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Abstract

Background: In this research, we explored the operational principles of
Huangqin Shegan decoction (HQSGD) for addressing acute pneumonia utilizing
network pharmacology (NP) and transcriptomic analysis. Methods: Methods: A
rat model of acute pneumonia was developed by treating rats with
lipopolysaccharide (LPS) through a non-exposed tracheal drip. The
pharmacological effects of HQSGD were evaluated via histopathological analysis
of rat lung tissues, histological scoring of lung injury, assessment of lung index,
serum inflammatory factors, oxidative stress levels, western blotting, and
qRT-PCR. The active compounds of HQSGD were detected utilizing
ultra-performance liquid chromatography coupled with tandem mass
spectrometry (UPLC-MS/MS). NP and transcriptomic analysis were integrated to
determine signaling pathways implicated in the pharmacological activity of
HQSGD. The expression levels of mRNA and protein for factors implicated in
these pathways were evaluated in rat lung tissues via qRT-PCR and western
blotting, respectively. Results: HQSGD alleviated acute pneumonia in rats by
reducing the lung index and the levels of TNF-a, IL-1(3, CRP, and MDA while
increasing the levels of SOD. The UPLC-MS/MS and NP techniques facilitated the
identification of 28 bioactive constituents present in HQSGD. The principal 20
KEGG pathways were identified by intersecting the targets of HQSGD with
pneumonia-related targets. These pathways were screened by comparing the
transcriptomic data of the blank and model cohorts and those of the model and
drug administration cohorts. GO and KEGG analyses indicated that the
PI3K/AKT/NF-kB pathway was a potentially effective target of HQSGD.
Conclusion: This investigation revealed the overall multi-component,
multi-target, and multi-pathway interactions of HQSGD in the treatment of acute
pneumonia.

Keywords: Huanggin Shegan Decoction; LPS; acute pneumonia; network
pharmacology; transcriptomics
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Highlights
1. Huanggqin Shegan Decoction exhibits significant therapeutic
effects on rats with acute pneumonia.
2. The active components of Huanggin Shegan Decoction were
identified using UPLC-MS/MS technology. Through the integration
of network pharmacology and transcriptome sequencing
technology, it was concluded that the PI3K/Akt/NF-kB pathway
may be a molecular target for exerting therapeutic effects.
Additionally, experimental studies have confirmed that the
PI3K/Akt/NF-kB signaling pathway plays a significant negative
regulatory role in pulmonary inflammatory responses.
3. The study of drugs targeting the PI3K/AKT/NF-kB signaling
pathway for the treatment of acute pneumonia holds great
promise and can pave the way for more innovative approaches in
the treatment of acute pneumonia.

Medical history of objective
Huanggin Shegan Decoction originates from the medical book "Yi
Chao Lei Bian" written by the Qing Dynasty physician Weng Zao,
specifically in Volume 12 (Throat and Pharynx Section). The
formula consists of two Chinese medicinal herbs, Scutellariae
Radix (Huanggin) and Belamcandae Rhizoma (Shegan), which are
decocted in water for oral administration. It is used to treat throat
odor caused by heat toxins in the lung and stomach meridians
(the accumulation of heat toxins in the lung and stomach
meridians leads to symptoms of a fishy odor in the throat).

Background

Acute pneumonia (AP) is a common respiratory infection caused by
bacteria, respiratory viruses, or fungi. The pathogenesis of AP is
complex and characterized by a rapid onset of symptoms. In severe
cases, AP can lead to cardiovascular failure, posing a life-threatening
risk to patients [1]. AP is categorized as an epidemic in traditional
Chinese medicine (TCM). According to Yu Jiaqian’s “Epidemiology”,
pneumonia is classified as a wind-warmth lung-heat disease
characterized by lung stasis caused by pathogenic wind-heat
(Wind-warmth lung-heat: Acute febrile diseases caused by the
invasion of exogenous wind-heat pathogens leading to heat in the
lungs, manifested by symptoms such as fever, cough, and thick, yellow
phlegm. Pathogenic wind-heat: The combination of wind and heat
evils invading the human body leads to a range of symptoms.) [2]. AP
is closely associated with an uncontrolled inflammatory response
following infection, which leads to a poor prognosis. Pathologically,
AP manifests as pulmonary inflammation, oxidative damage, and
apoptosis. It has high morbidity and mortality rates and accounts for
more than 50% of all pneumonia cases. Moreover, it can progress to
severe pneumonia, resulting in life-threatening consequences [3, 4].

Huangqin Shegan decoction (HQSGD), documented in the medical
compendium “Yi Chao Lei Bian” by physician Weng Zao from the Qing
Dynasty, is a traditional Chinese herbal formulation comprising
Scutellariae Radix (Huangqin) and Belamcandae Rhizoma (Shegan) that
is widely used to reduce foul throat odor caused by heat-toxins
affecting the lung and stomach meridians [5]. Huangqin, the dried
root of Scutellaria baicalensis Georgi belonging to the family Labiatae,
is rich in flavonoids, terpenoids, volatile oils, polysaccharides, and
other compounds. Flavonoids, the main active components of
Huangqin, are reported to have anti-inflammatory, antibacterial, and
antiviral properties [6-8]. Shegan, the rhizome of Belamcanda
chinensis (L.) DC, primarily contains iris glycosides, irisin, and other
flavonoids that have anti-inflammatory, antioxidant, and antibacterial
properties [9-11].

