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Abstract

Background
Respiratory syncytial virus (RSV) pneumonia is the main causes of acute bronchiolitis in infants.
Luteolin-7-O-glucoside (LUT-7G) is a natural �avonoid, which exists in a variety of plants and has a
variety of biological activities. The purpose of this study was to reveal the therapeutic effect of LUT-7G on
RSV pneumonia from the perspective of glucose metabolism.

Methods
Mice model of RSV pneumonia were constructed and administered LUT-7G intervention (60mg/kg·d− 1).
The pathological injury of lung tissue was observed by HE staining. Real-time qPCR was used to detect
in�ammatory factors and RSV surface protein. Then the metabolites of glycolysis and tricarboxylic acid
cycle (TCA) in lung tissue and serum of mice were detected by gas chromatography-mass spectrometry
(GC-MS) to evaluate the regulatory effect of LUT-7G on glucose metabolism under virus infection.

Results
Pharmacodynamic studies show that LUT-7G could reduce the in�ammatory injury of lung tissue by up-
regulating IL-10 mRNA, reducing RSV G, F protein and pro-in�ammatory factor TNF-α and TGF-β mRNA.
Target metabonomics showed that RSV infection could up-regulate the levels of glycolysis and TCA
metabolites in lung tissue and serum, while LUT-7G could improve the disorder of glucose metabolism
and partially reverse the upregulation of glucose, lactate and malate in lung tissue.

Conclusion
LUT-7G can improve the pathological injury of lung tissue induced by RSV by regulating glucose
metabolism and inhibiting in�ammation.

Summary At A Glance
We found an enhanced glucose metabolic response in mouse models of RSV pneumonia. After the
intervention with Luteolin-7-O-glucoside, the in�ammatory damage in the lung tissue of mice was
reduced, the pro-in�ammatory cytokines were decreased, the virus replication was inhibited, and the
enhanced glucose metabolism response was reversed. We speculate that Luteolin-7-O-glucoside may
regulate the body's immune response to RSV by regulating glucose metabolism.

Introduction
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In the �rst 15 years of the 21st century, pneumonia is the leading cause of mortality in children under 5
years of age worldwide(1), and respiratory syncytial virus (RSV) is the most common pathogen of
pneumonia in children(1, 2). In addition to children, the elderly and immunocompromised patients are
also at greater risk of developing severe lower respiratory tract infections after being infected with RSV
virus(3). When RSV enters the human body, epithelial cells are �rst infected, resulting in epithelial cell
desquamation and ciliary structure destruction(4), the immune cells are then activated to clear the virus
and cause tissue damage(5). Compared with direct destruction of epithelial cells, immune response is a
more important cause of in�ammatory damage caused by RSV(6, 7). 

Intracellular metabolism determines function of immune cells, activation of immune cells such as
macrophages, dendritic cells, natural killer cells, and effector T cells is accompanied by an increase in
intracellular glycolysis(8-11), and immune cells obtain energy in glycolysis for phagocytosis, antigen
presentation, production of effector molecules, etc. A growing number of research shows that changes in
intracellular metabolic pathways can affect immune cell function(12). Take macrophage for example, in
M2-type macrophages, the tricarboxylic acid cycle (TCA) is intact and combined with oxidative
phosphorylation(13). However, the mitochondrial TCA is disrupted in M1-type macrophages, and excess
citrate and succinate are produced at the same time, which directly changes the type of cytokines
released by macrophages(14). If several key genes in the glycolytic pathway are disturbed, macrophages
can be polarized in the M2 direction(15). Viral and intracellular bacterial pathogens can reprogram host
cell metabolism to meet their own needs(16), and RSV can disrupt cellular energy metabolism, especially
mitochondrial function, which interferes with immune function of the organism(17-19). 

