Journal of Ethnopharmacology 294 (2022) 115351

Contents lists available at ScienceDirect

Journal of Ethnopharmacology

Journal of

ETHNO-
o N PHARMACOLOGY

ELSEVIER journal homepage: www.elsevier.com/locate/jethpharm

Check for

Integrated systems pharmacology and transcriptomics to dissect the S|
mechanisms of Loki Zupa decoction in the treatment of murine
allergic asthma

Cong Xie?, Aman Gul*", Hang Yu™", Xi Huang *", Lingling Deng *", Yue Pan ™,

Shuangshuang Ni“, Mammat Nurahmat ¢, Muhammadjan Abduwaki ¢, Qingli Luo ™",
s a,b,*
Jingcheng Dong ™
@ Department of Integrative Medicine, Huashan Hospital, Fudan University, Shanghai, China
Y Institute of Integrative Medicine, Fudan University, Shanghai, China
¢ School of Pharmacy, Fudan University, Shanghai, China
4 Sinopharm Xinjiang Pharmaceutical Co., Ltd., Urumgi, Xinjiang, China
€ College of Xinjiang Uyghur Medicine, Hotan, Xinjiang, China
ARTICLE INFO ABSTRACT
Keywords: Ethnopharmacological relevance: Loki zupa (LKZP) decoction, a traditional Uyghur medicine prescription, has been
Loki zupa commonly used to treat numerous respiratory ailments in the Xinjiang region of western China, especially
f‘sftlhma . chronic airway inflammatory diseases such as allergic asthma. Due to its complex chemical composition, how-
nflammation ever, the mechanism of action of LKZP has yet to be fully elucidated.
Pharmacology . . . . .. . .
Transcriptomics Aim of the study: Based on the balanced regulation theory of pro-inflammation and anti-inflammation, we tried to

investigate the effectiveness of LKZP on asthma and its related protective mechanisms.

Materials and methods: In this study, an experimental model of asthma was established using ovalbumin (OVA) in
BALB/c mice to assess the effects of LKZP. The potential mechanism of LKZP anti allergic asthma were researched
by the combination of in silico systems pharmacology and in vivo transcriptomics.

Results: Our data revealed that LKZP exerted a therapeutic effect against OVA-induced asthma by reducing
airway hyperresponsiveness (AHR), peribronchial inflammation, and mucus hypersecretion. Meanwhile, LKZP
downregulated the expression of OVA-induced IgE, interleukin (IL)-4, IL-5, IL-13, and tumor necrosis factor
(TNF)-a and concurrently promoted the expression of interferon (IFN)-y in serum and bronchoalveolar lavage
fluid (BALF). Systems pharmacology analysis identified 10 core bioactive ingredients and 26 hub targets of LKZP
against asthma. Transcriptomic analysis confirmed 246 differentially expressed genes (DEGs) after LKZP treat-
ment. These were mainly expressed in cytokine-cytokine receptor interactions and immune and inflammatory
response-related signaling pathways. Additionally, the real-time quantitative PCR (qQPCR) results for the nine
selected DEGs matched those of the RNA-seq analysis. Nuclear factor (NF)-kB and hypoxia-inducible factor (HIF)-
1 signaling pathways were identified as candidate targets involved in the action of LKZP on allergic asthma,
which was highly consistent with the findings in silico. By qPCR, Western blot, and immunohistochemical
analysis, it was verified that LKZP treatment dramatically inhibited the activation of NF-kB p65 and HIF-1a
stimulated by OVA in asthmatic mice.

Conclusions: Taken together, our experimental data revealed that LKZP could be a candidate for the treatment of
allergic asthma via NF-xB and HIF-1 signaling pathways.
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Abbreviations IL interleukin
LKZP Loki zupa
ACT asthma control test OVA ovalbumin
AHR airway hyperresponsiveness PBS phosphate buffered saline
BALF bronchoalveolar lavage fluid PCR polymerase chain reaction
COPD  chronic obstructive pulmonary disease PEF peak expiratory flow
DEGs differentially expressed genes PPI protein-protein interaction
ECM extracellular matrix PVDF polyvinylidene fluoride
ELISA  enzyme-linked immunosorbent assay RCT randomized controlled trial
HIF hypoxia-inducible factor SDS-PAGE sodium dodecyl sulfate polyacrylamide gel
HPLC high performance liquid chromatography electrophoresis
HRP horseradish peroxidase TCM traditional Chinese medicine
ICS inhaled glucocorticoids TNF tumor necrosis factor
IHC immunohistochemistry

1. Introduction

Asthma is a chronic respiratory disease characterized by airway
inflammation and airway hyperresponsiveness (AHR) that affects
approximately 334 million people worldwide (Aun et al., 2017). Asthma
manifests as recurrent wheezing, shortness of breath, chest tightness, or
cough, often with aggravation at night and in the early morning. This
has seriously depressed the life quality of asthma patients (Papi et al.,
2018).

Currently, asthma treatment relies on inhaled glucocorticoids (ICS),
f2 receptor agonists, leukotriene regulators, theophylline, and anticho-
linergic agents. However, due to the complex etiologies of asthma and its
diverse manifestations among different individuals, the effectiveness of
conventional therapy remains limited. Additionally, many of these drugs
have potentially serious side effects, including metabolic disorders,
increased cardiovascular disease risk, and gastrointestinal injury (Car-
amori et al., 2021; Derendorf et al., 2006).

Due to these limitations, herbal medicine products have emerged as
alternative therapeutic options for asthma. Many traditional Chinese
medicine (TCM) formulas and products have been used to treat asthma.
Based on an abundant combination of herbs, their sophisticated chem-
ical compositions, and a multi-target therapeutic approach, TCM for-
mulas provide an easier and more flexible approach to asthma therapy.

Loki zupa (LKZP) consists of two herbs, namely, Hyssopus cuspidatus
Boriss (Shenxiangcao, SXC) and Iris halophila Pall (Yuanweigen, YWG).
LKZP was originally recorded in the classic “Ehtiyarati bedeay” during
the 14th century in Xinjiang region of China and was used as a therapy
for respiratory inflammatory diseases caused by “excessive mucus”, such
as common cold, influenza, bronchitis, asthma, and pneumonia.