Cyberpharmacology is an interdisciplinary field that helps
investigate drug-target relationships through complex networks of
gene or protein interactions [12]. Transcriptomic techniques are used
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to examine the transcriptome, a complete set of all RNA transcripts in
an organism, and identify differentially expressed genes (DEGs)
between healthy and diseased states [13]. Integrating network
pharmacology (NP) with transcriptomic analysis represents an
effective approach to identifying the active compounds and
mechanisms of action of traditional herbal formulations [14-16].

Modern pharmacodynamic investigations have demonstrated that
HQSGD exhibits anti-inflammatory, antibacterial, and antiviral effects
on the respiratory tract [17-19]. Although the pharmacological effects
of individual herbal constituents of HQSGD have been investigated at
the molecular level, their specific mechanisms of action in treating AP
and the intricate interaction network of these mechanisms remain
unclear. Therefore, in this study, we integrated NP with
transcriptomic analysis to examine the operational mechanism of
HQSGD in addressing AP. Animal experiments validated the results to
provide a foundation for further research.

Materials and methods

Reagents

Lipopolysaccharide (LPS) was procured from Sigma Co., Ltd (St. Louis,
MI, USA), (Escherichia coli, O55:B5, L2880-100MG). Rat TNF-a
(MM-0180R1), IL-1 (MM-0047R1), and CRP (MM-0061R1)
enzyme-linked immunosorbent assay (ELISA) kits were procured from
Shanghai Enzyme-linked Biotechnology Co., Ltd. (Shanghai, China).
Rat superoxide dismutase (SOD) (A001-3-2) and malondialdehyde
(MDA) (A003-1-2) assay kits were acquired from Nanjing Jiancheng
Bioengineering Institute (Nanjing, China). A bicinchoninic acid assay
(BCA) assay kit (A003-2-1) was procured from Beijing Solarbio
Science & Technology Co., Ltd. (Beijing, China). PI3K (60225-1-1g),
AKT (10176-2-AP), NF-«xB (10745-1-AP), and p-NF-«B (82335-1-RR)
were procured from Proteintech (Rosemont, IL, USA). p-PI3K
(AP0854) was procured from ABclonal (Woburn, MA, USA). p-AKT
(ET1607-73) was procured from HUABIO (Hangzhou, China). PCR
primers were procured from Sangon Biotech (Shanghai) Co., Ltd.
(Shanghai, China).

Animals and models
A sum of 66 healthy male SD rats of specific-pathogen-free grade (age,
7-8 weeks; weight, 200 + 30 g) were utilized in this investigation.
Rats were purchased from Chengdu Dashuo Experimental Animal Co.,
Ltd. (Chengdu, China), with the license number: SCXK (Chuan)
2020-0030. The animals were housed in the Animal Breeding Room of
Clinical Traditional Chinese Medicine at Shaanxi University of Chinese
Medicine, with a room temperature of (23 = 2) °C, relative humidity
of 50%-60%, and a 12 h light-dark cycle. All experimental animals
were approved by the Animal Ethics Committee of Shaanxi University
of Chinese Medicine. The animal ethics approval number is:
SUCMDL-20231201002. All experimental procedures involving
animals adhered strictly to established protocols for laboratory animal
care and handling. Following a 7-day adaptation period, the rats were
arbitrarily allocated into the following cohorts, with 11 rats in each
cohort: control, model, low-dose (1.8 g/kg) HQSGD, medium-dose
(7.2 g/kg) HQSGD, high-dose (14.4 g/kg) HQSGD, and
positive-control (8 mg/kg azithromycin (AZM)) [20]. Rats in all
cohorts except the control cohort underwent intratracheal instillation.
Briefly, the rats were anesthetized and placed on a plate inclined at
45°, with their heads facing upward and perpendicular to the
operating table. The tongue was gently pulled with forceps to expose
the oral cavity, which was visualized using a smart device adjusted at
an optimal angle. A pipette gun loaded with LPS (5 mg/kg) was
inserted, and the solution was carefully delivered near the opening of
the trachea [21]. The nose was immediately pinched to ensure
inhalation. After 10 seconds, the tongue and nose were gently
released, and a slight tracheal rumble indicated successful
administration [22].

After successful modeling, rats in the low, medium, and high-dose
HQSGD cohorts were administered 1.8 g/kg, 7.2 g/kg, and 14.4 g/kg
HQSGD, correspondingly, via gavage once per day over 4 days [23].
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Rats in the control and model cohorts received an equivalent volume
of 0.9% saline, whereas those in the positive-control cohort were
treated with 8 mg/kg AZM. After 1 h of the last dose, rats were
anesthetized via intraperitoneal injection of sodium pentobarbital.
Subsequently, blood was obtained from the abdominal aorta, and the
lungs were extracted. The rats were ultimately placed in a carbon
dioxide euthanasia chamber, where they were humanely euthanized
using a method of carbon dioxide anesthesia.