Currently, the prevention and treatment methods against RSV are very limited, and there are only few
types of vaccines and monoclonal antibodies aimed at interfering with RSV infection, which are only
suitable for speci�c groups of people(20, 21). At present, only symptomatic treatment is available for
patients with RSV pneumonia, and there is a lack of means to regulate the body's immune system and
metabolic system against RSV infection. 

Luteolin-7-O-glucoside (LUT-7G) is a natural �avonoid compound which exists in various vegetables and
herbs(22, 23), and has various biological activities such as anti-in�ammatory, antioxidant, antimicrobial,
anticancer(24-28). One study found that in a mouse model of in�ammation induced by CFA (Complete
Freund's Adjuvant), LUT-7G inhibited the expression of IL-1β in nerve tissue and serum, and inhibited the
activation of macrophages and microglia in nerve tissue(26). In a rat model of cerebral ischemia-
reperfusion, LUT-7G down-regulated in�ammatory mediators such as IL-1β, TNF-α, iNOS and COX-2 in
brain tissue, and inhibited the activation of NF-κB signaling pathway(27). The functions of LUT-7G in
regulating immune cells and inhibiting the release of pro-in�ammatory molecules suggest that it may be
used in the treatment of pulmonary in�ammation.

In conclusion, in order to verify the therapeutic effect of LUT-7G on RSV pneumonia, we constructed an
RSV mouse model and intervened with LUT-7G. We observed the lesions of lung tissue by HE staining,
observed RSV replication ability by detecting RSV G and F protein mRNA and assessed lung tissue
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in�ammation by detecting the levels of in�ammatory factors TNF-α, TGF-β, IL-10 mRNA. Finally, we
detected the key intermediates of glycolysis and mitochondrial TCA in mouse lung tissue and serum by
gas chromatography-mass spectrometry (GC-MS), and observed the effect of LUT-7G on energy
metabolism in RSV-infected mice.

Materials And Methods
2.1 Experimental Materials

2.1.1 Experimental Animals

SPF-grade female BALB/c mice aged 5-6 weeks (17-19g) were purchased from Qinglongshan Animal
Breeding Center in Jiangning District, NanJing City, China. Permit Number: SCXK (su) 2017-0001.

2.1.2 Cells and Viruses

Human epidermoid larynx carcinoma cells contaminated with Hela cells were purchased from ATCC
(CCL-23). Cells in passages 5-30 used for experiments. Human respiratory syncytial virus (RSV) strain A2
Long was purchased from China Center for Type Culture Collection (Wuhan, China). Cells and viruses
were preserved in Jiangsu Provincial Key Laboratory of Childhood Respiratory Diseases (Traditional
Chinese Medicine).

2.1.3 Drugs and Reagents

LUT-7G purchased from Nanjing Liangwei Biotechnology Co., Ltd. (Nanjing, China)

Carboxymethyl cellulose sodium salt (CMC-Na, C4888), hydrochloride (98%), pyridine (99.8%), 1, 2-13C2-
glucose (SH2326V, 99%), N,O-Bis(trimethylsilyl)-tri�uoroacetamide (BSTFA), pyruvate (Batch no:
SLBP4879V), glucose (Batch no: WXBC1347V), lactate (Batch no: BCBS2643V) , 3-phosphoglycerate
(Batch no: SLBW5317), malate (Batch no: WXBB0572) , succinate (Batch no: SLBR5477V) , citrate (Batch
no: MKBS5294V) , fumarate (Batch no: WXBB1420V) and α-ketoglutarate (Batch no: BCBT6944) were
purchased from Sigma-Aldrich Company (St Louis, MO, USA). Phosphoenolpyruvate (PEP, Batch no:
D1712023) and cis-aconitate (Batch no: C1806046) were purchased from Shanghai Aladin Biochemical
Technology Co. LTD. Isocitrate (Batch no: H06S7B19343) was purchased from Source Leaf Creature
(Shanghai, China).

TRIzol reagents was purchased from Ambion (Texas, USA). Reverse transcription reagents, Taq DNA
polymerase, quantitative real time PCR reagents were purchased from Vazyme Biotech Co., Ltd (Nanjing,
China).