Our previous a randomized controlled trial (RCT) demonstrated that
adding LKZP to standard ICS produced clinically significant improve-
ments in ACT score, PEF, daytime symptom-free days, and acute exac-
erbation in patients with chronic asthma (Lv et al., 2018). Animal model
studies have shown that LKZP decoction and its extracts significantly
reduced AHR, attenuated airway inflammation, promoted Thl, and
suppressed Th2 cell functions in an ovalbumin (OVA)-induced asthmatic
mouse model (Wei et al., 2016). In subsequent studies, quantitative
proteomic profiling of targeted proteins suggested that LKZP’s attenu-
ation of airway inflammation and fibrosis may be associated with
extracellular matrix (ECM)-receptor interaction and that RMB 10 and
COL6A6 may be the targets (Wunigiemu et al., 2021). In addition, LKZP
decoction showed protective effects in the lungs of the a cigarette
smoke-induced COPD rat model (Mohammadtursun et al., 2020).
However, no studies have reported the anti-asthmatic effects of LKZP
decoction at the transcriptional level and its correlative-specific
signaling pathways. Therefore, the objective of this study was to
determine the effects of LKZP in an asthma mouse model and further
explore its underlying mechanisms by means of systems pharmacology

and transcriptome analysis.
2. Materials and Methods
2.1. Preparation and extraction of a LKZP decoction

All decoction pieces in the LKZP formula were purchased from the
Xinjiang Maidisen traditional Uyghur medicine Co. Ltd. (Hotan, Xin-
jiang, China) and the plant materials were identified morphologically
and histologically according to a standard Chinese herbal identification
procedure by Professor Feng Ying of the Xinjiang Institute of Ecology
and Geography, Chinese Academy of Sciences.

LKZP decoction was performed using a water extraction and alcohol
precipitation method. The herb Hyssopus cuspidatus Boriss. (60 g) and Iris
halophila Pall. roots (60 g) were extracted at a 1:1 ratio twice, each for 2
h. Twelve (12) units of water was added and soaked for 2 h. Another 10
times water was added. The two decoctions were then blended and
filtered. The extract was concentrated to a relative density of 1.05
(60 °C), and ethanol was added to 60% of the alcohol content. The
extract was left at room temperature for 12 h and then centrifuged.
Ethanol was recovered from the supernatant by decompression and
concentration to a relative density of 1.05 (60 °C). The finished de-
coctions were prepared in Sinopharm Xinjiang Pharmaceutical Co., Ltd.
(Urumgqi, Xinjiang, China). The mass spectra of LKZP extract was
determined for quality control by high performance liquid chromatog-
raphy (HPLC, Supplementary Material 1).

2.2. Animals and experimental design

The asthma model was established and treated as shown in Fig. 1A.
Sixty specific pathogen-free (SPF) female BALB/c mice (aged 6-8 weeks)
weighing 18.6 g-21.2 g were procured from Shanghai JieSiJie Labora-
tory Animal Co., Ltd. (Shanghai, China). The mice were supplied with
standard maintenance mouse chow and sterile water ad libitum. All
procedures were conducted in accordance with the “Laboratory Animal
Guideline for ethical review of animal welfare (GB/T 35892-2018,
China)” and were approved by the Animal Welfare and Ethics Com-
mittee of the Department of Laboratory Animal Science, Fudan Uni-
versity. The Institutional Animal Care and Use Committee (IACUC)
number was 2020-HSYY-JS-675 (Supplementary Material 2).

After adaptive feeding for 1 week at the School of Pharmacy, Fudan
University Efficacy Evaluation Experiment Animal Center (Shanghai,
China), sixty (60) mice were arbitrarily divided into six groups (10
mice/group). Ten mice were in the control group, and the rest of the
mice were multi-sensitized with 100 pg of OVA (Grade V; Sigma-
Aldrich; St. Louis, MO, USA) mixed with 1 mg aluminum hydroxide
adjuvant (Thermo Fisher Scientific, Waltham, MA, USA) in 0.2 ml of
saline solution by intraperitoneal injection (i.p.) on days 0, 7, and 14.
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Fig. 1. LKZP decoction reduced AHR in OVA-induced
murine allergic asthma model. (A) Protocol of the
asthma model establishment and treatment as
described in Materials and Methods. (B) Increase of
R.%. (C) Changes in R, to Mch dose of 12.5 mg/ml.
(D) Decrease of Cdyn%. (E) Changes in Cdyn to Mch
dose of 12.5 mg/ml. The data are presented as the
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These mice were then exposed to 3% OVA (Grade II, w/v) solution using
an ultrasonic nebulizer (402AI, Yuwell, Zhenjiang, Jiangsu, China) for
30 min from day 18 to day 24. Mice in the control group were sensitized
and challenged with saline. The remaining 50 OVA-treated mice were
randomly assigned to the following five groups: the OVA-induced
asthma model group (OVA/saline group), low-dose LKZP decoction
(2.275 g/kg/d)-treated group, middle-dose LKZP decoction (4.55 g/kg/
d)-treated group, high-dose LKZP decoction (9.1 g/kg/d)-treated group,
and dexamethasone treated group (n = 10 for each group).

Drug treatment was initiated on the day before the first ultrasound
nebulizer inhalation of OVA antigen fluid. According to the drug dose
conversion formula for humans and mice, the gastric perfusion doses
were 2.275, 4.55, and 9.1 g/kg in the low-dose, middle-dose and high-
dose LKZP decoction group, respectively. The final concentrations
used for oral administration were equivalent to 15, 30, and 60 g of raw
herbal medicine per kg body weight. For dexamethasone treatment,
mice were intragastrically administered 1 mg/kg dexamethasone
(Winherb, Shanghai, China) for 8 consecutive days from day 17 to day
24. In addition, the mice in control group and the asthma model group
were treated with equal volume of saline only.

2.3. Measurement of AHR

On day 25, 24 h after the last OVA aerosol exposure, a bronchial

provocation test was performed to determine AHR in mice. Here, we
adopted 2% pentobarbital sodium (50 mg/kg body weight) as the
anesthetic drug. Changes in airway resistance (R;) and lung dynamic
compliance (Cdyn) were recorded by a whole-body plethysmograph
(DSI Buxco FinePointe RC System, Troy, NY, USA) as described previ-
ously (Jin et al., 2013). Briefly, the mice were exposed to methacholine
(Mch) at sequentially increasing concentrations (0, 3.125, 6.25 and 12.5
mg/ml) under anesthesia to evaluate lung function. The results were
expressed as a percentage change relative to the baseline phosphate
buffered saline (PBS) value (Glaab et al., 2001).