The detailed protocol of animal modeling and treatment is depicted
in Figure 1 (Flow chart of animal modeling and treatment). According
to the 2020 edition of the Chinese Pharmacopoeia, the maximum
clinical dose of HQSGD for humans is 10 g. The respective
animal-equivalent doses for the three HQSGD cohorts were calculated
utilizing the body weight (BW) of rats in each cohort.

Preparation and analysis of HQSGD

The chemical composition of HQSGD was examined utilizing
ultra-performance  liquid chromatography (ExionLCTM AD,
https://sciex.com.cn/) in conjunction with ultra-performance liquid
chromatography-tandem mass spectrometry (UPLC-MS/MS). The
herbal constituents of HQSGD were purchased from Huiyuan
Pharmacy (Xianyang, China). The herbs were authenticated by
Professor Ji-Tao Wang from Shaanxi University of Traditional Chinese
Medicine. Huangqin and Shegan were decocted twice with water in a
1:1 ratio [24]. The specific components of HQSGD are listed in Table 1
(List of herbal constituents of HQSGD). For the first decoction, the
herbs were mixed with 8 times the amount of water and boiled for 1 h.
After the solution was filtered, the herbs were decocted with 6 times
the amount of water for 40 min. Filtrates from both decoctions were
combined and concentrated until the concentration of the crude drug
in the solution reached 1 g/mL. All extracts were maintained at — 20
°C pending subsequent analysis [24]. For UPLC-MS/MS examination,
HQSGD extracts were thawed and vortexed for 10 seconds. Thereafter,
100 pL of the extract was pipetted into a 1.5 mL centrifuge tube and

combined with 100 pL of 70% methanol containing an internal
standard extract. If the volume of HQSGD was < 100 pL, the extract
was added in a 1:1 (v/v) ratio. The mixture was vortexed at 12,000
rpm for 15 min at 4 °C and centrifuged for 3 min. The liquid above the
sediment was passed through a 0.22 um filter and kept in an injection
vial for UPLC-MS/MS examination [25].

An Agilent SB-C18 column (Agilent Technologies Inc., Santa Clara,
CA, USA; 1.8 pm, 2.1 mm X 100 mm) was utilized for UPLC. Mobile
phase A comprised 0.1% formic acid in ultrapure water, whereas
mobile phase B comprised 0.1% formic acid in acetonitrile. Elution
was initiated with 5% B at 0.00 min, progressively rising to 95% B
across 9.00 min, and was maintained at 95% B for 1 min. Afterward,
the proportion of B was reduced to 5% from 10.00 to 11.10 min and
maintained at 5% for 14 min to achieve equilibration. Other
parameters were established as below: flow rate, 0.35 mL/min;
column temperature, 40 °C; injection volume, 2 pL [26].

Lung morphology and pathology

The left lung lobes were halved, fixed in picric acid solution for 24 h,
dehydrated, cleared, encased in paraffin, sliced to 5 um thickness, and
stained with haematoxylin-eosin (HE). These sections were then
analyzed under light microscopy to evaluate the pathological and
morphological alterations in the rat lung tissues. The stained tissues
were observed and photographed at 200 x magnification. The tissues
were graded according to the International Harmonization of
Nomenclature and Diagnostic Criteria (INHAND) to evaluate
pathological changes. The results of the grading are presented in Table
2 (Histopathological scoring of rat lung tissues).

Body mass and lung index

The alterations in rat body mass before and after modeling were
calculated as follows = body mass after modeling — body mass before
modeling. The rats’ lung index (%) was computed as: lung mass/body
mass X 100%.

HQSG Decoction
and AZM

Treatment for 4 days (Once
Adaptive LPS instillation |, aday, exceptfor the control
feeding for one times and model group) ‘_{ After 1h
Sampling
Tdays 1day 4days
D1 D7 D8 D12

Figure 1 Flow chart of animal modelling and treatment. LPS, lipopolysaccharide.

Table 1 The list of herbal compositions in HQSGD

Herbal name in Chinese Herbal name in the Plant List Dosage
Huangqin Scutellaria baicalensis Georgi 250 ¢g
Shegan Belamcanda chinensis (L.) DC. 250 g

Table 2 Histopathological scoring of rat lung tissues

Grade (number) Species Description

Tissues were considered normal when accounting for factors such as the age, sex, and strain
of the animals. Deviations observed under other conditions were considered abnormal.
Observed changes exceeded the normal range.

Lesions were pronounced and were likely to worsen.

0 Within normal range

1 Very slight

2 Slight Lesions were observed but were not severe.
3 Moderate

4 Severe

Lesions were extremely severe (affected the entire tissue or organ).
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ELISA in AP rats

The tumor necrosis factor-a (TNF-a), interleukin-1f (IL-1f), and
C-reactive protein (CRP) levels in rat serum were detected utilizing
the corresponding ELISA kits per the supplier’s protocol. To assess
oxidative stress levels, rat lung tissues were homogenized, and total
protein was detected utilizing a BCA assay kit. Afterward, the levels of
SOD and MDA in lung tissue homogenates were evaluated using
corresponding assay kits per the supplier’s protocol.