2.1.4 Primers for Real-Time PCR

PCR primers (Table 1) were synthesized by Shanghai Sangon Biotechnology Co., Ltd (Shanghai, China).
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2.2 Experimental Methods

2.2.1 Animal Modeling, Drug Administration and Material Collection

RSV was ampli�ed on Hep-2 cells and cultured in DMED [DMEM containing 2% FBS (v/v), 100 U/mL
penicillin, and 0.1 mg/mL streptomycin] at 37°C, 5% CO2. When cell fusion lesions caused 50%-80% of
Hep-2 cells to shed (typically occurs between 48h and 72h after infection), both supernatant and cells
were collected, vortexed vigorously for 5-10 s, centrifuged at 3,000 rpm for 10 min, aspirated the
supernatant, and then stored at -80°C for use. The titer of RSV was quanti�ed by a plaque assay.

The experimental protocol was approved by the Animal Ethics Committee of Nanjing University of
Chinese Medicine. After 1 week of adaptive feeding, the mice were anesthetized by ether inhalation. The
control group was given 80 μL of saline through the nose, and the other groups were given 80 μL of RSV
virus solution containing 5 × 105 PFU. LUT-7G was given daily (60mg/kg·d-1) intragastrically for at least
12 hours after the mice were infected with RSV. The control group and the model group were given saline
containing 0.5% CMC-Na, once a day. Both groups were intervened for 4 days.

The mice were anesthetized within 24 hours after the last administration, and blood was collected from
the eyeballs. Then the mice were sacri�ced by dislocation, lung tissues were obtained for HE staining,
PCR, GC-MS and other experiments.

2.2.2 Lung Histopathological Evaluation

Left-lung tissues of mice were �xed with 4% paraformaldehyde overnight, dehydrated by gradient ethanol,
then embedded in para�n, sectioned to a thickness of about 4 μm and dried for later use. HE staining
was performed, microscope images were acquired and analyzed. HE staining was mainly used to
evaluate the in�ltration of airway in�ammatory cells, with a score of 0 being no in�ammation, 1 being
slight or very little, 2 being moderate or more, 3 being severe or much, and 4 being very severe or heavy. 0
is normal, 1, 2, 3, and 4 are graded from mild to severe. The pathological scores of 5 mice in each group
were counted.

2.2.3 Detection of Viral Surface Proteins and In�ammatory Factors by RT-PCR

RNA was extracted from mouse lung tissues with TRIzol reagents and reverse transcribed. Quantitative
PCR was performed on a Quant Studio 7 Flex real-time PCR system using Eva Green Master Mix reagents.
The data were calculated and analyzed by the 2-△△CT method, and normalized with GAPDH as the
internal reference.

2.2.4 Detection of Glycolysis and TCA Intermediates by GC-MS

2.2.4.1 Preparation of Reference Solution
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Accurately weighed an appropriate amount of glucose, 3-phosphoglycerate, PEP, pyruvate, citrate, cis-
aconitate, isocitrate, and succiniate, placed the above reference substance in a 10mL volumetric �ask,
and diluted with water. Proper amounts of fumarate, malate, lactate and α-ketoglutarate were placed in a
10mL volumetric �ask, diluted with methanol to prepare a mother solution, and then diluted with
methanol solution to a predetermined gradient concentration (Supplementary Table 1).

2.2.4.2 GC-MS-based Samples Preparation for Metabolomics

Taked 50 μL of serum samples, lung tissue lysates or 50 μL mixed reference solution, added 200 μL of ice
methanol (containing 10 ug/mL internal standard 1,2-13C-myristic acid), vortexed for 3 min, and
incubated at 4°C , 18,000 rpm, centrifugation for 10 min. Taked 100 μL of the supernatant, put it in a
centrifugal concentrator and evaporate to dryness for 2 h, added 30 μL of 10 mg/mL methoxyamine
pyridine solution, mixed for 3 min, and shaked in a constant temperature shaker at 30 °C , 450rpm for 1.5
h. Added 30 μL of BSTFA, mixed well, shaked at 37°C , 450rpm for 0.5 h, then centrifuged at 18,000 rpm
for 10 min, taked the supernatant, transfered the mixture to a sampling bottle with a glass insert and
conducted GC-MS analysis .