2.4. Collection and detection of blood and bronchoalveolar lavage fluid
(BALF)

Blood samples were left at room temperature for 2 h, and then
centrifuged at 2500 rpm at 4 °C for 15 min (Centrifuge 5804R, Eppen-
dorf, Leipzig, Germany). The collected serum was repackaged and stored
in —80 °C for further analysis of inflammatory factors. BALF was
collected by intratracheal perfusion with 300 pl aliquots of cold PBS
three times (total volume 0.9 ml), centrifuged at 3000 rpm for 10 min at
4 °C. The supernatants were separated and preserved at —80 °C for
cytokine testing. Cold PBS (60 pl) was used to resuspend the bottom
pellet from the BALF for cell count and classification analysis using a
fully automatic hematology analyzer (BC-5000 Vet, Mindray, Shenzhen,
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Guangdong, China).

The levels of IgE, tumor necrosis factor (TNF)-a, interferon (IFN)-y,
interleukin (IL)-4, IL-5, and IL-13 were determined using enzyme-linked
immunosorbent assay (ELISA) kits (Solarbio, Beijing, China) following
the manufacturer’s instructions.

2.5. Pulmonary histopathology

Left lung tissue samples were fixed with 4% paraformaldehyde
(PFA), embedded in paraffin, and cut into 3 pm sections. The tissues
were stained with hematoxylin and eosin (H&E), periodic acid-Schiff
(PAS), and Masson’s trichrome. The lung pathological sections of ten
mice in each group were photographed under an optical microscope
(Eclipse Ni-E, Nikon, Japan), and six visual fields were randomly
selected in each section for observation and assessment in detail. The
pathological scores, which included the degree of inflammatory cell
infiltration, mucus secretion, and collagen deposition, were blinded to
randomized sections using ImageJ software (NIH, Bethesda, MD, USA).
A 5-level scoring system was used to evaluate the severity of inflam-
matory cell infiltration in the H&E stained samples of lung tissue as
previously described (Tachdjian et al., 2010). The level of airway mucus
secretion was assessed by PAS staining, and at least six bronchioles were
counted per glass slice. The results were quantified as the area of posi-
tive airway epithelial mucus staining/the circumference of the bron-
chiolar basement membrane (Wang et al, 2014). For Masson’s
trichrome staining, airway collagen deposition in the peribronchial
space was scored on a semi-quantitative scale: 0 = no collagen deposi-
tion; 1 = a thin layer of collagen deposition; 2 = a cluster of collagen
deposits; 3 = a thick layer of collagen deposits (Sulaiman et al., 2018).
All pathological results were evaluated by two independent analysts. If
the results were different, a third analyst was considered to further
analyze the relevant data.

2.6. Data preparation of network pharmacology

2.6.1. Compounds screening

The compounds’ information of Shenxiangcao-Yuanweigen were
obtained from TCMSP (Ru et al., 2014), TCMID (Huang et al., 2018),
CHEM-TCM (http://chemtcm.com/database.html), HIT (Ye et al.,
2011), BATMAN-TCM (Liu et al., 2016), and the relevant literature. The
bioactive components included eight core components of Hyssopus cus-
pidatus Boriss. (methyl caffeate, luteolin 7-O-B-D-glucopyranoside,
rosemary acid, etc.) and two core components of Iris halophila Pall.
roots (irigenin, iristectorigenin A, etc.)

2.6.2. Targets identification

Details on the human gene targets associated with asthma were
collected from the DisGeNET (Pinero et al., 2020), CTD (Davis et al.,
2021) and GeneCard (Stelzer et al., 2016) databases with “Asthma” and
“Allergic Asthma” as the keywords, and only “Homo sapiens” genes were
acquired. All the asthma gene targets were normalized with R software
(version 4.1.1, Alcatel-Lucent Bell Laboratories, Murray Hill, NJ, USA)
using the Bioconductor package when redundancy was removed.

2.6.3. Gene Ontology (GO) term and Kyoto Encyclopedia Genes and
Genomes (KEGG) pathway enrichment analysis

R and clusterProfiler packages have provided robust power in sta-
tistical analysis and visualization, illustrating the molecular function
(MF), cellular component (CC), and biological process (BP) imple-
mented by KEGG (Kanehisa et al., 2016) pathway and GO (Ashburner
et al., 2000; Gene Ontology, 2021) functional enrichment analysis. In
this study, functional annotation and biological relevance of candidate
targets were analyzed using the Database for Annotation, Visualization,
and Integrated Discovery (DAVID, version 6.8, http://david.nciferf.gov/
) (Huang da et al., 2009).
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2.7. mRNA-sequencing

2.7.1. RNA isolation and sequencing

In accordance with the manufacture’s order, total RNA was sepa-
rated and purified using TRIzol reagent (Invitrogen, Carlsbad, CA, USA).
The RNA amount and fineness of each sample were quantitatively
analyzed using a NanoDrop ND-1000 (NanoDrop, Wilmington, DE,
USA). RNA completeness was assessed using a Bioanalyzer 2100 (Agi-
lent, CA, USA), with an RIN value > 7.0, and confirmed by agarose gel
electrophoresis. Finally, we performed 2 x 150bp paired-end
sequencing (PE150) on an Illumina Novaseq 6000 (LC-Bio Technology
Co., Ltd., Hangzhou, China) according to the supplier’s
recommendations.

2.7.2. Analysis based on sequence for gene differential expression

After generating the final transcriptome, StringTie and ballgown
(http://www.bioconductor.org/packages/release/bioc/html/ballgown.
html) were used to estimate the expression levels of all transcripts and
perform mRNA expression levels by calculating fragments per kilobase
million (FPKM). The differentially expressed genes (DEGs) were selected
with fold change (FC) > 2 or FC < 0.5, and p-value < 0.05, using R
package edgeR (Robinson et al, 2010) (https://bioconductor.or
g/packages/release/bioc/html/edgeR.html) or DESeq2 (Pertea et al.,
2015) (http://www.bioconductor.org/packages/release/bioc/html/DE
Seg2.html), after which GO enrichment and KEGG enrichment of the
DEGs were analyzed. Some pathways enriched in KEGG that are not
related to asthma such as rheumatoid arthritis (RA), legionellosis, and
malaria were excluded.