Analysis of pharmacological networks

Identification of 28 active ingredients in HQSGD using the
UPLC-MS/MS coupled technique. Access the PubChem database
(https://pubchem.ncbi.nlm.nih.gov/) and import data from the
SwissTargetPrediction database (http://www.swisstargetprediction.ch
/) [27]. Duplicates were eliminated to obtain a list of potential targets
of HQSGD. In addition, the keyword “acute pneumonia” was used to
identify ~ AP-specific targets in the GeneCards database
(www.genecards.org/) and OMIM database (https://www.omim.org/)
[28]. Finally, the Venny (version 2.1.0) tool
(https://bioinfogp.cnb.csic.es/tools/venny/index.html) was utilized
to create a Venn diagram to intersect the potential targets of HQSGD
with AP-specific targets.

Construction of the protein-protein interaction (PPI) network
The intersecting targets identified in the Venn diagram were entered
into the STRING database (https://www.string-db.org/) to generate a
PPI network, with the organism being designated as “Homo sapiens”
and the interaction score being established at 0.9 and adjusted the
confidence to hide the free proteins in the network [29].
Subsequently, the network was rendered visually employing
Cytoscape (version 3.8.0) software. The PPI network was developed
utilizing the key targets, incorporating topological parameter degree
> averaged degree values of each node.

Analysis of Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) enrichment

GO and KEGG enrichment analyses were performed to predict
potential biological functions and regulatory molecular pathways of
HQSGD using David (https://david.nciferf.gov/) enrichment analyses
of overlapping targets [30]. The cut-off species for the KEGG pathway
enrichment analysis was Homo sapiens and the threshold was set at P
< 0.01 [31]. In GO analysis, the overlapping target genes were
categorized into three domains, namely, biological processes,
molecular functions, and cellular components.

Sequencing of the transcriptome

Lung tissue specimens were procured from rats in the control, model,
and high-dose HQSGD cohorts. The samples were sent to Guangzhou
Kidio Biotechnology Co., Ltd. (Guangzhou, China) for RNA extraction
and sequencing and were analyzed using an online analysis platform
developed by the company. The company measured the RNA’s quality
and quantity utilizing a NanoPhotometer spectrophotometer, a Qubit
2.0 fluorometer, and an Agilent 2100 Bioanalyzer. Furthermore, we
identified DEGs between the control and model cohorts and between

the high-dose HQSGD and model cohorts using FDR values of < 0.05
and |log, fold change| values of > 1 as the screening criteria. Volcano
plots and heat maps were generated to visualize both sets of DEGs.
Subsequently, the DEGs underwent functional annotation through GO
and KEGG pathway enrichment analyses. The KEGG pathways linked
to both sets of DEGs were intersected with those associated with the
overlapping target genes. Based on the ranking of the three KEGG
enriched pathways and the upstream and downstream relationships of
the pathways, the most relevant pathways were identified and further
validated for follow-up.

Western blotting

To extract total protein, 20 mg of rat lung tissue was ground and lysed
in RIPA buffer (Beijing Solarbio Science & Technology Co., Ltd.,
Beijing, China). Protein concentration was detected utilizing a BCA
assay kit. The protein specimens were adjusted to the same
concentration as the protein sample solution and heated at a high
temperature until denaturation occurred. The isolated proteins were
shifted onto a PVDF membrane utilizing the wet transfer technique.
The membrane was treated with 5% skimmed milk to inhibit
non-specific binding, succeeded by overnight incubation at 4 °C with
primary antibodies targeting PI3K (Proteintech, Rosemont, IL, USA),
p-PI3K (ABclonal, Woburn, MA, USA), AKT (Proteintech, Rosemont,
IL, USA), p-AKT (HUABIO, Hangzhou, China), NF-kB (Proteintech,
Rosemont, IL, USA), p-NF-xB (Proteintech, Rosemont, IL, USA), and
GAPDH (Abcam, Cambridge, United Kingdom). The following day, the
membrane underwent rinsing with TBST buffer (Beijing Solarbio
Science & Technology Co., Ltd., Beijing, China) and was then exposed
to a horseradish peroxidase (HRP)-linked secondary antibody
(Proteintech, Rosemont, IL, USA; 1:10,000) for 60 min at ambient
condition. Thereafter, the membrane was rinsed with TBST buffer and
stained. Protein bands were identified utilizing an enhanced
chemiluminescence system, and the comparative protein levels of
genes of interest were evaluated employing ImageJ 1.8.0.345
software, with GAPDH functioning as the internal reference gene. The
assay was conducted in triplicate.

Quantitative polymerase chain reaction (q-PCR)

RNA was isolated from rat lung specimens utilizing the Trizol reagent
(TRANS, Cairo, Egypt). The RNA was then transformed into cDNA
through reverse transcription and q-PCR analysis employing the SYBR
Green Real-time PCR Master Mix kit. The comparative mRNA levels of
PI3K, AKT, and NF-xB were determined utilizing the g aact
methodology, with GAPDH functioning as the internal control gene.
The primer sequences employed for target gene amplification are
depicted in Table 3.

