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Background: Platycodon grandiflorus could significantly improve the pathological results of cutaneous scald injury, reduce the 
release of inflammatory factors and promote angiogenesis. This study investigated the wound healing effect of luteolin, an active 
component of P. grandiflorus, on induced cutaneous scald injury in Sprague-Dawley (SD) rats.
Methods: The protein expression levels of TNF-α and IL-6 were detected by ELISA. QRT-PCR was adopted to detect the expression 
of TGF-β1 and VEGF. Histopathological changes of scald wounds were analyzed by hematoxylin-eosin staining. Cell viability and 
migration ability were detected by CCK-8 assay and scratch assay.
Results: Both in vivo and in vitro experiments showed that luteolin promoted wound healing of cutaneous scald injury. Gene 
Oncology (GO) functional analysis and rescue experiments showed that endothelial nitric oxide synthase 3 (NOS3) was the critical 
target of luteolin in treating cutaneous scald.
Conclusion: This study demonstrated that luteolin is an effective component of P. grandiflorus and is effective in the treatment of 
cutaneous scald injury.
Keywords: Platycodon grandiflorus, luteolin, scald injury, nitric oxide synthase, network pharmacology

Introduction
Skin injury caused by burns and scalds can destroy the natural barrier function of the skin, resulting in adverse 
consequences such as internal environment disorder, metabolic disorder, and infection.1 In severe cases, it can also affect 
multiple organ systems and endanger the life of patients.2 Early measures to control the disease and promote wound healing 
are particularly important.3–5 For burns and scalds, Silver Sulfadiazine (SSD) is one of the commonly used clinical drugs, 
which have anti-inflammatory, anti-bacterial and analgesic effects.6 However, in recent years, with the emergence of 
problems such as the abuse of antibiotics and the increased antibacterial drug resistance. Wounds become more difficult to 
heal, and severe infections can lead to septic shock or multiple organ failure, especially in developing countries.7 Therefore, 
it is necessary to seek a safe and effective treatments for burns and scalds. Traditional Chinese medicine (TCM) with few 
adverse reactions and multi-target effects has become one of the research hotspots in the treatment of burns and scalds.8

It had been reported that a variety of traditional Chinese herbs have been widely used to treat burns because of their broad 
spectrum of antiviral, antibacterial and anti-inflammatory properties.9,10 Platycodon grandiflorus is the dried root of 
Platycodon grandiflorus (Jacp.) A. DC., which contains many chemical compounds such as saponins, polysaccharides, 
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flavonoids, sterols and fatty acids.11–14 Recent pharmacological studies have shown that P. grandiflorus has numerous effects, 
such as cough relieving, immunoregulation, anti-inflammatory, anti-tumor and hypoglycemic.15–18 Moreover, recent studies 
have shown that can inhibit the P. grandiflorus proliferation, migration and microvascularization of human umbilical vein 
endothelial cells (HUVEC), and inhibit the angiogenesis of chicken embryo allantoic membrane.19,20 P. grandiflorus root- 
derived saponins inhibited the development of atopic dermatitis (AD)-like skin injury by inhibiting inflammatory factors in 
serum, reducing epidermal/dermal thickness, inhibiting the infiltration of inflammatory cells and mast cells in skin.21 

However, although P. grandiflorus has significant anti-inflammatory and skin healing effects,22,23 its role and mechanism 
of action in the treatment of burns and scalds is unclear.

Luteolin (3′, 4′, 5, 7-tetrahydroxyflavone), a naturally occurring flavone, is the main chemical component of 
P. grandiflorus. As a member of the flavonoid group, luteolin exerts multiple bioactive effects, including anti- 
inflammatory, anti-oxidative, as well as vasoprotective.24–28 Recent evidence has suggested that luteolin possesses 
protective effects on the skin. For example, luteolin can reduce adverse photobiological effects on the skin.29 Luteolin 
also shows potent anti-oxidative activities in keratinocytes, fibroblasts and several immune cells.25,29 Furthermore, 
luteolin has been shown to inhibit proinflammatory mediators (eg, TNF-α IL-1, IL-6 and IL-8) as well as regulate 
various signaling pathways (eg, NF-κB, JAK-STAT).27–29 Thus, as the main component of P. grandiflorus, luteolin may 
have played an important role in cutaneous wound healing. But the capacity of luteolin to promote skin scald repair and 
its interaction with key factors involved in skin scald repair has not been clarified.

