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Background and Objective: To observe the effect of Xijiao Dihuang Decoction
(XJDHT) on lung injury of sepsis mice with lipidomic analysis, and explore the
underlying mechanisms.

Materials and Methods: C57BL/6 mice were induced sepsis by lipopolysaccharide
(LPS) administration. Animals are pretreated with XJDHT 2 days before LPS
regimen, then continue treatment for addition 3 days. Lung tissue are collected for
lipidomic analysis by LC/MS/MS. The survival rate is monitor after treatment.
Results: After treatment with XJDHT, the histological changes of lung of the sepsis
mice were relieved. The lipidomic profiles of the lung in sepsis group were evidently
disordered when compared to the control group. A total of 40 significantly differential
lipids expression between the sepsis-control groups were identified by multivariate

statistical analysis. Septic lung injury may result from such lipid disorders, which are
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related to fatty acyls metabolism, glycerophospholipid  metabolism,
phosphosphingolipids metabolism and glycerides metabolism. After XJDHT treatment,
the lipidomic profiles of the disorders tend towards alleviated when compared to the
sepsis group. Twelve lipid molecules were identified and some glycerophospholipids
levels returned close to the normal level.

Conclusion: Glycerophospholipid metabolism may play an important role in the
treatment of septic lung injury using XJDHT.

Keywords: Sepsis, XJDHT, LC-MS, mice, lung, lipidomics

Background
Sepsis is a complex disease that usually accompanied with organ dysfunction due to
a serious infection [1, 2]. It is associated with high rates of incidence and mortality

worldwide. Although using advanced medical technologies, mortality of sepsis has
gradually decreased, but it is still not satisfied. About 50% of patients with sepsis
develop acute lung injury (ALI) and acute respiratory distress syndrome (ARDS) that

increase the mortality up to 34-45% [3-5]. If Chinese traditional medicine and western
therapeutics combination therapy can be taken in time, it will reduce the patient stayed
in ICU, shorten treatment time, and suppressed disease progression [6].

Li et al. has interpreted sepsis in traditional Chinese medicine as “dysregulating host
response to infection” and defined it with syndrome of “Du Re-Zheng” (Toxic-heat),
which is the program of “Qi-Feng” (Qi stage) deregulation, follow by “Xue-Feng”,
subsequently developing “Xue Yu-Zheng” (Blood stasis syndrome). “Du Re-Zheng” is
complex and susceptible to further develop acute deficiency syndrome including

multiple organ dysfunction syndrome (MODS) [7]. As internal heat toxin is presented
2
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throughout entire sepsis progress [8], clearing heat and detoxifying (Qing Re Jie Du)
have been reported to ameliorate ALI induced by sepsis.

Xi Jiao Di Huang Decoction (XJDHT) was first recorded by Sun Simiao in “Beiji
Qianjin Yao Fang”. It has been used for treatment of Warm Heat from exogenous
contraction and blood disease in ancient period. Nowadays, it is used extensively for
the treatment of miscellaneous disease in different departments. This is especially the
case in acute and severe diseases, such as sepsis. Previous study found that XJDHT
suppressed aerobic glycolysis to improve sepsis outcomes through the regulation of
TLR4/HIF-1o/PKM2 signaling pathway [9]. Oral administration of XJDHD
significantly protected acute liver injury in mice induced by lipopolysaccharide [10].
Recently, correlation between lipid metabolism disorders and various diseases has been
received attention. These disorders include cancer, metabolic syndrome,
neurological disorder and sepsis. Disruption of lipid metabolism, such as
hypertriglyceridemia, decreased high density lipoprotein and low density
lipoprotein cholesterol, has been found in septic patients [11]. Similar alteration of
lipoprotein may appear in patients of systemic inflammatory response induced by
lipopolysaccharide. This phenomenon appears to be linked to disease severity [12].
Lipidomics is a kind of high-throughput technology for the analysis of lipid
composition and changes in expression within living organisms to elucidate the
mechanisms likely exist [13]. Present study, we will reveal the underlying mechanism
of XJDHT on sepsis mice using lipidomic technology and elucidated the potential

therapeutic for sepsis.
Methods and Materials

Chemicals

Lipopolysaccharide (LPS, L2630, Escherichia coli serotype O111:B4) were obtained
3
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from Sigma. Ultra performance liquid chromatography (UHPLC) Nexera LC-30A Ultra
High Performance Liquid was from Shimadzu (Kyoto, Japan). Acetonitrile,
Isopropanol, MS-grade methanol, MS-grade acetonitrile, HPLC-grade 2-propanol and
methanol were purchased from Thermo Fisher (MA, USA). HPLC-grade formic acid
and HPLC-grade ammonium formate were purchase from Sigma (MO, USA). 4%
paraformaldehyde solution and Servicebio® Electron microscope fixation was
purchased from Servicebio Company (Wuhan, China).