Statistical analysis

The statistical examination was conducted utilizing GradPad Prism
(version 9.0) and SPSS Statistics (version 25.0) programs. All findings
were presented as the ( * ). Comparisons between two groups
employed a t-test, while evaluations across three or more cohorts
applied one-way ANOVA. A P-value of < 0.05 deemed statistically
significant differences.

Table 3 Primer sequences for target genes

Gene name Primer name Primer sequence (5™-3’) Product length/bp
rat-GAPDH-F GCTTCTACGGTGCGGAGATTGTGT

GADPH 188
rat-GAPDH-R GCCTGCTTCACCACCTTCTTGA
rat-PI3K-F TCCTACAGTCCTATCCAATGA

PI3K 197
rat-PI3K-R CGTCCTTCACAATCTCTATCA
rat-AKT-F TACAACCAGGACCATGAGAA

AKT 206
rat-AKT-R TCATACACATCTTGCCACAC
rat-NF-«xB-F GGAAGACAAGGAAGAGGATG

NF-«B 199
rat-NF-kB-R GTGGATGATGGCTAAGTGTA
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Results

Chemical ingredients analysis of HQSGD

The chemical ingredients of HQSGD were examined via UPLC-MS/MS.
Mass spectral data was evaluated utilizing the Analyst (version 1.6.3)
software. The total ion current (TIC) chromatogram shown in Figure 2
represents the aggregate of ion intensities in the mass spectra as a
function of time. Eventually, a total of 2,715 active ingredients of
HQSGD were identified via UPLC-MS/MS in Supplementary Table S1.
These ingredients were screened based on oral bioavailability values
of = 30% and drug-like properties values of = 0.18 in the TCMSP
database. The ingredients selected based on the aforementioned
criteria were integrated with those identified from a literature search
in the CNKI and PubMed databases, resulting in the identification of
28 potent active ingredients (Table 4).

Histopathological changes in rat lungs

A rat model of AP was established via intratracheal instillation of LPS
without exposure. HE and Masson staining techniques assessed
histopathological alterations in rat lung specimens. HE staining of
lung tissues from the model cohort revealed congested airway walls
and alveoli, thickened alveolar septa, an increased abundance of
interstitial neutrophils, marked infiltration of inflammatory cells, and
damage to alveolar epithelial cells. In contrast to the model cohort,
the HQSGD and AZM cohorts had a lower proportion of interstitial
granulocytes and inflammatory cells and showed significant
improvements in the morphological features of alveolar epithelial

A

cells and alveoli (Figure 3A). Furthermore, histopathological scores
were notably elevated in the model cohort relative to the control
cohort and substantially diminished in the HQSGD cohort relative to
the model cohort (Figure 3C).

Masson staining indicated that the deposition of collagen fibers
(stained blue) in rat lung tissue’s alveolar septum and interstitium was
more pronounced in the model cohort relative to the control cohort.
However, both collagen fiber deposition and lung fibrosis were less
severe in the HQSGD cohort than in the model cohort (Figure 3B).
Additionally, rats in the model cohort exhibited compromised health
and experienced notable alterations in BW. Specifically, the BW of rats
was markedly elevated (P < 0.05) in the high-dose HQSGD cohort
compared to the model cohort (Figure 3D). The lung index, which was
computed by comparing lung tissue mass with BW, was substantially
elevated in the model cohort relative to the control cohort (P <
0.001) but considerably diminished in the high-dose HQSGD cohort
relative to the model cohort (P < 0.05). In particular, the lung index
showed a decreasing trend in all HQSGD-treated and AZM cohorts
(Figure 3E). These results suggested that HQSGD alleviated lung
damage in rats with AP.

Analysis of serum inflammatory factors and oxidative stress
indicators

TNF-a, IL-1f, and CRP serum levels were markedly elevated in the
model cohort relative to the control cohort but substantially
diminished in the AZM and high-dose HQSGD cohorts relative to the
model cohort (Figure 4A-4C). SOD activity in lung tissues was notably
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Figure 2 UPLC-MS/MS analysis of HQSGD. (A) Chromatogram in the positive ion mode. (B) Chromatogram in the negative ion mode. The x-axis
indicates the retention time of metabolites, whereas the y-axis indicates the intensity of the ion current in counts per second (Cps).
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Figure 3 HQSGD counteracted pathological changes in the lungs of rats with acute pneumonia. (A) HE staining (X 200, scale bar = 100 pm).
(B) Masson staining ( X 200, scale bar = 100 pm). (C) Histopathological scores of rat lung tissues. (D) Changes in body mass. (E) Changes in the

lung index. ***P < 0.001 vs control group; P < 0.05, P < 0.01, P < 0.001 vs model group; n = 6. AZM, azithromycin.
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Figure 4 HQSGD restored the levels of inflammatory factors in the serum and those of oxidative stress indicators in lung tissues in rats
with acute pneumonia. (A) Serum levels of TNF-a. (B) Serum levels of IL-1f3. (C) Serum levels of CRP. (D) Activity of SOD in lung tissue
homogenates. (E) Expression of MDA in lung tissue homogenates. “**P < 0.001 vs control group; P < 0.05, “P < 0.01, ""P < 0.001 vs model
group; n = 6. AZM, azithromycin; TNF-a, tumor necrosis factor-a; IL-1f, interleukin-13; CRP, C-reactive protein; SOD, superoxide dismutase;

MDA, malondialdehyde.