2.2.4.3 Gas Phase Conditions and Mass Spectrometry Conditions

The gas chromatograph equipped with the Trace 1310 automatic sampling system, the chromatographic
column was a TG-5MS capillary chromatographic column, and the temperature program was adopted.
The initial temperature was kept at 60 °C for 1 min, then increased to 100 °C at 30 °C/min, and �nally
increased to 300 °C at 20 °C/min and held for 2 min. The inlet temperature was 300 °C; the split mode
was 20:1; the carrier gas was high-purity helium, and the �ow rate was 1.2 mL/min; the injection volume
was 1 μL.

Electron impact (EI) was used as an ionization source for GC-MS analysis. The ion source temperature
and transfer line temperature were both 300 °C; the ionization energy was 70 eV; the solvent peak delay
time was 3.8 min. The retention time of each target metabolite was obtained by full scan mode, each
metabolite was quantitatively determined by selective reaction monitoring (SRM) mode, and the collision
gas was high-purity argon. The speci�c parameters of each metabolite are shown in Supplementary
Table 2, and the extracted ion chromatogram of each reference substance is shown in Supplementary
Figure 1-2.

2.2.5 Statistical Analysis

GraphPad Prism 7.0 was used for data processing and graphing, and measurement data were expressed
as Mean ± SD. One-way ANOVA was used for comparisons among multiple groups, Dunnett's post-hoc
was used for multiple comparisons, P<0.05 was considered as statistically signi�cant difference.
MetaboAnalyst 3.0 (http://www.metaboanalyst.ca) was used to perform principal component analysis
(PCA), partial least-squares discriminant analysis (PLS-DA) and metabolic pathway analysis on
metabolomic data (Supplementary Table 3).
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Result
3.1 LUT-7G attenuates RSV-induced lung tissue damage

In order to study the protective effect of LUT-7G on mouse lung tissue, we took out the lung tissue for HE
staining. Compared with the control group, the lung tissue of the mice in the model group showed typical
pathological changes after RSV infection, including pulmonary interstitial edema, alveolar wall
thickening, and in�ammatory cell in�ltration, etc. These injuries were all repaired after LUT-7G
intervention. As shown in Figure.1, compared with the control group, the pathological score of the lung
tissue of the mice in the model group was signi�cantly increased (P<0.05), and the pathological score
was signi�cantly decreased after the LUT-7G intervention (P<0.05).

3.2 LUT-7G inhibits RSV replication and attenuates RSV-induced in�ammatory responses

The transcription level of RSV G and F proteins can re�ect the RSV replication ability. We measured the
mRNA levels of RSV G and F proteins in mouse lung tissue to clarify the replication ability of the virus in
lung tissue. We found that RSV replication was obvious in the lung tissue of mice in the model group, and
the mRNA levels of RSV G and F proteins were signi�cantly increased (P<0.05), while the mRNA levels of
RSV G and F proteins were signi�cantly decreased after LUT-7G treatment (P<0.05) (Fig.2 A-B), indicating
that the replication of RSV virus is inhibited.

Cytokines TGF-β, TNF-α, and IL-10 can re�ect the pulmonary in�ammation caused by RSV infection. We
detected the mRNA levels of the above cytokines in mouse lung tissue by RT-PCR technology to study the
effect of LUT-7G on the above cytokines. The results showed that the mRNA levels of TGF-β and TNF-α in
the lung tissue of mice infected with RSV were signi�cantly increased (P<0.05), and the mRNA level of IL-
10 was also increased to a certain extent. LUT-7G can reduce the mRNA levels of TGF-β and TNF-α
(P<0.05), and increase the mRNA level of IL-10 (Fig.2 C-E), which has an inhibitory effect on
in�ammation, indicating that LUT-7G can reduce RSV in�ammation. 