XJDHT extract preparation

Mixture of crude drugs, 30 g BUBALI CORNU (Shui-Niu -Jiao, the horn of Bubalus
bubalis Linnaeus) , 24 g Rehmannia glutinosa (Gaertn.) DC. (Di-Huang) , 12 g Paconia
anomala L (Shao-Yao) , and 9 g Paeonia x suffruticosa Andrews Cortex (Mu-Dan-
Pi) , obtained from The People’s Hospital of Fujian Traditional Medical University
(Fujian, China), was soaked in 10 volumes water for 0.5 h and refluxed for 2 h. Liquid
extract was saved and residue was refluxed with 8 volumes water for addition 1 h.
Combined liquid was filtered through 0.2 um filter and the filtrations were concentrated
in a vacuum evaporator to produce XJDHT extract with concentration of 3 g/ml.
XJDHT extract was aliquoted and stored at -80°C.

UHPLC fingerprint analysis of the XJDHT

An ACQUITY UHPLC I-Class system coupled with a Xevo XS quadrupole time of
flight mass spectrometer (Waters, Milford, MA, USA) was used for characterization of
chemical components in XJDHT formulae fingerprint. Chromatographic separation

was carried out at 40 °C on a Waters CORTECS C18 column (2.1 mm x 100 mm; 1.6
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um), with 0.1% of formic acid in water as mobile phase A and acetonitrile as mobile
phase B. Gradient elution was performed as follows: 5%—5% B for 0-0.5 min, 5%—15%
B for 0.5-2.5 min, 15%-35% B for 2.5-4.5 min, 35%-35% B for 4.5-5.0 min, 35%—
53% B for 4.5-6.4 min, and 53%-80% B at 6.5-7.5 min. The flow rate was 0.25
mL/min. The mass-spectrometry conditions were optimized as follows: ESI negative
mode, desolvent gas temperature, 500 °C; capillary voltage, 2.5 kV; source temperature,
150 °C; desolvent gas flow, 800 L/h; and cone gas flow, 50 L/h. The MS scan range
was m/z 50-1000, and the collision energy was set at 20-50 eV.

Animals

143 female C57BL/6 mice, age 6-8 weeks, were purchase from Shanghai SLAC
Laboratory Animal Co., Ltd (Animal licenses: SCXK (Shanghai) 2017-0005, China).
Animals were housed in the facility with temperature 20-22°C and constant humidity
45-60% under 12/12 hours light/dark cycle. Food and tap water were provided ad
libitum.

Animal study

Animals were habituated for 7 days before experiments, then randomly divided into
three groups: control group (CP group, n=20), model group (SP group, n=62), XJDHT
group (XP group, n=61). For sepsis model, animals were either intraperitoneally (i.p.)
injected LPS at the dose of 25 mg/kg (SP group and XP group) or saline (CP group).
XP group animals were pretreated with 9.45g/kg XJDHT extract gavage (g.v.) twice
daily (BID) for 2 days before LPS challenge, following continue treatment for

additional 3 days, while animals of SP group and CP group were received same volume
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of saline during same period. 22 animals from SP and 21animals from XP group were
monitored for survival rate. 10 animals from each group were anesthetized and
sacrificed by decapitation after 5-days treatment, lung tissue was harvested for further
analysis.

Histology

Optical microscopy observation

Animals were sacrificed, lung tissue were removed and fixed in 4% paraformaldehyde
(PFA) solution overnight at 4 °C. 10 um tissue sections were sliced with cryostat and
stained with hematoxylin and eosin (H&E). The pictures were captured under
microscope (Nikon Eclipse E100, Japan).