Table 4 28 ingredients of HQSGD

Number Compounds Formula CAS Molecular weight (Da)
1 Baicalin CyH;01; 21967-41-9 446.08
2 Baicalein Cy5H,005 491-67-8 270.05
3 Wogonin-7-O-Glucuronide (Wogonoside) CyH001, 51059-44-0 460.10
4 Wogonin (5,7-Dihydroxy-8-Methoxyflavone) Cy6H;,05 632-85-9 284.07
5 Scutellarein-7-O-glucuronide (Scutellarin)” CxHi504, 27740-01-8 462.08
6 Scutellarein (5,6,7,4-Tetrahydroxyflavone) Cy5H,,06 529-53-3 286.05
7 Tectorigenin’ C16H1,04 548-77-6 300.06
8 Tectoridin Cp,H,,01, 611-40-5 462.12
9 Skullcapflavone II CyoH;504 55084-08-7 374.10
10 Acacetin’ Cy6H,,05 480-44-4 284.07
11 Luteolin (5,7,3’,4-Tetrahydroxyflavone)” Cy5H,,06 491-70-3 286.05
12 Taxifolin (Dihydroquercetin) Cy5H;,0, 480-18-2 304.06
13 Rivularin Cy5H,60, 70028-59-0 344.09
14 Resveratrol C,4H;,04 501-36-0 228.08
15 Irisflorentin CyoH,504 41743-73-1 386.10
16 Mangiferin CyoH;501; 4773-96-0 422.08
17 Kaempferol (3,5,7,4’-Tetrahydroxyflavone) C15H;00¢ 520-18-3 286.05
18 Isorhapontigenin"\ Ci5H,,0, 32507-66-7 258.09
19 Isorhamnetin; 3’-Methoxy-3,4’,5,7-Tetrahydroxyflavone Cy6H,,0, 480-19-3 316.06
20 Iristectorin B Cy3H,4045 94396-09-5 492.13
21 Eriodictyol (5,7,3’,4’-Tetrahydroxyflavanone) Cy5H,,06 552-58-9 288.06
22 Dimethylmatairesinol CyH,606 25488-59-9 386.17
23 Dihydrobaicalein Cy5H,,05 35683-17-1 272.07
24 Chrysin-8-C-glucoside Cy1H,004 160880-89-7 416.11
25 Chrysin-7-O-Glucuronide C,Hy504 35775-49-6 430.09
26 Chrysin-6-C-arabinoside-8-C-glucoside CyeH,5015 185145-33-9 548.15
27 Chrysin Cy5H,004 480-40-0 254.06
28 Norwogonin C15H1005 4443-09-8 270.05

*: The presence of an asterisk in the name of a metabolite indicates that the detection results include isomers that cannot be distinguished from the
substance, which are marked with an asterisk.
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reduced in the model cohort relative to the control cohort but
remarkably higher in the AZM and high-dose HQSGD cohorts than in
the model cohort (Figure 4D). MDA expression in lung tissues was
markedly elevated in the model cohort versus the control cohort but
significantly lower in the AZM and high-dose HQSGD cohorts than in
the model cohort (Figure 4E).

Prediction of targets of HQSGD via NP
A total of 28 active compounds of HQSGD were identified via
UPLC-MS/MS and NP. By de-weighting and combining the two

approaches, 645 potential targets of HQSGD were identified.
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Additionally, 780 AP-related targets were identified. A Venn diagram
was generated to intersect the two sets of targets, resulting in the
identification of 220 overlapping (common) targets (Figure 5A). A PPI
network of these overlapping targets was generated utilizing the
STRING database and depicted through the Cytoscape (version 3.8.0)
software (Figure 5B), followed by mapping of an active
compound-target network (Figure 5C). Subsequently, the possible
mode of action of HQSGD in addressing AP was investigated using the
DAVID 2021 online platform. The top 10 GO terms and the top 20
KEGG pathways linked to the target genes are depicted in Figure 5D,
5E, respectively.
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Figure 5 Network pharmacology. (A) Venn diagram demonstrating 220 overlapping target genes. (B) PPI network of overlapping genes. (C)
Active compound-target network. (D) GO functional annotation analysis of potential therapeutic targets. (E) KEGG pathway enrichment analysis of
potential therapeutic targets. HQSGD, Huanggin Shegan Decoction.
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RNA-Seq analysis

