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Abstract
Background: Modern medical research has shown that Buyang Huanwu Tang and Taohong
Siwu Tang have anti-inflammatory, analgesic, and microcirculation-improving effects,
which can effectively promote wound healing in diabetic wounds. Qi-Hong-Tang-Zu
ointment (QHTZO) is a modified prescription of Buyang Huanwu Tang and Taohong Siwu
Tang; and has the function of removing necrotic tissue and promoting granulation and
swelling-dispersing and pain-relieving. However, the effect of QHTZO in the treatment of
diabetic wound is still unclear. The main objective of this study is to identify the effective
components of QHTZO and investigate its wound healing activity in diabetic wound.
Methods: UPLC-Orbitrap-MS/MS was utilized to analyze the active compounds of QHTZO.
We conducted PPI, GO enrichments and KEGG pathway enrichment analyzes to understand
the potential mechanisms of action of the QHTZO. Molecular docking analysis was
performed to explore the interactions between the core components and their corresponding
target proteins. The wound healing activity of the formula in diabetic wound was observed
using ELISA, hematoxylin, and eosin staining and immunohistochemistry. Results: A total
of 51 components of QHTZO were identified via UPLC-Orbitrap-MS/MS. AKT1, TNF, and IL6
were identified as potential drug targets, and they were associated with PI3K/Akt signaling
pathway and IL-17 signaling pathway. The molecular docking analysis has confirmed that
ellagic acid, myricetin, and kaempferol have high affinity with the core target IL6.
Histological results showed that QHTZO can promote collagen deposition,
re-epithelialization, and induced angiogenesis and hair follicle regeneration, leading to
wound healing. QHTZO can also reduce the expression of CD68, increase the expression of
CD163, and induce macrophage polarization towards the M2 phenotype. ELISA experiments
revealed that QHTZO can effectively increase the expression levels of IL-10 and TGF-β while
decreasing the expression levels of TNF-α and IL-1β. Conclusion: QHTZO can effectively
promote the repair of wound in diabetic rats by enhancing collagen deposition, regulating
macrophage polarization, and reducing inflammation.
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Introduction

Diabetes mellitus (DM) is a metabolic disease characterized by
elevated blood glucose levels due to impaired insulin function [1]. The
global prevalence of diabetes has been gradually increasing due to
improvements in living standards and changes in dietary habits [2].
Approximately 463 million people worldwide were estimated to have
diabetes [3]. Although diabetes can be well-controlled with
appropriate management, it can lead to many complications such as
vascular disorders, neuropathy, diabetic nephropathy, immune
disorders, and diabetic wound (DW) [4]. It is estimated that around
19–34% of diabetic patients develop complications, including diabetic
wound [5]. DW are characterized by a high rate of amputation,
recurrence, and mortality, severely impacting the health and quality
of life of patients [6, 7]. Currently, the treatment and care of diabetic
wound have become significant challenges for healthcare systems
worldwide.
Normal wound healing goes through four gradually recovering

stages: hemostasis, inflammation, proliferation, and tissue remodeling
[8]. However, chronic wounds such as venous ulcers, arterial ulcers,
pressure ulcers, and diabetic ulcers tend to stall in the inflammatory
phase. Macrophages play a crucial role in this process, with their
anti-inflammatory (M2) polarization contributing to wound healing.
However, damage to the inflammatory environment can disrupt the
transition of macrophages from pro-inflammatory (M1) to M2, and
diabetic patients and animals exhibit an increased M1/M2 ratio in
their skin [9, 10]. Additionally, macrophages and neutrophils produce
a large amount of ROS in response to hyperglycemic reactions during
the inflammatory stage [11]. The lack of blood vessels around the
wound further promotes ROS production. Excessive ROS, in turn,
induces a strong inflammatory response, inhibits angiogenesis, and
further deteriorates wound tissue [12, 13]. In summary, imbalances in
redox levels, excessive expression of pro-inflammatory cytokines,
abnormal differentiation of macrophages, bacterial infections, and
sustained high glucose stimulation keep the wound in a persistent
inflammatory microenvironment, severely interfering with
neovascularization and tissue regeneration. This ultimately prolongs
the healing time of the wound and increases the risk of infection and
amputation.
Currently, the main approach to enhancing the clinical management

of chronic wounds is through the local administration of growth
factors. For example, the local application of rhGM-CSF and
rhPDGF-BB has shown positive effects on wound healing. However,
larger randomized controlled clinical trials are still needed to evaluate