Transmission electron microscopy (TEM) observation

Less than 1 mm % 1 mm x 1 mm lung tissue were collected and fixed with Servicebio®
Electron microscope fixation, then rinse with 0.1M phosphate buffer Pb (pH7.4) and
post-fix monolayer in 1% osmic acid-0.1M phosphate buffer Pb (pH7.4) at room
temperature (20 °C) for 2 hours and dehydrated with a graded series of alcohol. And
then the tissue was permeated overnight with a 1:1 mixture of acetone and 812
embedding agents and polymerized in a 60°C oven overnight. Ultrathin sections were
processed and Morphology was observed by transmission electron microscopy
(HT7700, HITACHI, Japan).

Tissue lipid extraction

Lung tissue were removed, quickly cryopreserved in liquid nitrogen, and stored at -

80°C for lipomics analysis. Lipids were extracted according to MTBE method [14].
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Briefly, tissues were cut in small pieces, spiked with appropriate amount of internal
lipid standards, then homogenized with 440 pL water/methanol (5:6) solution. 800 pL.
MTBE was added, sonicated for 20min at 4°C with ultrasound, and incubated for 30
min at room temperature. The upper layer was harvested after centrifugation with 14000
g for 15min at 10°C and dried under nitrogen.

LC-MS/MS lipid analysis

The lipid was resuspended in 200 pL. 90% isopropanol/acetonitrile, centrifuged at
14000 g for 15 min, and collected with liquid layer. 3 uL of sample was injected for
lipid panel analysis with CSH C18 column (1.7 pm, 2.1 mm x 100 mm) using LC-
MS/MS (UHPLC Nexera LC-30A, SHIMADZU). Reverse phase chromatography
mode was selected, solvent A was comprised of 0.1% formic acid and 0.1mM
ammonium formate in acetonitrile—water (6:4, v/v) and solvent B was comprised of
0.1% formic acid and 0.1mM ammonium formate in acetonitrile—isopropanol (1:9, v/v).
The initial mobile phase was 30% solvent B at a flow rate of 300 puL/min. It was held
for 2 min, and then linearly increased to 100% solvent B in 23 min, followed by
equilibrating at 5% solvent B for 10 min. Mass spectra was acquired by Q-Exactive
Plus in positive and negative mode, respectively. ESI parameters were optimized and
preset for all measurements as follows: Source temperature was set at 300 °C, Capillary
Temp was set at 350 °C, the ion spray voltage was set at 3000V, S-Lens RF Level was
set at 50% and the scan range of the instruments was set at m/z 200-1800. Lipid
compounds were identified using LipidSearch™ software, which contains more than

30 lipid classes and more than 1,500,000 fragment ions in the database. Both mass
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tolerance for precursor and fragment were set to 5 ppm.

Statistics

Survival rate were analyzed using SPSS 19.0 statistical software (SPSS, Chicago, USA).
One-way ANOVA followed by the Bartlett's test was performed using GraphPad Prism
6.01 (Graphpad Software, Inc, USA). p < 0.05 was considered statistically significant.
Results

Chemical components of XJDHT formulae fingerprint

Total ion chromatogram fingerprint was shown in Figure 1, the qualitative compounds
list at Table S1.

XJDHT treatment increases survival rate in murine sepsis model

LPS-induced lethal sepsis has been well studied [15]. Here, we investigated whether
classic herb formula XJDHT was able to block LPS-induced sepsis. First, we evaluated
the effect of XJDHT treatment on LPS-induced animal mortality. Pretreated animals
with XJDHT (9.45g/kg, BID, g.v.) for 5 days has showed extending animal survival
time in LPS-induced lethal model (Figure. 2). Animals in XJDHT treatment group
significantly increased median survival time with 45 hours in SP group (n=22) vs 60
hours in XP group (n=21) (P = 0.045), indicating the protective effect of XJDHT in
serious inflammatory-death.

XJDHT treatment reversed LPS-induced lung inflammation and relieve
mitochondrial swelling

Many studies have showed that high dose of LPS regimen induced systemic sepsis,

subsequently lung function was affected [16]. We determined whether XJDHT
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treatment was able to prevent lung injury induced by LPS. Mice were pretreated with
9.45g/kg/d XJDHT for 2 days before LPS challenge, following additional 3 days
XJDHT treatment and lung tissues were sliced for H&E staining and Transmission
electron microscopy (TEM) observation. Histologic study showed pathological
changes in lung tissue after LPS challenge that had been eliminated by XJDHT
treatment (Figure. 3). As shown in Figure 3, LPS (25 mg/kg, i.p.) administration
induced lung alveolar walls damage, initiated lymphocyte infiltration (Figure. 3B-B1),
severe mitochondrial swelling (Figure.3E), and XJDHT treatment restored lung
alveolar wall structure and reduced lymphocyte infiltration (Figure. 3C-C1) and relieve
mitochondrial swelling (Figure.3F). Our data suggested that XJDHT treatment
profound reversed LPS-induced lung inflammation and relieve mitochondrial swelling.
LPS disrupted lipid homeostasis in murine lung tissue

