAC6 levels, which induced Th17 cell production and restored the splenic Th17/Treg cell
balance.

A limitation of this study was that only 11 ALI patients were included, which may have increased the chance of bias.
Second, we did not provide probiotics against the gut microbiota dysbiosis. Third, no SCFAs were detected in the
present study. Future research should further explore the function of metabolic products in the gut microbiota and the
effect of probiotics on in�ammation in LPS-induced ALI.

Conclusion
The current study showed that ALI with intestinal micro�ora dysbiosis presented reduced Firmicutes and elevated
Bacteroidetes in both human patients and ALI-induced mice, leading to a Th17/Treg cell imbalance and aggravated
in�ammation. Rhubarb played an anti-in�ammatory role by contributing to Alistipes, Clostridiales and Lactobacillus
proliferation.

Abbreviations
ALI=Acute lung injury, ARDS=Acute respiratory distress syndrome, SCFA=Short-chain fatty acid, EDTA=Ethylenediamine
tetraacetate acid, CRP= C-reactive protein, TSA= Trichostatin A, VPA=Valproic acid, HE=Hematoxylin and eosin,
ELISA=Enzyme-linked immunosorbent assay, HDAC=Histone deacetylation, PaO2=partial pressure of oxygen,
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PaCO2=partial pressure of carbon dioxide, FiO2=fraction of inspiration oxygen, WBC=white blood cell, NE=neutrophil,
KEGG=Kyoto Encyclopedia of Genes and Genomes.
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Figures

Figure 1
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More than 40,000 sequences with ≥86.13% integrity were obtained via Illumina MiSeq PE300 sequencing (A).
Phylogenetic tree showing evolutionary relationships among species (B).

Figure 2

Percentages of Firmicutes/Bacteroidetes at the phylum, class and order levels in ALI patients and controls by pie
charts (A), bubble charts (B), and heatmaps (C).
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Figure 3

Association between the gut microbiota and metabolism in ALI patients (A). Correlation between the intestinal
microbiota and amino acid metabolites (B). Gut micro�ora alterations associated with histone metabolites (C).
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Figure 4

ALI model was established by different concentration of LPS, the degree of lung injury aggravated with the increasing
of LPS concentration (Fig 4A). After rhubarb or other intervention, the damage of lung tissue was remarkable improved
(Fig 4B).
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Figure 5

Venn diagram was used to analyze the similarities and differences in OTUs among groups (A). The species
accumulation curve (B). The observed species indicated that diversity and abundance of gut microbiota decreased
after intervention (C). β-diversity analysis showed that the control group species differed markedly from those of the
other groups (D–E).
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Figure 6

Barplots of the phylum, class, order, family and genus levels (A–B), species abundance cluster (C), taxon assignment
tree (D) and heatmap (E) demonstrating the relative abundances of microorganisms at different levels among groups.
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Figure 7

Cladogram used to screen the bacteria that differed markedly among groups (A). LEfSe analysis was used to screen
the bacteria that differed among groups at the genus level (B). Heatmap (C), box plot (D) and scatter plot (E)
demonstrating signi�cantly different species between groups. Top 15 species selected to analyze correlations at the
genus level. Bacteroidetes (red frame) included Bacteroides and Parabacteroides; Firmicutes (green frame) contained
Roseburia, Acetobacter, Clostridium, Oscillibacter, Intestimonas, Butyricicoccus and Lactobacillus (F).
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Figure 8

After high dose rhubarb treatment, the level of HDAC6 was signi�cantly higher than other groups from lung tissue (*p <
0.05) (Fig 8A). Compared with control group, the level of HDAC6 in all groups was higher in the peripheral blood serum
(*p < 0.05) (Fig 8B). HDAC6 test standard curve (Fig 8C). Whether peripheral blood or lung tissue, no change was
identi�ed in HDAC9 activity (Fig 8D, 8E). HDAC9 test standard curve (Fig 8F).
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Figure 9

Flow cytometry was used to detect the percentages of Treg cells in the peripheral blood and spleen tissues. Treg cells
were decreased in the peripheral blood and increased in the spleen tissue. Because few Treg cells were concentrated in
the peripheral blood, the spleen tissue was used to detect the Treg/Th17 percentage in subsequent experiments (A).
Th17 and Treg cell numbers were determined via �ow cytometry from spleen tissue (B). Treg cells were signi�cantly
reduced (C) (**p<0.01), and Th17 cells were signi�cantly increased after rhubarb treatments (D) (*p<0.05).