3.3 Metabolomics analysis results of lung tissue and serum after LUT-7G intervention in RSV mice

To study the effect of RSV infection on energy metabolism in mice, we selected 11 key intermediates in
glycolysis and mitochondrial TCA cycle, and performed targeted metabolomic analysis on mouse lung
tissue and serum by GC-MS. First, we identify the global metabolic differences between groups by
principal component analysis (PCA). As shown in Figure.3, serum samples have shown a segregation
trend between groups, and this trend is more pronounced in lung tissue samples(Fig.3A-B). Then we used
PLS-DA to perform multivariate analysis on each group. The results showed that compared with the
normal group, there were signi�cant differences in the target metabolite pro�les after RSV infection, while
the serum and lung tissues of the LUT-7G group showed different degrees of regression trends(Fig.3C-D).

We used MetaboAnalyst 3.0 to draw heatmaps of target metabolites in serum and lung tissue
respectively to judge the changing trend of each target metabolite (Supplementary Figure.3). In lung
tissue, compared with the control group, the target metabolites in the model group were regulated to



Page 8/19

different degrees. After LUT-7G intervention, except for succinate and pyruvate, other target metabolites
have different degrees of regression and the regression trend of glucose is the most obvious. 

Compared with the control group, serum lactate, pyruvate, 3-phosphoglycerate, and cis-aconitate
increased signi�cantly after RSV infection, and these up-regulated metabolites were all down-regulated
after LUT-7G intervention. It is worth noting that serum glucose and tricarboxylic acid cycle intermediates
such as α-ketaglutarate, succinate, fumarate, and malate were up-regulated after LUT-7G intervention
(Figure.4).

Discussion
In this study, we validated the therapeutic effect of the �avonoid LUT-7G on RSV pneumonia. In mouse
models of RSV pneumonia, LUT-7G attenuated lung tissue damage, inhibited RSV replication, and
modulated cytokine levels in in�ammatory condition. The most surprising thing is that LUT-7G reversed
the intracellular metabolic disturbance caused by RSV.

We assessed the in�ammatory status of the lungs by detecting changes in cytokines such as TNF-α, IL-
10, and TGF-β1. TNF-α is an important proin�ammatory cytokine which mediates various acute and
chronic in�ammations including autoimmune diseases. In viral pneumonia, TNF-α is released by immune
cells and participates in activating the immune system(29), and may even be involved in the occurrence
of in�ammatory storms(30). IL-10, a cytokine with anti-in�ammatory properties(31), is indispensable for
maintaining epithelial cell integrity in infectious diseases, limiting viral or bacterial-induced in�ammatory
responses and promoting tissue healing(32). TGF-β1 is a cytokine that exerts pro-in�ammatory or
immunosuppressive functions depending on the environment(33, 34). Upon RSV infection, TGF-β1
ampli�es RSV-induced epithelial in�ammation(35), induces host cell cycle arrest and promotes RSV
replication(36), attenuates macrophage-mediated type I IFN responses and promotes macrophage
apoptosis of cells(37).In addition, TGF-β1 can amplify the effect of RSV infection on mitochondrial
respiratory function and reduce ATP production(37). After the intervention of LUT-7G, the pro-
in�ammatory cytokines TNF-α and TGF-β1 decreased, while the level of anti-in�ammatory cytokine IL-10
increased. We believe that LUT-7G can regulate in�ammatory factors to reduce in�ammatory damage.