According to the international lipid classification and Nomenclature Committee, lipid
compounds are divided into eight categories and their subtypes based on the polarity
head and saturation degree or length of carbon chain [17]. So far, 1251 lipid species and
30 lipid classes have been identified (Figure.S1).

First, to establish methodology for lipidomic analysis, Quality control (QC) samples
were run with UHPLC and lipid species were analyzed by Lipid Search software.
The comparison base peak chromatograms (BPC) spectra of QC samples in positive-
and negative-ion mode, as shown in Supplement Figure S2 A-B. The peak response
intensity and retention time of QC samples were basically overlapped and correlation

coefficients of QC samples are all above 0.9 assessed by pearson correlation analysis
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(Supplement Figure S2C), and the R?Y and Q2 evaluation parameters of OPLS-DA are
0.812 and 0.998 respectively (Supplement Figure S2D), suggesting that the
methodology is repeatable and reliable. Subsequently, we analyzed Lipid composition
in lung tissues of control group and LPS group and found 5 major lipid classes,
triglyceride(TG), phosphatidylcholine (PC), phosphatidylethanolamine (PE),
sphingomyelin(SM), phosphatidylserine (PS), present in both groups (Figure 4A-B).
However, Figure 4C shows the dynamic distribution range of lipid content. The highest
lipid molecules is PC (16:0/16:0)+HCOO in both group. The lowest lipid molecules are
Cer (d18:0+p0/34:3)+HCOO in control group and Cer (d60:5+hO)+HCOO in sepsis
group. Figure 4D shows the statistical results of the number of lipid subclasses (lipid
classes) identified in positive and negative ion modes and the number of lipid molecules
identified in each category.

LPS-induced lung injury was mediated by glycerophospholipid metabolism
Univariate analysis was performed for the different analyses of all detected lipid
molecules and the analysis results were displayed in the form of a volcano map (Figure
5A). The lipid molecules with FC > 1.5 or FC <0.67, P value < 0.05 are represented by
different colors. FC > 1.5 or FC < 0.67 metabolites in the control and sepsis groups
were demonstrated in Figure 5SB. Differential lipid molecules analysis was also used to
verify the significant difference in lung lipids. The difference was considered to be
significant (VIP>1, P < 0.05). The 40 lipids (Supplemental table S2) include 5 Fatty

acyls, 22 Glycerophospholipid, 4 Phosphosphingolipids, 9 Glycerides. As shown in
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Supplemental table S2, compared with the control group, there were 25 up-regulated
and 15 down-regulated in the sepsis group.

Fatty acyls: 1 acetyl CoA carboxylase ( AcCA ) showed an upward trend; 4
Diacylglycerols (DGs) showed an upward trend except DG(16:0/16:1)+NH4.
Glycerophospholipid: 3 Lysophosphotidylserines (LPSs) showed an upward trend.
Among the 8 PCs, except PC (14:0/ 14:0) + HCOO, PC (16:1/ 14:0) + HCOO showed
a downward trend, 3 PE showed a downward trend, 4 PGs showed an upward trend
except PG (16:0/16:1) - H, 1 PI showed an upward trend, and among the 3 PSs showed
a downward trend except PS (16:0 / 22:6) + H.

Phosphosphingolipids: 4SMs were up-regulated.

Glycerides: There were 6 TGs showed a downward trend, 3TGs showed an upward
trend. The results showed that the lipid metabolism of sepsis mice induced by
lipopolysaccharide was abnormal.

In order to evaluate the plausibility of different lipids, and display the relationship
between samples and the differences of lipids expression patterns in different samples
more comprehensively and visually, hierarchical clustering of each sample was
undertaken, and the qualitative expression quantity was used to analyze the difference
of lung lipid, which was helpful for accurate lipid screening. Figure 5C showed the
expression of different lipid molecules in sepsis and control group. The graph can
clearly distinguish the sepsis group from the control group, that is, the same group of
samples can appear in the same cluster through clustering. At the same time, the lipids

with similar expression pattern can also be seen clearly. The lipids in the same cluster

11
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may be in a relatively close reaction step in the process of metabolism.