For RNA-seq, lung tissue specimens were procured from rats in the
control, model, and high-dose HQSGD cohorts. As shown in the
principal component analysis plot in Figure 6A, the gene expression
profiles of the three cohorts differed notably, ensuring the accuracy of
subsequent differential expression analysis. Based on |log,FC| values
of > 1 and FDR values of < 0.05, a sum of 2,947 DEGs, encompassing
1,090 increased, and 1,884 decreased genes, were determined
between the control and model cohorts. Similarly, a sum of 2,588
DEGs, encompassing 1,662 increased and 926 decreased genes, were
determined between the model and high-dose HQSGD cohorts (Figure
6B). These DEGs were visualized on heat maps and volcano plots

(Figure 6C-6F). GO and KEGG pathway enrichment analyses were
conducted to compare the control vs. model cohort and the model vs.
high cohort in Figure 7A-7D. The top 20 KEGG pathways linked to the
DEGs were visualized and intersected with the top 20 KEGG pathways
linked to the target genes utilizing a Venn diagram. Five overlapping
pathways were identified, namely, TNF, NF-xB, PI3K-AKT, HIF-1, and
MAPK signaling pathways (Figure 7E). KEGG analysis showed that the
PI3K-AKT and NF-kappa B pathways were essential in the mechanism
of action of HQSGD in AP. Mapping the PI3K-AKT, pathway revealed
its upstream and downstream interactions within the
PI3K/AKT/NF-«B signaling cascade. Therefore, proteins and mRNAs
linked to the PI3K-AKT and NF-kappa B pathways were further
validated.
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Figure 6 Transcriptomic analysis of rat lung tissues. (A) Principal component analysis plot. (B) Identification of differentially expressed genes
between groups. (C) Volcano plot demonstrating differentially expressed genes between the control and model groups. (D) Heat map demonstrating
differentially expressed genes between the control and model groups. (E) Volcano plot demonstrating differentially expressed genes between the
model and high-HQSGD groups. (F) Heat map demonstrating differentially expressed genes between the model and high-HQSGD groups.
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Figure 7 GO and KEGG enrichment analyses after comparing groups. (A) GO enrichment analysis of differentially expressed genes between the
control and model groups. (B) KEGG enrichment analysis of differentially expressed genes between the control and model groups. (C) GO
enrichment analysis of differentially expressed genes between the model and high-HQSGD groups. (D) KEGG enrichment analysis of differentially
expressed genes between the model and high-HQSGD groups. (E) Three sets of Venn diagrams that take the intersections into account.

Effect of HQSGD on the expression of PI3K/AKT/NF-kB
pathway-related proteins in lung tissue of rats with AP

Based on the results of NP and transcriptomic sequencing, the good
separation of the groups is clearly shown in Figure 8A. It shows that
these three groups are significantly different on the main variables.
The PI3K/AKT/NF-kB pathway was implicated in the action
mechanism of HQSGD in the treatment of AP. As shown in Figure
8B-8D, the proportions of p-PI3K/PI3K, p-AKT/AKT, and
p-NF-kB/NF-kB proteins in lung tissues were notably elevated in the
model cohort relative to the control cohort (P < 0.01). Nevertheless,
these proportions were markedly reduced in the AZM cohort and the
three HQSGD cohorts than in the model cohort (P < 0.05, P < 0.01).

Effect of HQSGD on mRNA expression of key genes in rats with AP
The mRNA expression of the three crucial genes, PI3K, AKT, and
NF-kB, was verified through g-PCR, using GAPDH as the internal
reference. The results showed that the mRNA expression of PI3K, AKT,

Submit a manuscript: https://www.tmrjournals.com/tmr

and NF-xB was notably elevated in the model cohort relative to the
control cohort but significantly lower in the AZM cohort and the three
HQSGD cohorts than in the model cohort (Figure 9).

Discussion

TCM attributes pneumonia primarily to the invasion of warmth and
heat into the lungs. The core pathological conditions of pneumonia
involve wind-heat and phlegm-heat. Therefore, treatment typically
focuses on clearing lung heat, relieving external symptoms, and
eliminating heat, phlegm, and toxins from the body [32]. Excessive
inflammatory responses in the lungs disrupt the normal function of the
airway, cilia, and alveolar epithelium [1]. HQSGD, listed in volume
XII of the Classical Compilation of Medical Notes (Formulae for
Pharyngeal and Throat Disorders), is known for its affinity for the lung
meridian. It is frequently used to clear lung heat and is considered a
key treatment agent for cough caused by lung heat. Shegan is
commonly prescribed for conditions such as fever, phlegm-heat
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patterns, sore throat, cough, and asthma. It possesses heat-clearing
and detoxifying properties and can dispel phlegm and promote
sweating. The combination of Huanggin and Shegan effectively clears
heat and toxins from the lungs and stomach, alleviates congestion, and
relieves throat symptoms, thereby exerting synergistic therapeutic
effects against pneumonia [17, 33].

LPS, an endotoxin produced by Gram-negative bacteria, serves a
crucial function in the inflammatory reaction to pneumonia in
pediatric patients [34]. It has been shown to induce high expression of
chemokines and inflammatory factors in various cell types in vivo and
ex vivo. Therefore, LPS is commonly used to establish cell models of
inflammation in studies on numerous diseases, including pneumonia
[35, 36]. HQSGD has demonstrated promising therapeutic efficacy in
pneumonia [37].