2.8. mRNA purification and Real-Time quantitative PCR (qPCR)

qPCR analysis of key differential gene expression levels screened by
transcriptome sequencing in the lung samples collected from the mice
was performed in accordance with the manufacturer’s recommenda-
tions. Total RNA isolated from each group of lung samples was reverse
transcribed into the first strand of cDNA using TRIZOL reagent (Invi-
trogen, Carlsbad, CA, USA) and a cDNA Reverse Transcription Kit
(BioTNT, Shanghai, China). The qPCR amplification experiments were
subsequently performed using a PCR amplification apparatus (Quant-
Studio 6 Flex Real-Time PCR Systems, Life Technologies, Carlsbad, CA,
USA). We used the p-actin gene as an internal reference to normalize the
expression of the target genes. CT (threshold cycle) was used to deter-
mine the target gene expression levels, and the results were presented as
fold changes compared with one of the random samples in the control
group according to the relative quantitative analysis of 2 22¢T(Lin et al.,
2021).The primer sequences used for IL-10, CCL2, CCL20, Rela, CXCL2,
HIF-1a, IL-4, TNF, IL-17A, and p-actin are shown in Fig. 7B.

2.9. Western blotting (WB)

The lung tissues were lysed by cold RIPA buffer (Beyotime, Shanghai,
China), containing a protease and phosphatase inhibitor cocktail (Univ-
bio, Shanghai, China), followed by centrifugation in a high-speed, low-
temperature tissue grinding machine at 2000 rpm for 15 min at —30 °C.
Samples were separated by 10% SDS-PAGE and transferred onto PVDF
membranes. After that, the membrane was blocked with high efficiency
rapid blocking buffer (Genefist, Saiguo Bio, Guangzhou, Guangdong,
China) to prevent nonspecific binding, incubated with primary anti-
bodies (1:1000) overnight at 4 °C, and then incubated with horseradish
peroxidase (HRP)-conjugated secondary antibody (1:15000) for 1.5 h,
and finally exposed using a chemiluminescent imaging system (Image-
Quant LAS 4000 mini, GE Healthcare, Little Chalfont, UK). The primary
antibodies were obtained from Cell Signaling Technology, Inc.
(Shanghai, China), including HIF-1a rabbit mAb (#36169), NF-xB p65
rabbit mAb (#8242), and phospho-NF-kB p65 rabbit mAb (#3033).
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2.10. Immunohistochemistry (IHC)

After fixation for 24 h in 4% paraformaldehyde, the tissues were
dehydrated, embedded in paraffin, and sectioned into 5 pm thick slices
perpendicular to the direction of the airway. Afterwards, the slices were
incubated for 12 h in primary antibody followed by secondary antibody
with HRP. Subsequently, immunohistochemical staining was conducted
using diaminobenzidine (DAB) and hematoxylin. Under an optical mi-
croscope, the lung tissue sections were scored according to the degree of
staining (0-3 points divided into negative staining, pale yellow, light
brown, and dark brown) and the range of positive staining. The results
were normalized for statistical analysis. Primary monoclonal antibodies
against HIF-1a and NF-xB p65 were obtained from Abcam (Cambridge,
UK).

2.11. Statistical analysis

Data in the experiments were expressed as the mean + standard
deviation (SD). Differences among groups were determined using one-
way analysis of variance (ANOVA) followed by Tukey’s multiple com-
parisons tests. All statistical analyses were performed as indicated with
GraphPad Prism 9 (GraphPad Software, San Diego, CA, USA). Results
with p-values less than 0.05, were accepted as statistically significant
(*p < 0.05, **p < 0.01, ***p < 0.001).

3. Results
3.1. Behavioral results

No behavioral changes were observed in the control group. The mice
in the asthma model group frequently had signs of asthma attacks such
as rubbing the nose, grasping ears, nodding, and standing with their
forelimbs retracted. After the intervention with LKZP decoction and
dexamethasone, there was improvement of symptoms in the asthma
control group. This, however, did not result in an asymptomatic state
such as in the blank control group. The mice in the dexamethasone
group were found to have dull and dry fur 8 days after oral adminis-
tration. The pelage of mice in the LKZP decoction group was shiny.

3.2. LKZP decoction extract improved the lung function of asthma model
mice

The AHR of increasing Mch dose was assessed within 24 h after the
last OVA challenge. In the experimental groups, mice exposed to OVA
showed a dose-dependent increase in Ry, (Mch = 3.125 mg/ml, p < 0.01;
Mch = 6.25 mg/ml and Mch = 12.5 mg/ml, p < 0.001) and a decrease in
Cdyn (p < 0.001 for all doses of Mch) compared with the normal control
group (Fig. 1B/D), indicating the successful establishment of a murine
allergic asthma model. Compared with the asthma model group, a
markedly decreased Rj, was observed in the mice treated with LKZP
decoction and dexamethasone at Mch concentration of 12.5 mg/ml (p <
0.05, p < 0.001). In addition, mice in the LKZP (4.55, 9.1) and dexa-
methasone groups also had significantly decreased Ry, at Mch concen-
tration of 6.25 mg/ml (p < 0.001 or p < 0.01). Moreover, mice in the
dexamethasone group showed significantly increased Cdyn at Mch
concentrations of 3.125 and 6.25 mg/ml compared with the OVA-
induced asthma model group (p < 0.05 and p < 0.01). Mice in the
LKZP decoction group also exhibited a modest increase in Cdyn, but this
was not statistically significant (Mch 3.125: p = 0.4774, p = 0.1690, p =
0.7483; Mch 6.25: p = 0.7840, p = 0.3164, p = 0.8532; Mch 12.5: p =
0.7720, p = 0.2975, p = 0.7069). Fig. 1C/E shows a histogram of the
different levels of statistical significance between treatments at different
Mch concentrations from 12.5 mg/ml.
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3.3. Effect of LKZP decoction extract on the number of inflammatory cells
in BALF

Analysis of inflammatory cells in BALF of each group showed that
compared with the normal control group, mice sensitized and chal-
lenged with OVA showed a significant increase (p < 0.001) in the
number of total white blood cells, neutrophils (Neu), lymphocytes
(Lym), monocytes (Mon), eosinophils (Eos), and basophils (Bas)
(Fig. 2A). The proportion of Eos increased most significantly (Fig. 2C).
After treatment with different doses of LKZP decoction (2.275, 4.55 and
9.1 g/kg), we observed that total leukocytes (p < 0.001), Lym (p <
0.001), Mon (p < 0.05), Eos (p < 0.001) and Bas (p < 0.001) decreased
to varying degrees, and in a dose-dependent manner. Fig. 2B/D shows a
stacked histogram that compares the classified counts and percentages
of inflammatory cells found in the BALF of different groups. Interest-
ingly, LKZP decoction treatment reduced total inflammatory cells
mainly by reducing Eos, Lym and Neu, but dexamethasone greatly
increased the percentage of Neu and significantly reduced the number of
Eos (Fig. 2A/C).