Our analyses suggested extensive changes in the lung lipidome of mice under
polysaccharide intervention. Therefore, in order to elucidate possible broad
organization principles of co-regulation of lipid species, a pairwise correlation analysis
for the lipid species was carried out. And then a wide range of positively and negatively
correlated lipid species were found (Figure 6A). Further, in order to reveal the
coregulatory relationship of lipids more intuitively. The chord diagrams showed lipid
molecular pairs with correlation coefficient [R|= 0.8 and P < 0.05. We found that some
lipid classes may prefer to correlate with inter-class (e.g., TG), whereas other classes
(e.g., PC, PE, PG, LPS, PS, SM, DG in the nucleus) showed both intra- and inter-class
correlations (Figure 6B). Of note, phosphatidylinositol (PI) showed intraclass
correlations.

XJDHT treatment corrected LPS-disrupted lipid homeostasis

As previous shown that LPS modulated lipid changes in lung tissues, we determined
whether XJDHT treatment alleviated lung injury through regulating lipid metabolism.
After 5 days treatment of XJDHT, the changes of all lipids induced by LPS had been
toward to normal levels (Figure 7). Notably, 9 of 12 lipids are glycerophospholipid
family, including PG (18:1/18:2)-H, LPS (20:4)+H, LPS (22:4)+H, LPS (22:6)+H,
PC (16:1/16:1)+HCOO, PC (18:1/22:6)+HCOO, PC (18:2/22:6)+HCOO, PC (34:3)+H,
PS (16:0/22:6)+H. Other significant changes were founded in Fatty acyls DG

(16:0/22:6)+NH4, Phosphosphingolipids SM (d24:0/18:2)+HCOO and Glycerides TG

12
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(18:0/16:0/16:0)+NH4. Together, our data indicated that lipid metabolism was involved
in XJDHT treatment in lung sepsis.

Discussion

In this study, XJDHT was able to improve inflammatory changes and relieve
mitochondrial swelling of lung tissue and reduce mortality rate of 15 hours in septic
mice. However, it is still unclear whether protective effect of XJDHT can be achieved
by regulating the changes of Lipid spectrum. Therefore, the lung tissue of mice was
characterized from lipid perspective and the effect of XJDHT on sepsis lipid
composition was further uncovered. The composition of lipid components was
observed varies greatly in control, LPS-induced lung sepsis and XJDHT treatment
groups.

To the best of our knowledge, we here reported the lipidomic study of the
administration of XJDHT to mice with sepsis to identify the lipid profile that could be
useful for disease diagnosis or prediction, and that explored underlying pathogenesis of
XJDHT for the first time. The glycerophospholipid metabolism and arachidonic acid
(AA) metabolism may play crucial roles in the treatment of sepsis with XJDHT that is
a clear strength of this study.

Glycerophospholipid metabolism contributes importantly to septic lung injury induced
by lipopolysaccharide. In normal lung tissue, there is a barrier that selectively passes
through fluid and solute. This barrier is composed of monolayer endothelial cells, which
are connected by adherent bodies and tightly connected plasma membrane structures
[5, 18]. Alveolar epithelium is a very tight barrier formed by flat alveolar type I (ATT)

13
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cells and cubic alveolar type II (ATII) cells. It allows the diffusion of carbon dioxide
and oxygen, but limits the passage of small solutes [19]. In acute respiratory distress
syndrome induced by sepsis, pulmonary interstitial edema is often caused by increased
permeability of fluid and protein through the pulmonary endothelium. The normal tight
barrier properties of alveolar epithelium are usually impaired when edematous fluid is
transferred to the alveoli [20-22]. Glycerophosphatide is one of the most abundant
phospholipids in the body. It is one of the important components of the cell membrane,
and participates in the protein recognition and signal transduction. There are 7 major
classes of glycerophospholipids, including PC, PE, PS, PI, LPE, LPS and PG [23].
Among those, PC and PE, are accounted for more than half of the total phospholipids
in eukaryotic cells. Proper phospholipid composition is the key structure and function
to establish and maintain membrane integrity [24, 25]. Abnormal phospholipid
composition is accompanied by loss of membrane structural integrity [26].