The objective of our study was to investigate the protective effects of P. grandiflorus on cutaneous scald injury and 
explore the underlying mechanism of the critical component of P. grandiflorus.

Materials and Methods
Cell Culture and Treatment
Human Microvascular Endothelial Cell line-1 (HMEC-1) cells were obtained from the Institute of Biochemistry and Cell 
Biology of the Chinese Academy of Sciences (Shanghai, China). HMEC-1 cells were maintained in vitro at 37°C with 
5% CO2 in Dulbecco’s Modified Eagle Medium (DMEM, Invitrogen, USA) supplemented with 10% heat-inactivated 
fetal bovine serum (FBS, Thermo Fisher, USA), 100 U/mL penicillin-streptomycin (Invitrogen, USA). After cells were 
grown to 80% confluence, the medium was changed and luteolin (Sigma, USA) with different concentrations (0, 1, 5 and 
10 μM), and 10% SSD (Sigma, USA) were supplemented to induce HMEC-1 cells.

Endothelial nitric oxide synthase (NOS3) is responsible for NO generation in the vascular endothelium, and for this 
reason it plays an important role in vascular remodeling.30 For NOS3 knockdown, synthetic NOS3-specific siRNA, Si- 
NOS3 (5′-AAGUUUAACUUUCAUGUUCUC-3′), was purchased from Gene Pharma (Shanghai, China). Non-specific 
siRNA (Si-NC, 5′-UUCUCCGAACGUGUCACGU-3′) was used as a negative control.

HMEC-1 cells were seeded at a density of 1 × 104 cells/well of a 6-well plate and allowed to adhere for 12 h. HMEC-1 cells 
were transfected with 50 nM Si-NC, 10 μM luteolin and Si-NC, 10 μM luteolin and 50 nM Si-NOS3. Transfection of HMEC-1 
cells was performed using lipofectamine 2000 transfection reagent (Thermo Fisher Scientific, USA) according to the 
manufacturer’s instructions. Cells were cultured for 48 h and then harvested for subsequent analysis.

Animals
Males specific-pathogen-free (SPF) Sprague-Dawley (SD) rats aged 6 weeks were purchased from the Animal 
Experiment Center of Chongqing Medical University. SD rats were housed in the SPF animal facility. The facility 
was kept quiet, ventilated and clean. The temperature was set at 21–25°C, the humidity was controlled at 50–70%, and 
the light/dark cycle was 12 h/12 h. The rats were fed with sufficient ordinary fodders and distilled water, and were free to 
move and eat. The experiments were conducted according to the guidelines presented by the Committee for Animal Care 
and Use of Laboratory Animals, Chongqing Jiulongpo People’s Hospital (No. JLZYHEC-2020-25).
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Ointment Preparation
Dried tuberous root of P. grandiflorus was purchased from the herbal drug company (Tongrentang of Nanjing, China), 
dried and crushed for use. P. grandiflorus (1000 g) was soaked for 30 min (1000 mL distilled water), decocted for 90 min 
each time and extracted for 3 times in total. All extracts were incorporated, filtered and concentrated in a water bath 
(1 mL concentrated solution contains 10 g P. grandiflorus). The concentrated solution or luteolin was mixed with medical 
Vaseline (Mayinglong Pharmaceutical Group Co. Ltd) to make an ointment for the treatment of cutaneous scald.

Establishment of Cutaneous Scald Injury Rat Model and Treatment
1% sodium pentobarbital (10 μL/g) was injected intraperitoneally and the back hair of rats was depilated with 8% sodium 
sulfide. The 50 g weight iron was placed in boiling water for 10 min and quickly place on the back of the rat skin for 10s, 
resulting in the superficial II degrees scald wound with an area of 4 cm2. After establishment of the model, rats were 
assigned randomly to five groups (Control, Model, Silver Sulfadiazine (SSD), P. grandiflorus, luteolin, n=10). Before 
drug administration, the wound was cleaned with normal saline to remove the residual substance, and then the 
corresponding ointment was applied to the wound with a thickness of about 1.5 mm. The drug was given twice daily, 
at an interval of 12 h, for 21 consecutive days. Control group with no burn injury was depilated following the same 
method as the above model group. The depilation area of the normal group and the model group were applied with 
normal saline twice a day. SSD group was smeared with 1% SSD emulsifiable paste (Kunming China Resources Flame 
Pharmaceutical Co. Ltd). P. grandiflorus group and luteolin group was smeared with 10% P. grandiflorus and 10% 
luteolin mixed emulsifiable paste respectively.