3.4. LKZP decoction extracts treatment regulated inflammatory mediators
in serum and BALF of OVA-induced asthmatic mice

Significant increases were observed in the IgE (Fig. 3A), IL-4
(Fig. 3B), IL-5 (Fig. 3C), IL-13 (Fig. 3D), and TNF-a (Fig. 3E) levels in
serum and BALF samples collected from the OVA-induced asthma mice
model, as well as a decrease in their IFN-y levels (Fig. 3F). Treatment
with the LKZP decoction extracts resulted in a reduction in the levels of
IgE, IL-4, IL-5, IL-13 and TNF-a in serum and BALF samples, and
increased IFN-y levels (Fig. 3). Overall, the inhibitory effects of the three
different doses of LKZP decoction (2.275, 4.55, 9.1 g/kg/d) on IgE and
pro-inflammatory cytokines (IL-4, IL-5, IL-13, and TNF-a) were weaker
than those of dexamethasone (1 mg/kg/d).

3.5. LKZP decoction extracts alleviates the pathological changes of OVA-
induced airway inflammation

OVA-induced airway inflammation was detected by three different
staining methods. H&E staining revealed dense infiltration of inflam-
matory cells in the peribronchiolar and perivascular connective tissues
of mice in the OVA-induced asthmatic model group compared with the
control group (p < 0.001). In contrast, LKZP decoction significantly
decreased airway inflammation at a middle dose of 4.55 g/kg (p < 0.01)
and a high dose of 9.1 g/kg (p < 0.001), similar to the OVA/Dexa-
methasone 1 mg/kg group (p > 0.05) (Fig. 4A/B). In addition, PAS
staining was positive in the OVA/saline group compared to the control
group, indicating mucus hypersecretion and significantly increased
goblet cell percentage (p < 0.001). LKZP decoction was found to
attenuate mucus secretion and the number of PAS + cells in OVA/LKZP
2.275, 4.55 and 9.1 g/kg group compared with OVA/Saline group
(Fig. 4A/C). Collagen deposition in the lung tissues of mice in the OVA/
saline group was markedly increased by Masson’s trichrome staining (p
< 0.01). However, mice treated with LKZP 2.275, 4.55, 9.1 g/kg or
Dexamethasone 1 mg/kg showed that collagen deposition in the peri-
bronchial regions did not significantly decrease (Fig. 4A/D).

3.6. Network pharmacology predicts candidate targets and potential
signaling pathways of LKZP for the treatment of asthma

A total of 408 asthma-related genes and 26 target genes intersecting
LKZP compounds were identified by searching the DisGeNET, CTD,
GeneCard databases (Fig. 5A/B). These genes were saved for use on the
String website to construct protein-protein interaction (PPI) networks
(Fig. 5C/D). GO and KEGG pathway enrichment were analyzed using the
David database to understand the relationships between functional units
and their potential significance in biological system networks. The top
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Fig. 2. Effects of LKZP decoction on inflammatory cells in the BALF. (A) The number of leukocytes in the BALF. (B) The stacked histogram shows the cell classi-

fication count. (C-D) Percentage of cell classification count.
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35 GO enrichment terms and top 20 KEGG pathways are shown in
Fig. 5E and F, respectively. KEGG pathway analysis showed that many
target genes were strongly associated with pathways related to inflam-
mation and immunity, such as the “PI3K-Akt signaling pathway,” “TNF
signaling pathway,” “IL-17 signaling pathway,” and “MAPK signaling
pathway”. Moreover, we selected three signaling pathways, the TNF
signaling pathway, NF-«kB signaling pathway, and IL-17 signaling
pathway, for annotation (Fig. 5G/H/I). The results indicated that the
mechanism of action during the treatment of asthma with LKZP decoc-
tion may be diverse, involving a variety of biological processes and
different signaling pathways. The multiple molecular pathways and

potential therapeutic targets in asthma may explain the compatibility of
LKZP for asthma treatment.

3.7. Transcriptomics reveals the relevant biological processes and
signaling pathways of LKZP decoction in the treatment of asthma

With the results of animal pharmacodynamics experiments, we
observed that LKZP decoction at 4.55 g/kg had a more consistent ther-
apeutic efficacy in the asthma model mice. Hence, this concentration
was selected for further experiments. The mRNA profiles of lung tissue
samples from healthy, OVA-induced asthmatic mice and LKZP



C. Xie et al.

leGeNET LKZP

Asthma

. \ \
PI3K-Akt signaling pathway

‘ K

ontoLocy [l s¢

cc [l v

H

‘41&

Journal of Ethnopharmacology 294 (2022) 115351

TNF signaling pathay Q
IL-17 signaling pethway [ ]
MAPK signaling path [ ] p——
Cytekine-cytokine receptor Interaction ®
Thi7 ool differantiation ® ; :u
Chemokine signaling pathuay Y ®
Tall-lika receptor signaling pathway ® ®x
AMP signaling pathvay [ ] @
NOD-like recepor signaling pathway [ J
.. qualue

Tht and Th2 cell diff

1 call receptor signaling

JAK-STAT signaling pi

athviay

pathway

2e-06

6e-06

3806

Apoptasis L]
NF-kapps 8 signaling pathway ®
SGMP-PKG signaling pathvay L]

B call recepler signaling pathway °

Asthma 1 *

s e

Fig. 5. Network pharmacology prediction for LKZP treatment of asthma. (A) Venn diagram of asthma related targets screened in different databases. (B) Venn
diagram shows the intersection of LKZP active components-related target and asthma-related target. (C) Protein-protein interaction (PPI) network of LKZP in
treatment of asthma. (D) Detail enlargement of PPI network diagram. (E) GO terms enrichment results, p-value < 0.01. (F) KEGG pathways enrichment results, p-
value < 0.05. (G-I) Diagram of TNF, NF-kB, and IL-17 signaling pathways, involved target molecule (in red color). (For interpretation of the references to color in this
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decoction-treated mice (n = 3 from each group) were determined using
transcriptome sequencing. Fifty-five thousand four hundred and one
(55401) genes were identified which were expressed in at least one
sample. The number of expressed genes was 28689 in the control group,
28910 in the asthmatic model group, and 28349 in the LKZP decoction
group. To identify differentially expressed genes (DEGs), a p-value of
<0.05 by paired comparisons between the control group, the asthmatic
model group, and the LKZP group was used. A total of 1006 upregulated
and 225 downregulated DEGs were identified in the asthma vs. control
group (Fig. 6B), and 67 upregulated and 179 downregulated DEGs were
identified in the LKZP vs. asthma group (Fig. 6B/6C). The pheatmap

v1.0.12 and hclust v3.5.0 function of R package were used for mapping
and clustering analysis of the DEGs based on the FPKM values, which
suggested that there were significant differences in gene expression
between the LKZP group and the asthma group (Fig. 6C).