the efficacy of these growth factors in other types of ulcers [14].
Overall, current clinical therapies for diabetic wounds include
debridement, antibiotics, glycemic control, and living skin
transplantation, primarily focusing on preventing initial wound
expansion and infection. However, they still cannot effectively
promote diabetic wound regeneration, and 10% of diabetic wound
patients ultimately undergo amputations [15, 16].
Traditional medicine plays an important role in the treatment and
management of chronic wounds and wound healing processes. The use
of traditional Chinese medicine (TCM) in wound treatment can be
traced back to ancient times. According to ancient Chinese medical
monographs, various herbal medicines in TCM were recommended for
treating wounds [17]. Over time, significant progress has been made
in demonstrating the wound healing activity of these herbal medicines
and elucidating their underlying mechanisms [18].
The classical prescription, Modified Taohong Siwu Decoction,
which comprises of Angelicae Sinensis Radix (Danggui) 20 g,
Chuanxiong Rhizoma (Chuanxiong) 10 g, Paeoniae Radix Rubra
(Chishao) 15 g, Rehmanniae Radix (Dihuang) 30 g, Persicae Semen
(Taoren) 15 g, Carthami Flos (Honghua) 15 g, Astragali Radix
(Huangqi) 30 g, Codonopsis Radix (Dangshen) 30 g, Polygonati Rhizoma
(Huangjing) 50 g, and Lycii Fructus (Gouqizi) 20 g, exhibits a
remarkable therapeutic effect on diabetic peripheral neuropathy.
Based on this formulation, QHTZO was developed. QHTZO is
composed of 8 Chinese herbal medicines including Astragali Radix
(Huangqi), Carthami Flos (Honghua), Zanthoxyli Pericarpium (Huajiao),
Herba Speranskiae Tuberculatae (Tougucao), Lycopodii Herba
(Shenjincao), Angelicae Sinensis Radix (Danggui), Chuanxiong Rhizoma
(Chuanxiong), and Paeoniae Radix Rubra (Chishao), and has the
function of removing putrid tissues and promoting the growth of new
tissues and dispersing swelling and relieving pain. Jingwan Hong
ointment is a pure Chinese medicine preparation composed of more
than 30 Chinese herbs such as Angelicae Sinensis Radix (Danggui),
Carthami Flos (Honghua), Paeoniae Radix Rubra (Chishao), and
Chuanxiong Rhizoma (Chuanxiong), with the efficacy of activating
blood cir-culation to dissipate blood stasis, eliminating dampness by
cooling, and detumescence by detoxification. Jingwan Hong ointment
can up-regulate the expression of PDGF mRNA in the wounds of
diabetic foot ulcers in rats, effectively promoting ulcer healing
through tissue regeneration and angiogenesis [19]. Naoxin Tong
capsules (NXT) is a Chinese medicine preparation composed of 16
Chinese herbs including Astragali Radix (Huangqi), Paeoniae Radix
Rubra (Chishao), Angelicae Sinensis Radix (Danggui), Chuanxiong
Rhizoma (Chuanxiong), and Carthami Flos (Honghua). Experimental
results have shown that NXT increases collagen deposition and
extracellular matrix production, reduces neutrophil infiltration,
enhances M2 macrophage polarization and cell proliferation, reduces
wound inflammation, improves wound healing rate, and accelerates
wound repair progression [20].
However, there are still deficiencies in the efficacy evaluation and
clinical application promotion of Chinese herbal compound
formulations. In this experiment, QHTZO was used to treat diabetic
wounds in rats by topical administration. The healing ability of
QHTZO on wounds was observed, and further validation of the
mechanism of action of QHTZO in treating diabetic wounds was
performed using immunohistochemistry and immunofluorescence
techniques, providing a molecular biology basis for its treatment of
diabetic wounds.

Materials and methods

Preparation of the Chinese medicine compound extract
Chinese herbal medicine (Astragali Radix (Huangqi) 30 g, Carthami
Flos (Honghua) 15 g, Zanthoxyli Pericarpium (Huajiao) 10 g, Herba
Speranskiae Tuberculatae (Tougucao) 30 g, Lycopodii Herba
(Shenjincao) 30 g, Angelicae Sinensis Radix (Danggui) 15 g, Chuanxiong
Rhizoma (Chuanxiong) 10 g, Paeoniae Radix Rubra (Chishao) 15 g
were purchased from Tongshuntang, Anhui, China) was soaked in
10-fold aqueous methanol for 1 h and decocted for 1 h. For the second

Highlights
Qi-Hong-Tang-Zu ointment accelerates wound healing by
promoting the proliferation of wound tissue cells.
Qi-Hong-Tang-Zu ointment enhances wound contraction rates
through facilitating collagen deposition.
Qi-Hong-Tang-Zu ointment modulates macrophage polarization,
thereby alleviating the proinflammatory state in vivo and
promoting wound healing.