Although our study cannot fully reveal the mechanism, our data suggest that RSV does increase
intracellular metabolism. In mouse serum and lung tissue, the levels of upstream metabolic substances
such as glucose and pyruvate, as well as key intermediates in glycolysis and TCA were up-regulated due
to RSV infection, and this trend was particularly signi�cant in lung tissue. Most viruses can alter or
enhance speci�c metabolic pathways(38), such as herpes simplex virus type 1 (HSV-1), which induces
host cells to preferentially use glucose for nucleotide synthesis over glycolysis or TCA(39, 40);
Intracellular glucose consumption, glutaminolysis, and glycolysis are all increased upon adenovirus
HAdV-2 infection, and the carbon �ux in virus-infected cells are increased rather than decreased(41). ATP
is necessary for viral particles to attach and enter host cells, while the TCA provides the raw material for
the synthesis of biomolecules required for viral replication(40). In addition, some TCA intermediates,
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including citrate and succinate, can also act as signaling molecules to mediate metabolic reprogramming
and in�ammatory responses(42, 43).

RSV may alter cellular metabolism to meet its own energy needs by affecting host cell mitochondrial
function. Although there is no direct evidence that RSV utilizes intermediates of the TCA, studies have
shown that RSV alters the division of mitochondria in host cells(17). RSV induces mitochondrial
redistribution to perinuclear positions near the center of microtubule organization, reducing mitochondrial
membrane potential and increasing mitochondrial reactive oxygen species (ROS) production(17). RSV
also affected mitochondrial protein abundance, inhibiting the activity of multiple proteins including
mitochondrial complex I(18, 19). In addition, the accumulation of mitochondrial ROS can not only
promote the replication of RSV(17, 18), but also induce the expression of glucose transporter-1 (Glut1)
and glycolysis-related enzymes such as hexokinase and lactate dehydrogenase by enhancing the
expression of hypoxia inducible factor-1α (HIF-1α), thereby regulating the cellular oxidative
phosphorylation shifts to the glycolytic pathway, promoting lactate production(44). Our study showed
that after LUT-7G intervention, the abnormal intracellular metabolic level in mice was corrected, which
was manifested in the decrease of pyruvate, lactate and intermediates of glycolysis and TCA in lung
tissue and serum. Although we are not clear about the mechanism, we speculate that LUT-7G prevents
RSV from hijacking cellular metabolic pathways and inhibits RSV replication by regulating intracellular
metabolism.

We observed that the levels of lactate in the lung tissue and serum of RSV-infected mice were
signi�cantly increased, and we speculated that this was related to the disturbance of mitochondrial
function and the increase of pyruvate levels. The overall level of intracellular metabolism increases
during virus infection, in order not to accumulate excess pyruvate and affect the tricarboxylic acid cycle,
cells reduce excess pyruvate to lactate. Although more and more studies have shown that lactate can be
used as an energy substance(45) to supply energy to organs such as the brain and skeletal muscle under
special conditions(46, 47), the accumulation of lactate in the body may not be bene�cial to health.
Lactate is a potential nutrient for tumors(48) and acts as a signaling molecule in promoting tumor cell
proliferation, promoting tumor in�ammation and stimulating tumor angiogenesis(49, 50). Elevated
lactate levels are also detrimental to antiviral signaling(51). Lactate can competitively bind to the
transmembrane domain of mitochondria antiviral signaling protein (MAVS), interrupt the mitochondrial
localization of MAVS, interfere with the interaction between retinoic acid-inducible gene protein I (RIG-I)
and MAVS and the aggregation of MAVS, thereby inhibiting RLR (RIG-I like receptor) antiviral signaling
pathway and downstream type I IFN production(51).