To further confirm the reliability of the transcriptome data, we
performed an enrichment analysis to ascertain whether these genes were
biologically related to asthma by the Gene Set Enrichment Analysis
(GSEA) software (version 4.1.0) (Subramanian et al., 2005). The results
showed that the “Asthma” group transcriptome data was obviously
enriched by genes related to those found in asthma compared with the
“Control” group [Enrichment Score (ES) = 0.8376948, Normalized ES
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(NES) = 1.7282094, Nominal p-value = 0.0, FDR q-value =
0.0034580806, FWER p-value = 0.032], as shown in Fig. 6A. To identify
potentially affected LKZP pathways, we obtained the following main
signaling pathways by introducing DEGs into the KEGG pathway
(Fig. 6E) and GO enrichment analysis (Fig. 6D). These results indicate
that LKZP functions as an anti-asthma therapy by affecting various
biological processes, such as cytokine-cytokine receptor interactions,
IL-17 signaling pathway, chemokine signaling pathway, NF-kappa B
signaling, TNF signaling pathway, Toll-like receptor signaling pathway,
and HIF-1 signaling. Interestingly, some KEGG pathways of DEGs
overlapped with candidate network pharmacological target genes,
implying that some pivotal target genes might exist, and the GO
enrichment results of the functional analysis were also essentially in
agreement with LKZP network pharmacology.

These results illustrate that the LKZP decoction plays a significant
role in the immune regulation of inflammatory processes. The LKZP
decoction may influence IL-17, NF-xB, TNF, and HIF-1 signaling path-
ways, thus reducing asthma symptoms in model mice.

3.8. Verification of selected differentially expressed genes and associated
pathway proteins

According to a combined analysis of network pharmacology and
transcriptomics, 110, Ccl2, Ccl20, Rela, Cxcl2, Hifla, 114, Tnf, and Il17a
were selected for further validation. We first produced a heat map to
show the relative expression of these genes in the control, asthma, and
LKZP-treated groups based on mRNA-seq FPKM (Fig. 7A). These genes

were selected because of their association with the inflammatory
response, type 2 cell polarization, and inflammatory cell chemotaxis of
asthma, and the enrichment of the KEGG pathway that suggests that
they may be the key targets of LKZP decoction in the treatment of
asthma. We performed qPCR analysis of the nine genes to confirm the
results of the DEGs in the lungs. As shown in Fig. 7C/D/E/F, a significant
increase in the expression of these nine genes was observed in the
asthma group compared with the control group, whereas LKZP treat-
ment completely or partially reversed asthma-induced expression
changes in IL-4 (Il4), IL-17A (I1117a), TNF-a (Tnf), NF-xB p65 (Rela), HIF-
la (Hifla), CCL2 (Ccl2), CCL20 (Ccl20) and CXCL2 (Cxcl2). 1t is inter-
esting to note that LKZP can improve the expression of IL-10, a cytokine
that inhibits inflammation. As anticipated, the qPCR results were
consistent with those from mRNA-seq, suggesting that the DEGs result-
ing from RNA-seq were credible.

To further validate gene expression data at the protein level, we
selected two of the above-mentioned nine genes, NF-kB p65 (Rela) and
HIF-1a (Hifla) for WB and immunohistochemical analysis. WB analysis
showed that the protein expression of HIF-1a and NF-kB p65 in lung
tissue was significantly increased with OVA stimulation (p < 0.001). In
contrast, the expression of these proteins with LKZP 4.55 and dexa-
methasone treatments showed significant decreases (p < 0.05). Analo-
gously, the results showed that NF-kB phosphorylation was remarkably
activated in the asthmatic group mice compared with the control group
mice. Conversely, LKZP and dexamethasone treatments suppressed the
phosphorylation status of NF-xB (Fig. 8A/B/C). The IHC analyses
showed trends similar to those in the WB analyses. Upregulation of HIF-
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Fig. 7. Assay of gene expression via qPCR confirmed mRNA-seq results. (A) A heat map was created to visualize the data for the relative expression abundance of
nine genes screened by RNA-seq. (B) Primer sequences used for gPCR amplification. (C-F) The results of qPCR were performed to analyze IL-4, IL-17A, TNF-a, IL-10,
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###p < 0.001 compared with OVA/Saline group; ns: no significant difference. N = 10 mice/group.

la and NF-xB p65 was observed in the OVA-induced mouse asthma
model (p < 0.001, respectively), and three doses of LKZP and dexa-
methasone resulted in significant downregulation of HIF-1a and NF-kB
p65 protein expression (p < 0.05, p < 0.01, or p < 0.001, Fig. 8D/E/F/
G).

4. Discussion

As a classic prescription in the Xinjiang region of western China,
LKZP has been extensively used to treat a variety of respiratory diseases,
especially chronic airway inflammatory diseases such as bronchial
asthma and COPD. Several studies have indicated that LKZP and its
constituent herbs can effectively restrain inflammatory processes and
regulate immune responses in asthma (Wei et al., 2016; Wunigiemu
et al., 2021). However, due to the complexity and variety of the in-
gredients involved, the mechanisms underlying the protective effect of
LKZP in asthma treatment remain unclear. The development of pe-
ripheral disciplines such as systems pharmacology and transcriptomics
has made it possible to screen core gene targets associated with LKZP
and its components that are relevant to asthma treatment.