Enzyme-Linked Immunosorbent (ELISA) Assay
Blood samples from each group were collected from the tail vein at the 21st day after establishment of the scald model. 
Blood samples were centrifuged at 8000 rpm for 40 min and culture mediums were centrifuged at 1000 g for 20 min. The 
supernatants were separated and stored at −70°C until analysis. The ELISA assays was performed according to the 
manufacturer’ instructions of an ELISA kit (Jiancheng Bioengineering Institute, Nanjing, China). Briefly, samples were 
added to the enzyme-labeled plate coated with TNF-α, IL-6 and NO antibody, and incubated at 37°C for 2 h. After 
washing with wash buffer, 100 μL of a HRP-labeled detection antibody was added to each well for 2 h at 37°C. After 
washing 3 times, the color-substrate solution A and B 50 μL/well was added to each well. After incubation at 37°C for 30 
min, the reaction was suspended by adding 100 μL stop solution to each well. The absorbance of each well at 450 nm 
was measured using spectrophotometer Thermo Multiscan FC (Thermo Fisher Scientific, USA), and the TNF-α, IL-6 and 
NO concentration of the samples were calculated from the standard curve.

Hematoxylin Eosin (HE) Staining
Tissues were embedded in paraffin, and tissue sections were dewaxed in xylene and then immersed in gradient alcohol. 
After washing with distilled water, the sections were immersed in 1 mL hematoxylin solution for 5 min. Sections were 
washed with tap water. Then, 1% ammonia solution and eosin solution were added for 10s. At last, sections were 
immersed in gradient alcohol and clear in xylene solution. The pathological changes of cutaneous scald skin tissue in 
each group were observed under a light microscope (Leica, Solms, Germany).

Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)
Total RNA was extracted from scald tissues with Trizol reagent (Thermo Fisher, USA) and then reversely transcribed into 
cDNA using a RevertAid First Strand cDNA Synthesis Kit (Thermo Fisher Scientific, Waltham, MA, USA). RT-qPCR was 
performed using a SYBR-Green PCR Master Mix kit (Takara, Tokyo, Japan). Cycling was performed in a 7900 HT Fast 
system (Applied Biosystems, California, USA) according to the following program: 94°C, 5 min; 40 cycles of amplification 
(94°C, 30s and 62°C, 40s); and then 72°C, 10 min. PCR was performed with the following primer sets: TGF-β1 upstream 
primer: 5’ - CCACCTGCAAGACCATCGAC-3’, downstream primer: 5’ -CTGGCGAGCCTTAGTTTGGAC-3’. VEGF 
upstream primer: 5’ -TGCCACATATTCACGGCACCGTGC-3’, downstream primer: 5’ -GCACGTTGCACCACG 
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GCACGTGCA-3’. GAPDH upstream primer: 5’ - AGGTCGGTGTGAACGGATTTG-3’, downstream primer: 5’ - GGGG 
TCGTTGATGGCAACA-3’. The 2−ΔΔCT method was used to analyze the relative expression levels of target genes.

Screening the Active Components and Target Genes of P. grandiflorus
The active components and corresponding target genes of P. grandiflorus were retrieved by Traditional Chinese Medicine 
Systems Pharmacology Database and Analysis Platform (TCMSP) (https://old.tcmsp-e.com/tcmsp.php). Oral availability 
(OB) ≥30% and drug-likeness (DL) ≥0.18 were used as screening conditions to screen out the effective active 
components and their corresponding target genes of P. grandiflorus. Using Uniprot database (https://www.uniprot.org/) 
and the National Center for Biotechnology Information database (https://www.ncbi.nlm.nih.gov), identifying the species 
as “Homo sapiens”, the target was converted to the corresponding gene name.