Evidence indicated that PC is an essential phospholipid in mammalian cells and tissues
and is made in all nucleated cells via the choline pathway [27]. PC as a kind of
phospholipid is an essential lipid composition of lung surfactant, which might play the
role in anti-inflammatory effects [27]. Previous studies have demonstrated that the
decrease of PC levels on plasma membrane of liver in the liver injury model and then
the hepatocyte membrane might become permeable and the end result was that liver
failure happened [28]. As showed in Figure 7, the expression levels (mean) of PC
(16:1/16:1) + HCOO, PC (18:1/22:6) + HCOO, PC (18:2/22:6) + HCOO, PC (34:3) +
H were significantly downregulated in the lung of septic mice induced by

14



312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

lipopolysaccharide and restored after XJDHT treatment. A previous study showed that
XJDHT also has anti-inflammatory effects through decreasing the level of IL-1 and
IL-6 [9, 29]. Therefore, the interference of XJDHT with PC may change the ability of
the body to resist inflammation.

LPS are involved in the activities of Toll-like receptors (TLRs) [30] and G protein
coupled receptors (GPCRs) [31-33]. Such activities are involved in the occurrence and
developmental process of sepsis [34, 35]. LPSs have emerged in regulating macrophage
activation and enhances their clearance of apoptotic cells [36]. As to lipid molecules,
we know that the expression of LPS (20:4) + H, LPS (22:4) + H, LPS (22:6) + H in the
lung tissue of sepsis mice decreased significantly, but increased significantly after
XJDHT intervention (Figure 7). And abnormally high expression of PG (18:1/18:2) -
H, PS (16:0/22:6) + H in septic mice induced by lipopolysaccharide were resolved.
Therefore, LPS (20:4) + H, LPS (22:4) + H, LPS (22:6) + H, PC (16:1/16:1) + HCOO,
PC (18:1/22:6) + HCOO, PC (18:2/22:6) + HCOO, PC (34:3) + H, PG (18:1/18:2) — H,
PS (16:0/22:6) + H may be the targets of XJDHT.

Conclusion In this study, the UHPLC high resolution mass spectrometry based on the
strategy of absolute quantitative lipomics was used to detect the lipid profile of lung
tissue of septic mice treated with XJDHT, and further elucidated the possible
mechanism of sepsis induced by lipopolysaccharide. Based on the repeatability of
quality control results, the method is considered to be reliable. Multivariate analysis
showed that XJDHT could treat lipopolysaccharide induced sepsis associated lung
injury, which was consistent with pathological results. When the lipid distribution in
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lung tissue of mice in control group and lipopolysaccharide intervention group was
compared, significant changes of 40 kinds of lipid levels were observed. After treatment
with XJDHT, the expression of 12 kinds of lipids including 9 kinds of
glycerophosphatides showed significant remission. Therefore, XJDHT may regulate
the metabolism of glycerophosphatides to treat septic lung injury induced by
lipopolysaccharide.
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type II; TLRs: Toll-like receptors; GPCRs: G protein coupled receptors.
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Figure Legends

Figure 1. Total ion chromatogram fingerprint of XJDHT formulae.
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Figure 2. Survival curves were analyzed by log-rank (Mantel-Cox) test demonstrating
an increase in median survival of 15 hours in the XJDHT treatment group (P<0.05).
Figure 3. Histopathological changes of lung. (A-A1): Normal control group, no obvious
abnormality in the structure of bronchus, the alveolar wall was composed of a single
layer of epithelium, and the structure was clear; there was no obvious abnormality in
the interstitium including connective tissue and blood vessels in the lung, and there was
no obvious  inflammatory  change. (B-B1):Sepsis ~ group,  Mild 7o
moderate alveolar wall thickening, black arrow indicates inflammatory cell infiltrates.
No other obvious abnormalities were observed in the tissue. (C-Cl): XJDHT
treatment group, no obvious abnormality of bronchial structure in visual field,
clear alveolar structure, No obvious inflammatory infiltration. (H&E x 200), Original
magnification; x 400. Scale bar represents 50 um. Normal control group (D): Mild
mitochondrial swelling (black arrow). Sepsis group(E): Severe mitochondrial swelling
(black arrow). XJDHT treatment group, Moderate mitochondrial swelling (black arrow).
Figure 4. (A-B): The composition of lipid classes in control group and sepsis group; C:
The dynamic distribution range of lipid content of different groups; D: Lipid subgroup
and lipid molecule count were based on the International Lipid Classification and
Nomenclature Committee. Abscissa indicates lipid class was detected, Ordinate
indicates lipid species.