In the process of animal experiments, we noticed that LKZP decoc-
tion could improve the overall state and respiratory symptoms of acute
allergic asthma model mice, but it is a comparatively subjective

10

judgment. In this study, pulmonary function and pathological results
were used as the gold standard to confirm the anti-asthmatic effect of
LKZP. Our data indicated LKZP could ameliorate lung function and
bronchial hyperreactivity, reduce the number of inflammatory cells in
the BALF, especially the percentage of Eos and Lym, and attenuate
airway inflammation and mucus hypersecretion by regulating the type 2
immune response in OVA-induced asthmatic mice. LKZP treatment
downregulated the expression of multiple cytokines related to immunity
and inflammation, such as IgE, IL-4, IL-5, IL-13, and TNF-a, both in the
BALF and serum. Hence, our results provide evidence of a novel anti-
inflammatory role of LKZP that results in symptomatic improvement
and downregulation of inflammatory responses among mice. Next, we
conducted network pharmacology and mRNA-seq analysis and prelim-
inarily verified that LKZP decoction may exert its therapeutic function
by regulating the expression of HIF-1a and NF-kB p65 in the lung tissue
of OVA-induced asthmatic mice.

When OVA was injected into mice, its soluble antigen component
stimulated the body to produce a high IgE titer, which put the body in a
sensitized state. A few days later, the experimental animals were re-
exposed to the antigen, mediating an antigen-antibody reaction that
degranulated mast cells and released active chemicals such as hista-
mines, cysteinyl leukotrienes (CysLTs), and eosinophil chemokines.
These act on the bronchus to cause AHR and inflammatory cell
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Fig. 8. Further clarification on the mechanism of LKZP in reducing airway inflammation in OVA-induced asthmatic mice at the protein level. (A) The protein
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infiltration, which represent the characteristics of allergic asthma deposition in OVA-induced asthmatic model mice. Although three dos-
(Casaro et al., 2019). Reversible airway obstruction, bronchial hyper- ages of LKZP ameliorated AHR, they had little effect on Cdyn, particu-
responsiveness, and Eos-rich pulmonary inflammation are the most larly when the concentration of methacholine was increased to 12.5
striking features of allergic asthma, continuously demonstrated by mg/ml. Treatment with LKZP resulted in a dose-dependent decrease in
increased Ry, decreased lung Cdyn, and a significant increase in the the number of total white blood cells and Eos in the BALF. Another
infiltration of leukocytes, especially Eos, in vivo. This explains the use of fascinating finding was that LKZP reduced the count of Eos and Neu
bronchodilators and glucocorticoids as the standard regimen for asthma simultaneously, while dexamethasone increased the percentage of Neu
treatment (Mims, 2015). The preparation process used in our previous but reduced Eos, indicating that the anti-asthmatic mechanisms of LKZP
report in the treatment of asthmatic mice (Mohammadtursun et al., and Dexamethasone would likely be different. LKZP decoction extract
2020; Wei et al., 2016) and patients (Lv et al., 2018) using LKZP was a with 4.55 g/kg dosage exerted a more pronounced reduction in the
decocting method of TCM, but in the current study we used a water number of leukocyte subpopulations in the BALF, as well as mucus
extraction and alcohol precipitation method based on the screening of secretion mitigation using PAS staining, while 9.1 g/kg dosage of LKZP
several different preparation processes, so as to facilitate the large-scale manifested a curative effect in lung tissue resident inflammatory cells
standardized production of “LKZP oral liquid” in the future. Here, our via H&E staining. Moreover, LKZP and dexamethasone treatment groups
results confirmed that LKZP decoction extract could diminish AHR, in- tested in the current study had no significant effect on airway collagen
flammatory infiltration, and mucus hypersecretion, but not collagen deposition. This might be due to the fact that airway remodeling and

11



C. Xie et al.

fibrosis were not evident in the acute asthma model (Alessandrini et al.,
2020).

IgE and cytokines play crucial roles in allergic responses and asth-
matic inflammation. Increased secretion of the type 2 cytokines IL-4, IL-
5, and IL-13 were reported in allergic asthma, promoting airway
eosinophilia, mucus overproduction, AHR, and IgE synthesis (Lam-
brecht et al., 2019). Our study demonstrated that IgE, IL-4, IL-5, IL-13,
and TNF-a levels in both serum and the BALF declined with LKZP
treatment, which in part explained the efficacy of LKZP in treating
asthma. As shown in Fig. 9A (Chung, 2015), airway type 2 immune
responses are mainly mediated by airway epithelial cells, Th2 cells,
group 2 innate lymphoid cells (ILC2s), Eos, mast cells, Bas, and
IgE-producing B cells, the mechanism of which is understood in detail
(Fahy, 2015; Porsbjerg et al., 2020). Interactions between anaphylac-
togens (e.g., OVA) and innate and adaptive immune and inflammatory
responses begin with airway epithelial cells, alveolar macrophages, and
dendritic cells (DCs) with the release of thymic stromal lymphopoietin
(TSLP), IL-33, and IL-25 (Hong et al., 2020). Epithelial cytokines broadly
stimulate innate type 2 cells such as ILC2s and boost DC function to
polarize CD4" T (ThO) cells and promote Th2 cells that express the
GATA3, IL-33R, and chemoattractant receptor homologous molecule of
Th2 cells (CRTH2). Th2 cells and ILC2s produce cytokines that induce
goblet cell metaplasia (IL-13), tissue eosinophilia (IL-5), bronchial
smooth muscle contraction (IL-13), polyclonal IgE synthesis via
allergen-specific B cell activation (IL-4), and mast cell degranulation
(IL-9). Fig. 9A shows the speculated cytokine network that LKZP regu-
lates to reduce the expression of inflammatory mediators, thereby
reducing airway inflammation in asthmatic mice.