Collecting Disease Targets
The keyword “scald” was introduced to the Human Gene Database (https://www.genecards.org) to obtain the potential 
target and correlation coefficient SCORE ≥5 was set as the screening criteria to obtain disease target genes.

Predicting Compounds-Disease Targets
We used the Venny 2.1.0 software (https://bioinfogp.cnb.csic.es/tools/venny/) to identify drug targets and disease targets. 
We also used this software to draft Venn diagrams. The overlapped targets were considered as the potential therapeutic 
targets of P. grandiflorum and luteolin against scald disease.

Cell Counting Kit-8 (CCK-8) Assay
The cell viability was assessed by a CCK-8 kit (Syngene, Nanjing, China). HMEC-1 cells were treated by luteolin for 24, 
48 and 72 h or transfected with Si-NC, luteolin + Si-NC, luteolin + Si-NOS3 as indicated (100 μL/well). Then, CCK-8 
solution (10 μL) were added to each well on the 96-well, followed by incubation for 2 h incubation at 37°C. Finally, the 
optical density (OD) was measured at a wavelength of 450 nm on a microplate reader (Thermo Fisher Scientific, USA).

Scratch Assay
HMEC-1 cells were treated or transfected in 24-well plates, and when the cells reached 90% confluency, the monolayers 
were scratched using a sterile pipette. The scratch was photographed and analysed at 0 h and 24 h post-scratching. The 
original opening distances were detected from three fields randomly selected each well. The opening distances in three 
wells of different groups were quantified and normalized by the original opening distance. The original opening distance 
of the scratch was set as 1. The width of the scratches in different groups was analyzed and assessed using Image Pro 
Plus 6.0 software (Bethesda, MD, USA). The migratory rate was calculated as follows: (treatment group cell migration 
distance/control group migration distance) × 100%.

Tube Formation Assay
HMEC-1 cells in the logarithmic growth phase were selected and cultured in 96-well plates containing Matrigel gel (100 
μL/well) after cell density was adjusted to 3×105/mL. After the cells adhered to the wall, each well was replaced with 
culture medium containing different concentration of luteolin (0, 1, 5, 10 μM) and SSD or was transfected with Si-NC, 
luteolin + Si-NC, luteolin + Si-NOS3. Three duplicate wells were set up in each group and cultured in an incubator at 
37°C and 5% CO2 for 6 h. Then, the tubule formation in each group was observed and photographed under the 
microscope. The experiment was repeated 3 times.

Analyzing GO Enrichment
The gene names of the overlapped gene were imported into the David 6.8 database, and the species was set as “Homo 
Sapiens” and the target gene was selected as the “official gene symbol”. The set value was P<0.01, the enrichment 
analysis of GO biological process was conducted and enrichment analysis result was visualized.
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Molecular Docking Verification
The structure of the core components was downloaded from PubChem database and saved as “.pdb” format through 
PyMol software. The top 5 core target structures were downloaded from the PDB database and the H2O and its own 
ligands were removed by PyMol software. The components and target structures were hydrogenated and charged by 
AutoDock software, and then saved as “.pdbqt” format. Grid Box coordinates and Box sizes were set, and AutoDock 
software was used for molecular docking. The structure with binding energy <0 and the lowest energy was the optimal 
structure, and the results were saved. The “.pdbqt” format of the docking results was transformed into “.pdb” format by 
Open Babel GUI software. Finally, the image was processed and analyzed by PyMol software.

Statistical Analysis
Statistical analysis was performed using GraphPad Prism software version 8.0 (GraphPad Software, San Diego, USA). 
The results are expressed as the means ± standard deviation (SD). Difference significance was evaluated using Student’s 
t-test or one-way ANOVA analysis. Each experiment was performed 3 times. *P < 0.05 was considered as of statistical 
significance.