Figure 5. Principal component analysis of population samples in mice lung based on
UHPLC-Orbitrap MS. (A) volcano plot of Sepsis-Control, red point represents the

different lipids (FC > 2.0, P-value < 0.05); (B) Fold-change analysis of the different
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lipids between Sepsis-Control (CP-Control group, SP-sepsis group); (C) Clustering
heat map of the lipids.

Figure 6. Lipomics analysis of the lung samples in septic mice. (A) Correlation
clustering heat map of the lipids. Red means positive correlation, blue means negative
correlation, color depth is related to the absolute value of correlation coefficient. The
depth of color is proportional to the level of correlation coefficient. (B) Chord diagram
of correlated lipid pairs in the lung of septic mice. The significant difference of lipid
molecules was showed by a node around the circle plot and the lipid subclasses were
demonstrated by color coded. The color lines show the intra-class correlation, and the
lines are the same color with the subclass. Dark gray lines represent interclass
correlation.

Figure 7 Differential expression levels (mean) of 12 differential lipids in different
groups. A comparison of the relative intensities of the potential biomarkers in the
control, sepsis, XJDHT groups. *P <0.05 vs control group; **P <0.01 vs control group;

#P < 0.05 vs model group; ##P < 0.01 vs model group.
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Figure 1

Total ion chromatogram fingerprint of XJDHT formulae.
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Figure 2

Survival curves were analyzed by log-rank (Mantel-Cox) test demonstrating an increase in median
survival of 15 hours in the XJDHT treatment group (P<0.05).



Figure 3

Histopathological changes of lung. (A-A1): Normal control group, no obvious abnormality in the structure
of bronchus, the alveolar wall was composed of a single layer of epithelium, and the structure was clear;
there was no obvious abnormality in the interstitium including connective tissue and blood vessels in the
lung, and there was no obvious inflammatory change. (B-B1):Sepsis group, Mild to moderate alveolar wall
thickening, black arrow indicates inflammatory cell infiltrates. No other obvious abnormalities were
observed in the tissue. (C-C1): XJDHT treatment group, no obvious abnormality of bronchial structure in
visual field, clear alveolar structure, No obvious inflammatory infiltration. (H&E x 200), Original
magnification; x 400. Scale bar represents 50 pm. Normal control group (D): Mild mitochondrial swelling
(black arrow). Sepsis group(E)X Severe mitochondrial swelling (black arrow). XJDHT treatment group,
Moderate mitochondrial swelling (black arrow).
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Figure 4

(A-B): The composition of lipid classes in control group and sepsis group; C: The dynamic distribution
range of lipid content of different groups; D: Lipid subgroup and lipid molecule count were based on the
International Lipid Classification and Nomenclature Committee. Abscissa indicates lipid class was
detected, Ordinate indicates lipid species.
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Figure 5

Principal component analysis of population samples in mice lung based on UHPLC-Orbitrap MS. (A)
volcano plot of Sepsis-Control, red point represents the different lipids (FC > 2.0, P-value < 0.05); (B) Fold-
change analysis of the different lipids between Sepsis-Control (CP-Control group, SP-sepsis group); (C)
Clustering heat map of the lipids.



Figure 6

Lipomics analysis of the lung samples in septic mice. (A) Correlation clustering heat map of the lipids.
Red means positive correlation, blue means negative correlation, color depth is related to the absolute
value of correlation coefficient. The depth of color is proportional to the level of correlation coefficient. (B)
Chord diagram of correlated lipid pairs in the lung of septic mice. The significant difference of lipid
molecules was showed by a node around the circle plot and the lipid subclasses were demonstrated by



color coded. The color lines show the intra-class correlation, and the lines are the same color with the

subclass. Dark gray lines represent interclass correlation.
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Figure 7

Differential expression levels (mean) of 12 differential lipids in different groups. A comparison of the
relative intensities of the potential biomarkers in the control, sepsis, XJDHT groups. *P < 0.05 vs control
group; **P < 0.01 vs control group; #P < 0.05 vs model group; ##P < 0.01 vs model group.
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