Since TCM is well known for its unique treatment model, such as the
synergistic effect of multiple components acting on multiple pathways
and targets, treatment based on syndrome, and regulation of immune
balance, clarifying the specific targets of LKZP in modern medical terms
remains a major challenge. Network pharmacology was first proposed
by Andrew et al., in 2007 (Hopkins, 2007). It is a new interdisciplinary
field based on the theory of system biology that uses bioinformatics and
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network analysis methods to study the mechanism of drug action and
design multi-target drug molecules. The core problem we solved using
network pharmacology is to evaluate the multi-component and
multi-target synergy of LKZP in the context of asthma-related networks.
In order to further explore the mechanism of pharmacological effects of
LKZP, we first collected the target proteins of the chemical compounds
in LKZP from multiple databases through network pharmacological
analysis. Subsequently, the LKZP-component-target-asthma network
was constructed to predict the potential anti-inflammatory mechanism
of LKZP. In the KEGG enrichment assay, we observed that the HIF-1a
and NF-kB signaling pathways are two important target pathways. The
similar result was further verified in the KEGG enrichment of DEGs in
mRNA-seq. We used qPCR, WB, and immunohistochemical staining to
measure the expression of HIF-1a and NF-kB p65 in lung tissues. HIF-1a
and NF-kB were found to play a role in the anti-asthma effects of LKZP in
vivo. In general, network pharmacology has certain benefits in under-
standing drug-body interactions that improve or restore the balance of
biological networks and revealing the mechanism of multi-component
synergistic treatment of diseases. However, in the current network
pharmacology research of TCM, the selection of chemical components
and gene targets mainly depends on the analysis of literature and da-
tabases which lacks pertinence. It is also impossible to distinguish
whether drugs activate or inhibit target pathways and receptor mole-
cules (Zhu et al., 2021). Transcriptome sequencing can compensate for
these shortcomings. The transcriptome is the necessary link between the
genetic information of the genome and the biological function of the
proteome. The regulation of transcription levels is the most studied and
pivotal regulation pattern in organisms. Transcriptomic analysis of lung
tissues using mRNA-seq could obtain high-throughput and detailed gene
expression profile data at the tissue level. mRNA-seq results suggested
that 246 DEGs were identified among the OVA/LKZP vs. the OVA/saline
group, indicating multiple gene targets for LKZP. We also verified the
nine DEGs selected through qPCR and confirmed that their variation
trends were consistent with the transcriptomic analysis. Similarly, we
performed KEGG enrichment analysis on the differentially expressed
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genes obtained by transcriptome sequencing. As previously mentioned,
combined with the KEGG enrichment analysis results of network phar-
macology and mRNA-seq, we screened two pathways closely related to
asthma, the NF-kB pathway, and the HIF-1a pathway.

NF-kB, an important transcription factor, is known to play a critical
role in inflammation. Phosphorylation of NF-kB RelA (p65) is highly
activated during pulmonary inflammation (Alharbi et al., 2021). Our
study consistently found that OVA exposure accelerated the activation of
NF-kB in asthmatic mice compared to the control group (Mishra et al.,
2018; Yietal., 2020). In this study, PCR, WB, and IHC demonstrated that
upregulated NF-xB signaling was pinned down by LKZP, whose curative
effect was similar to that of dexamethasone. In addition, we found that
hypoxia may be an important potential factor that induces asthma.
HIF-1 is a heterodimer composed of HIF-1a, a protein expressed in an
oxygen-regulated manner, and a constitutively expressed factor, HIF-1§
(Moslehi and Rathmell, 2020). The lung is highly sensitive to oxygen
concentration. Under hypoxic conditions, inflammatory mediators are
released and upregulate the expression of HIF-1a through the PI3K/Akt,
MAPK, and NF-xB pathways in the lungs. Although a growing body of
evidence suggests that HIF-1a plays an important role in immune and
inflammatory responses, its underlying mechanism remains controver-
sial (Huerta-Yepez et al., 2011; Ning et al., 2019). Therefore, we also
verified in further molecular biology experiments that LKZP may in-
fluence the asthma inflammatory response induced by OVA by regu-
lating HIF-1a. According to the results of HPLC, rosmarinic acid and
IH-1 were identified as the main index components of Hyssopus cuspi-
datus Boriss (Shenxiangcao) and Iris halophila Pall, respectively. Recent
studies have suggested that rosmarinic acid, a water-soluble phenolic
compound extracted from Hyssopus cuspidatus Boriss (Shenxiangcao) of
LKZP (Shomirzoeva et al., 2020; Zhao et al., 2020), is a natural anti-
oxidant with therapeutic effects against oxidative stress in vivo and in
vitro (Chung et al., 2020; Khojasteh et al., 2020; Luo et al., 2020;
Petersen and Simmonds, 2003). Thus, we can assume that rosmarinic
acid exerts anti-oxidant and anti-inflammatory effects in lung tissue by
suppressing the activity of HIF-1a. This hypothesis also lies at the root of
new ideas for molecular docking simulations in silico to confirm the
binding of rosmarinic acid with HIF-1a (Pinzi and Rastelli, 2019). As
shown in Fig. 9B, the results of the virtual calculations were carried out
using AutoDock Vina (version 1.1.2) (Trott and Olson, 2010), followed
by AutoDock Tools (version 4.2.6) (Morris et al., 2009). The predicted
binding affinity between rosmarinic acid and HIF-1a was —7.1 kcal/mol.
In short, rosmarinic acid was stabilized by four strong hydrogen bonds
with residues Ser 488, Asp 114, Tyr 111, one n-6 bond with Leu 93, two
n-alkyl bonds with Leu 93 and Leu 96, one n-n stacked hydrophobic
interaction with Tyr 92, and several van der Waals contacts at the cat-
alytic site of the enzyme. Accordingly, we conjectured that rosmarinic
acid had good binding activities to HIF-1a, whether it played an inhib-
itory or activating role required comprehensive consideration of binding
site information.

Although systems pharmacology and transcriptomics can effectively
make up for the defects of single target and low selectivity in the pre-
vious research of TCM, they still face some challenges in practical
application. On the one hand, LKZP is a compound composed of two
herbs. Its efficacy is based on the efficacy of a single herb, but it is not
simply the sum of the efficacy of a single herb. There is a complex
interaction between the two herbs in the process of preparation and
extraction, and their efficacy is the result of the coordinated and
comprehensive action of a variety of chemical components. On the other
hand, whether in system pharmacology or transcriptomics, target pre-
diction is based on the existing database, so its accuracy largely depends
on network server and computer algorithm. Therefore, the mechanisms
of LKZP in the treatment of allergic asthma still needs to be further
confirmed by in vivo, in vitro experiments, and clinical trials.
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5. Conclusion

The present study focused on a new pharmacodynamics mechanism
of LKZP based on the balanced regulation theory of pro-inflammation
and anti-inflammation. Using systems pharmacology and tran-
scriptomics, we revealed that LKZP could effectively alleviate asthma-
induced AHR and airway inflammation. Our preliminary conclusion is
that LKZP regulates NF-xB p65 and HIF-1a protein expression (Fig. 9C),
which may underlie the anti-inflammatory effects of the active compo-
nents in LKZP. However, the precise active ingredients and corre-
sponding targets in LKZP need to be further investigated.
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