In our experiment, the levels of lactate in serum and lung tissue of mice were signi�cantly down-regulated
after LUT-7G intervention. We speculate that the levels of metabolites such as lactate may be correlated
with the levels of in�ammatory factors and in�ammatory damage. Macrophages play an important role
in the immune response against pulmonary infection(52). During RSV infection, autocrine TNF-a by
macrophages can induce macrophage and monocyte necrosis through RIPK1, RIPK3 and MLKL-
dependent pathways, aggravating the lung damage(53). The same clinical observation found that nasal
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TNF-a levels in infants with RSV bronchitis were positively correlated with disease severity, with higher
TNF-a levels leading to longer hospital stays(53). Polarization and function of macrophages are
regulated by intracellular metabolites(54). The researchers found enhanced pulmonary glycolysis in
paraquat-induced acute lung injury rats, accompanied by increased lactate levels and increased M1
macrophages(55). The use of the glycolysis inhibitor 2-DG could inhibit the polarization of macrophages
towards the M1 phenotype(55). Lipopolysaccharide could induce the core metabolic response of
macrophages from oxidative phosphorylation to glycolysis, greatly increase the TCA intermediate
succinate, and increase the level of in�ammatory factor IL-1β mediated by HIF-1α(14). The above studies
have shown that intracellular metabolites can act as in�ammatory mediators to affect immune cell
function, and induce immune cells to release in�ammatory factors to participate in in�ammatory
damage. LUT-7G can simultaneously down-regulate glucose metabolism intermediates and in�ammatory
factors such as TNF-a. We speculate that LUT-7G may affect immune cell function by regulating
intracellular glucose metabolism, thereby reducing the release of in�ammatory factors and the
in�ammatory response.

Taken together, in the mouse model of RSV pneumonia, there is hyperactivity of intracellular glycolysis
and TCA in lung tissue. LUT-7G can attenuate in�ammatory injury in mouse lung tissue, inhibit RSV
replication in lung tissue, down-regulate pro-in�ammatory cytokine levels and up-regulate protective
cytokine levels, and modulate intracellular glucose metabolism. Our research proves that LUT-7G can
treat RSV pneumonia through multiple pathways, and its regulation of intracellular metabolic pathways
in infection and in�ammatory states has further research value.
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Table 1. Sequence of primers used in Real-Time PCR
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Gene Forward Prime (5’-3’) Reverse Prime (5’-3’)

TNF-α CCCTCACACTCAGATCATCTTCT GCTACGACGTGGGCTACAG

TGF-β1 CTCCCGTGGCTTCTAGTGC GCCTTAGTTTGGACAGGATCTG

IL-10 GCTCTTACTGACTGGCATGAG CGCAGCTCTAGGAGCATGTG

RSV-F AACAGATGTAAGCAGCTCCGTTATC GATTTTTATTGGATGCTGTACATTT

RSV-G CGGCAAACCACAAAGTCACA TTCTTGATCTGGCTTGTTGCA

Figures

Figure 1

LUT-7G treatment attenuated RSV-induced lung in�ammation and improved in�ammatory damage to
lung tissue. (A) Lung tissue of the control group, (B) Lung tissue of the model group, (C) Lung tissue of
the LUT-7G group (12hours after RSV infection, LUT-7G 60mg/kg·d-1 was administered for 4 days). (D)
In�ammation score, N=5, values were presented as ”Mean
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SD”, # P<0.05 compared to Control group, *: P<0.05 compared to Model group.

Figure 2

LUT-7G inhibited RSV replication and modulated in�ammatory factors in lung tissue. (A) RSV-F mRNA
levels, (B) RSV-G mRNA levels, (C) TGF-β mRNA levels, (D) TNF-α mRNA levels, (E) IL-10 mRNA levels.
N=5, values were presented as ”Mean

SD”, # P<0.05 compared to Control group, *: P<0.05 compared to Model group.
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Figure 3

(A) PCA plot of lung tissue samples, (B) PLS-DA plot of lung tissue samples, (C) PCA plot of serum
samples, (D) PLS-DA plot of serum samples. 1- Control group, 2- Model group, 3- LUT-7G group.
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Figure 4

(A) Quantitative analysis of serum metabolites, (B) Quantitative analysis of lung tissue metabolites. #
P<0.05 compared to Control group, *: P<0.05 compared to Model group.
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