Results
P. grandiflorus Promotes Scald Repair in Scald Model Rats
To detect the therapeutic effect of P. grandiflorus on scald model rats, we firstly observed the pathological changes of scald 
tissue after the treatment with P. grandiflorus. Hematoxylin-eosin staining results showed that in the control group, the whole 
skin layer was intact, the structure of the cuticle, epidermis and dermis were normal, and the hair follicles and accessory 
structures of the skin were intact. The epidermal structure of the model rats was destroyed, tissue edema and necrosis, and 
a large number of inflammatory cells appeared. The epidermis of rats in the P. grandiflorus group had covered most of the 
wound surface, and the epidermis was well repaired with a few new hair follicles under the skin. However, the recovery of 
scalded skin in the P. grandiflorus group was not as good as in the positive control SSD group (Figure 1A). As shown in 
Figure 1B, compared to the model group, ELISA analysis showed that the expression levels of TNF-α and IL-6 in the serum 
of P. grandiflorus group and SSD group were downregulated on day 21. Meanwhile, the relative expression levels of TGF-β1 
and VEGF in scald wound tissues were detected by qRT-PCR. We found that TGF-β1 (Figure 1C) and VEGF (Figure 1D) 
expression were significantly increased on day 3 and then significantly decreased on day 21.

Screening the Active Components of P. grandiflorus in the Treatment of Scald Injury
All the active components of P. grandiflorus were searched in TCMSP database. The data was shown in Supplementary Files. 
Oral availability (OB)≥20% and druglikeness (DL)≥0.18 were selected as screening conditions, and the basic information of 
the compounds was shown in Figure 2A. Ten active compounds of P. grandiflorus were screened from TCMSP database and 
a total of 71 disease genes were retrieved from GeneCards database. In addition, Venn diagram showed that 10 active 
compounds in P. grandiflorus could regulate 176 target genes while luteolin regulate the same number of target genes. The 
network pharmacological results preliminarily proved that luteolin was the major active component of P. grandiflorus in the 
treatment of scald injury (Figure 2B). The chemical structure of luteolin was shown in Figure 2C.

Effects of Luteolin on Scald Model Rats
To verify whether luteolin is the main active ingredient of P. grandiflorus in the treatment of scald disease, luteolin was 
applied topically to the skin wound of scald rats and the pathological structure of skin was observed by Hematoxylin- 
eosin staining. As shown in Figure 3A, after luteolin intervention, scalded skin tissue was significantly improved and 
inflammation was significantly reduced. Besides, the therapeutic effect of the positive control SSD group was still better 
than that of the luteolin group. Compared with the model group, ELISA analysis showed that the expression levels of 
TNF-α and IL-6 in the serum of luteolin group and SSD group were downregulated (Figure 3B). Meanwhile, compared 
with the model group, TGF-β1 (Figure 3C) and VEGF expression in scalded skin tissues were significantly increased 
on day 3 and then significantly decreased on day 21 in both luteolin group and SSD group (Figure 3D).
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Luteolin Promotes Cell Proliferation, Angiogenesis, and Migration in HMEC-1
To investigate the effect of luteolin on cell proliferation, angiogenesis, and migration in HMEC-1 cells, HMEC-1 cells 
were stimulated with luteolin at different concentrations (1, 5, 10 μM) and SSD, which was used as a positive control. 
With the increase of concentration of luteolin, luteolin significantly promoted cell proliferation, angiogenesis, and 
migration in HMEC-1 cells, as demonstrated by the results of CCK-8, tube formation and scratch assay. The effect of 
SSD was more effective than luteolin (Figure 4A–C). These results indicated that luteolin played crucial roles in the 
treatment of scald injury.

NO is the Pivotal Target of Luteolin in the Treatment of Scald Injury
The above experiments indicated that luteolin was an effective component of P. grandifloras in the treatment of scald 
injury. To further explore the effect targets of luteolin, we performed GO function analysis on the targets of luteolin. Five 
targets that related to the regulation of muscle cell proliferation and drug response were screened (Figure 5A). NOS3 
family NO enzymes may play a role in scald injury. SwissModel was used to construct a 3D structural model and 

Figure 1 The therapeutic effect of P. grandiflorus on scald model rats. (A) Hematoxylin-eosin staining analyzed the histopathological changes of scald wound. (B) The 
expression of TNF-α and IL-6 in serum evaluated by ELISA on day 21. The relative expression of (C) TGF-β1 and (D) VEGF in scald wound tissues detected by qRT-PCR 
on day 3, 7 and 21. The values were presented as mean ± SD (n=3). *P<0.05; **P<0.01 and ***P<0.001 versus the Model group. TNF-α, tumor necrosis factor-alpha; IL-6, 
interleukin-6; TGF-β1, transforming growth factor-β1; VEGF, vascular endothelial growth factor; SSD, silver sulfadiazine; Platycodon, P. grandiflorus.
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Autoduck was used to calculate molecular combination. As shown in Figure 5B, the image on the left shows the model 
structure of the protein molecule, the image on the right shows the binding mode of the molecule. The bands represent 
the protein molecule, and each colored bar represents a binding mode of the chemical molecule. The content of NO in the 
culture medium treated with different concentrations of luteolin was determined by ELISA assay, and with the increase of 
luteolin stimulation concentration, the content of NO also increased (Figure 5C).