In this investigation, we developed a rat model of LPS-induced AP to
evaluate the curative potential of HQSGD. Histopathological analysis
showed that HQSGD reduced inflammatory cell infiltration in lung
tissues and alleviated lung injury in rats with AP. Furthermore,
HQSGD significantly increased the BW and decreased the lung index
of rats with AP. Compared with the model cohort, the HQSGD-treated

cohorts had significantly lower levels of the inflammatory factors
TNF-a, IL-1f3, and CRP in the serum and significantly higher activity
of SOD, an indicator of reduced oxidative stress, and lower expression
of MDA in lung tissues.

NP and transcriptomic sequencing are common methods for
investigating the mechanisms of action of drugs [38]. However, each
method has inherent limitations and may yield false-positive results.
Certain factors need to be considered when using these methods, such
as the varying composition of herbs at different doses, alterations in
the chemical composition of drugs after decoction, and discrepancies
in the expression of disease-related genes between databases and
animal models [39]. Therefore, we analyzed the chemical composition
of HQSGD via UPLC-MS/MS and identified potent active compounds
and their targets via NP. This approach was further integrated with
transcriptomic analysis to enhance the reliability of the results. The
results suggested that HQSGD exerted therapeutic effects against AP
through modulation of the PI3K/AKT/NF-kB pathway. The PI3K
pathway regulates redox reactions, inflammatory responses,
apoptosis, and cell survival [40]. LPS-induced AP promotes activation
of the PI3K pathway, which activates the NF-xB and MAPK pathways.
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These pathways have modulated the transcription of antioxidant and
inflammatory factors. As a crucial cell signaling pathway, AKT
regulates cell proliferation, metabolism, and inflammatory responses.
AP-induced lung injury upregulates the AKT signaling pathway, and
subsequent activation of related pathways, such as NF-kB, enhances
the inflammatory response, further exacerbating the condition [41].
NF-«B is positioned in the signaling cascade subsequent to AKT. Upon
activation, an inhibitor of kappa B kinase (IKK) phosphorylates and
degrades IkB. NF-kB dissociates from IkB and translocates to the
nucleus, where it interacts with additional transcriptional regulators
to modulate the expression of genes associated with inflammation,
immunity, and various other processes [42, 43]. The PI3K/AKT/NF-xB
pathway is crucial in the development of bacterial pneumonia.
Pathogenic bacteria can upregulate apoptotic proteases, leading to
immune cell apoptosis. This event triggers a conformational change in
PI3K and activates it, promoting the binding and phosphorylation of
AKT and other PI3K activation messengers. Consequently, the
downstream NF-kB pathway is stimulated, triggering an
overproduction of pro-inflammatory mediators encompassing IL-1f,
IL-6, and TNF-a, which exacerbate local tissue damage [44-47]. In
this study, western blotting showed that HQSGD decreased the protein
expression of PI3K, AKT, and NF-kB in the lung tissues of rats with AP.
HQSGD’s suppression of the PI3K/AKT/NF-kB signaling cascade
mitigated the secretion of subsequent inflammatory factors, thereby
alleviating inflammatory damage in lung tissues.

In recent years, numerous in vitro and in vivo experimental
investigations have validated that the PI3K/AKT signaling pathway
exerts an inhibitory influence on lung inflammatory responses
[48-50]. In addition, research has demonstrated that the
PIBK/AKT/NF-kB cascade is crucial in oxidative stress and
inflammatory responses in AP models [51, 52]. Regulating the
expression of the PI3K/AKT pathway facilitates the transcription of
various downstream antioxidant factors. On the contrary, suppressing
the NF-xkB pathway suppresses the synthesis and release of
pro-inflammatory mediators like TNF-a, HIF-a, and IL-1f. Therefore,
drugs targeting the PI3K/AKT/NF-kB signaling pathway hold
substantial potential in the treatment of AP [49, 51, 52]. However,
studies investigating the PI3K/AKT/NF-xB pathway at the molecular
level are limited at present, and the relationship among downstream
factors involved in this pathway warrants further investigation [50,
53, 54]. The treatment of AP requires rapid and effective intervention,
and the onset of action of TCM may be slower, which may not be
suitable as the first choice of treatment for AP. Therefore, the
application of HQSGD in the treatment of AP may be limited by its
traditional indications, the diversity of pathogens, the severity of the
disease, and the availability and effectiveness of modern medical
treatments.

In the treatment of AP, TCM can serve as a complementary
approach to modern medical therapy. The integration of TCM with
Western medical treatments may demonstrate enhanced efficacy.

Conclusions

In summary, this research showed that treatment with high-dose
HQSGD substantially alleviated lung damage in rats with AP.
Mechanistically, HQSGD potentially exhibits anti-inflammatory
characteristics through its suppression of the PI3K/AKT/NF-kB
pathway. Nonetheless, the precise processes by which HQSGD
modulates the PI3K/AKT/NF-«B signaling cascade and its downstream
molecules in the treatment of AP remain unclear. Elucidating these
mechanisms may provide novel avenues for expanding the clinical
application of HQSGD.
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