NOS3 Mediates the Effects of Luteolin on Cell Proliferation, Angiogenesis, and 
Migration in HMEC-1
To verify the effect of NOS3 on luteolin in the treatment of scald injury, the expression of NOS3 was silenced by siRNA 
and then the effects of luteolin on cell proliferation, angiogenesis, and migration in HMEC-1 were detected. Compare 
with the Si-NC group, luteolin + Si-NC group significantly promoted the cell proliferation, angiogenesis, and migration 
in HMEC-1 cells. After transfection with Si-NOS3, the ability of luteolin to promote cell proliferation, angiogenesis and 
migration was significantly reduced (Figure 6A–C). Therefore, the rescue experiment proved that NOS3 was one of the 
most important targets of luteolin in the treatment of scald injury.

Figure 2 Prediction and screening the effective monomers of P. grandiflorus in the treatment of scald. (A) The active components of p. grandiflorus were obtained by TCMSP 
data. (B) Venn diagram of related targets of P. grandifloras and luteolin in treating scalds. (C) Chemical structure of luteolin.
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Discussion
The main manifestations of scald wounds are local redness, exudation and pain. The severity of symptoms is related to 
the scald site, wound area, and depth of the wound. A large number of studies believe that the healing process of burn 
wounds involves a variety of factors, such as immune system, cytokines and neuropeptides.31–33 Promotion of wound 
healing is the key to the treatment of scald injury. The appearance of new capillaries and the proliferation and migration 
of epidermal cells are the most important parts of wound healing and the main targets of treatment.34 The Chinese herbs 
used to treat scald injury usually contain plenty of complex compounds and their mechanism of treatment remains 
unclear.

We established a cutaneous scald injury rat model and the cutaneous scald rats were treated with 10% P. grandiflorus 
extract emulsifiable paste and 1% SSD. HE staining showed that the pathology of cutaneous scald was improved 
obviously after the intervention of P. grandiflorus and SSD. The results of ELISA showed that both P. grandiflorus and 
SSD inhibited the release of inflammatory cytokines in skin burn model rats, and the effect of SSD was better than 
P. grandiflorus. Through a series of inflammatory reactions, the immune system can recover the scalded tissue and resist 
bacterial infection in the initial stage of injury. However, when excessive inflammatory factors were released from the 
wound, high concentration of TNF-α and IL-6 become the harmful factors, causing excessive reactions in the body 

Figure 3 The therapeutic effect of luteolin on scald model rats. (A) Hematoxylin-eosin staining used to analyze the histopathological changes of the scald wound. (B) The 
expression of TNF-α and IL-6 in serum evaluated by ELISA on day 21. The relative expression of (C) TGF-β1 and (D) VEGF in scald wound tissues detected by qRT-PCR 
on day 3, 7 and 21. The values were presented as mean ± SD (n=3). *P<0.05; **P<0.01 and ***P<0.001 versus the Model group.
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Figure 4 The effect of luteolin on proliferation, angiogenesis and migration in HMEC-1. (A) HMEC-1 cells were treated with different concentration of luteolin (0, 1, 5, 10 μM) and 
SSD for 24, 48 and 72 h, the cell viability was analyzed by CCK-8 assay. (B) HMEC-1 were treated with different concentration of luteolin (0, 1, 5, 10 μM) and SSD for 8 h, tubule 
formation experiment was used to observe the lumen structure of HMEC-1 cells. (C) HMEC-1 cells were treated with different concentration of luteolin (0, 1, 5, 10 μM) and SSD 
for 48 h, migration was analyzed by scratch assays. Scale bar =200 μm. The values were presented as mean ± SD (n=3). *P<0.05; **P<0.01 and ***P<0.001 versus the control group.

Figure 5 Predicting and validating targets for luteolin. (A) Results of GO enrichment analysis of the potential targets. (B) Molecular docking between luteolin and main targets. (C) 
Effect of different concentrations of luteolin on NO concentration. The values were presented as mean ± SD (n=3). *P<0.05 and ***P<0.001 versus the control group.
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including necrosis of scalded tissue, excessive proliferation of repair cells, and excessive hyperplasia and scar 
formation.35,36 Our results suggested that P. grandiflorus prevented the damage of skin defense function and speeded 
up wound repair by inhibiting the inflammatory response. The wound tissues were repaired after vascular injury, 
increased permeability, neovascularization and excessive proliferation, and TGF-β1 and VEGF were the important 
regulators and promoters in the repair of injured tissue.37,38 Compared with the model group, TGF-β1 and VEGF 
were increased on day 3 but decreased significantly on day 21 in both P. grandiflorus group and SSD group. These results 
indicated that P. grandiflorus promoted wound healing by regulating the expression of TGF-β1 and VEGF.

The medication that used to treat scald injury is analgesics or topical antibiotics such as silver sulfadiazine. These 
medications usually have toxic side effects.6,39 Herbs are increasingly used in the treatment of burns and scalds and have 
a significant advantage in promoting the regeneration of wound tissues.40,41 Herbal treatments for scalds provide an effective 
treatment option in the clinics. The development of network pharmacology is the better solution for this problem.42–45 and we 
found that luteolin may be the critical components of P. grandiflorus in the treatment of scald. We verified the effect of 
luteolin on scald rat models, and found that luteolin has the same curative effect as P. grandiflorus, which can improve the 
pathological condition of scalded skin, inhibit inflammatory factors and pathological angiogenesis. In addition, in vitro 
experiments showed that with the increase of luteolin concentration, cell proliferation, angiogenesis and migration were 
enhanced. Numerous studies had shown that luteolin has a strong anti-inflammatory activity both in vivo and in vitro.46 

Luteolin affects the metabolism of arachidonic acid and various inflammatory signaling pathways, such as NF-κB signaling 
pathway, MAPK signaling pathway, JAK and STATE signaling pathway, to inhibit the expression of inflammatory cytokines 
and inflammatory mediators.46–48 Network pharmacological results had predicted multiple targets of luteolin, but it was still 
not clear which target was effective in the treatment of cutaneous scald. Therefore, through GO functional enrichment 
analysis, molecular docking and validation experiments, it was proved that NOS3 plays an important role in scald injury and 
with the increase of luteolin concentration, luteolin can significantly increase the activity of NO. Rescue experiments revealed 

Figure 6 NO mediates the effect of luteolin on proliferation, angiogenesis and migration in HMEC-1 cells. HMEC-1 cells were transfected with Si-NC and Si-NOS3, and 
then treated with 10 μM luteolin. (A) The cell viability was analyzed by CCK-8 assay. (B) Tube formation experiment was used to observe the lumen structure of HMEC-1 
cells. (C) migration was analyzed by scratch assays. Scale bar =200μm. The values were presented as mean ± SD (n=3). **P<0.01 and ***P<0.001 versus the Si-NC group. 
#P<0.05, ##P<0.01 versus the luteolin + Si-NC group.
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that inhibition of NOS3 partially weaken the ability of luteolin to promote cell proliferation, angiogenesis and migration. 
Nitric oxide synthetase (NOS) is the rate limiting enzyme of NO and NO is the endothelium dependent vasodilator produced 
and released by endothelial cells, which can relax blood vessels and inhibit platelet adhesion.49,50 Phosphorylation of NOS3 
promotes the release of NO and then inhibits platelet aggregation, which is of great significance for vascular remodeling.51,52 

Meanwhile, NOS3 can inhibit the release of inflammatory factors and apoptosis of vascular endothelial cells, and play a role 
in inhibiting vasculitis.53 These results indicated that NOS3 might be the target of luteolin to relieve cutaneous scald injury.

Conclusion
In summary, P. grandiflorus has a significant therapeutic effect on cutaneous scald injury. Using network pharmacology, 
verification experiments and rescue experiments, this study demonstrates that luteolin is the effective component of 
P. grandiflorus in the treatment of scald injury.
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