Medical history of objective
The Taohong Siwu Decoction was first documented in Yi Lei Yuan
Rong (compiled in 1291 C.E.) by Haogu Wang of the Yuan Dynasty,
and later quoted in Yu Ji Wei Yi (compiled in 1396 C.E.), Volume
31, by Yanchun Xu of the Ming Dynasty. Its primary efficacy lies in
nourishing blood, promoting blood circulation, and alleviating
blood stagnation-induced pain. Modern research has revealed
that the Taohong Siwu Decoction exhibits a multitude of
pharmacological effects, including anti-inflammatory properties,
hypolipidemic effects, vasodilation, antifatigue capabilities,
resistance to hypoxia, anti-shock actions, and enhancement of
immune function.
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decoction, 10-fold aqueous methanol was added once again, and the
solution was decocted for 1 h. Subsequently, the Chinese medicine
compound extract was filtered and concentrated. The herbal medicine
samples were blended with glycerol, glyceryl monostearate, liquid
paraffin, and white petrolatum to prepare an ointment. The resulting
QHTZO ointment contained 0.33 g/g (crude drug/ointment) of crude
drug, and the dosage for each group was standardized at 0.1 g/cm3.

Sample preparation for UPLC-Orbitrap-MS/MS
The 200 mg Chinese herbal medicine sample was dissolved in 50 mL
of 70% aqueous methanol for 1 h and transferred into the ultrasonic
machine for 0.5 h. Subsequently, the sample was centrifuged at 3,000
rpm for 20 min at 4 °C, and and filter through a 0.22 μm microporous
membrane. The supernatant was subjected to UPLC-Orbitrap-MS/MS
(Thermo Fisher Scientific, Waltham, MA, USA). Mobile phase A
comprised acetonitrile, and phase B consisted of an aqueous phase
containing 0.1% formic acid, with a flow rate of 0.25 mL/min.
Throughout the procedure, the column temperature was maintained at
30 °C, and 5 μL of the injection fluid was used. The gradient program
was as follows: 0–1 min, 90% B; 1–15 min, 90–10% B; 15–18 min,
10% B. The mass resolutions for precursor and fragment ions are
120,000 and 30,000 respectively. Other detailed ion source
parameters are as follows: spray voltage, 3.5 kV for positive ions and
2.8 kV for negative ions; capillary temperature 320 °C; sheath gas flow
rate (arb), 40; auxiliary gas flow rate (arb), 10; probe heater
temperature, 350 °C; mass range (m/z), 100–1,200.

Network pharmacology and molecular docking
Active compounds and corresponding drug targets collection.
Based on the results of the previous study and the above
UPLC-Orbitrap-MS/MS analysis, the ADME (Absorption, Distribution,
Metabolism, Excretion) model of basic drugs was screened using the
SWISSADME (http://www.swissadme.ch/) database, and
“Drug-likeness (DL) ≥ 0.18” was set as the screening index to obtain
the main active ingredients in the QHTZO. SWISS target prediction
(http://www.swisstargetprediction.ch/) was used as an online
database to predict the targets of the main active ingredients in the
QHTZO, and the obtained targets were sorted, combined, and
de-weighted to obtain the regulatory targets of the active ingredients
in the QHTZO.
Diabetic wound targets collection. We obtained the data of
GSE68183 from GEO (https://www.ncbi.nlm.nih.gov/geo/) database
and used R language, set P < 0.05, |log2(foldchange)| > 0.5, and
made volcano diagrams to collect the differential genes of the disease.
The GeneCards (https://www.genecards.org/) database was searched
for the key words “diabetic foot”, “diabetic foot ulcer”, “diabetic
peripheral neuropathy”, and “diabetic peripheral vascular disease” in
the GeneCards database to search for diabetic wound-associated
targets, and the obtained targets were sorted out and then combined
and de-emphasized to obtain Diabetic wound-related targets.
Drug-disease common targets collection. Obtaining diabetes
wound-related disease targets using GEO differential genes,
GeneCards, DisGeNET (https://www.disgenet.org/), and OMIM
(http://www.omim.org/) databases, respectively, and retaining
unique values after merging, the disease-related genes for diabetes
wound were obtained. By using Venny 2.1.0
(https://bioinfogp.cnb.csic.es/tools/venny/), the intersection of the
drug’s effective ingredient targets and the diabetes wound targets was
obtained, which represents the potential target for QHTZO in treating
diabetes wound.
Protein-protein interaction (PPI) network construction and
selection of core targets. Import the intersection targets into the
STRING (https://cn.STRING-db.org/cgi/) database for PPI analysis.
Save the database in TSV format and import it into Cytoscape 3.7.2.
Determine the node diameter and color depth based on the node
degree value and screen the core targets.
Enrichment analysis of core targets. Import the genes of core
targets for the effective ingredients in treating diabetes wound into the
DAVID database (https://david.ncifcrf.gov). Set the species as “Homo

sapiens” and perform Gene Ontology (GO) annotation and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway enrichment
analysis. Load the data into a bioinformatics website for visualization.
Construction of a network for QHTZO-diseases-active
ingredients-potential targets-pathways. Import nodes of QHTZO,
active ingredient, target, disease, and the top 20 signaling pathways of
the corresponding types into Cytoscape 3.7.2 to construct a
“QHTZO-diseases-active ingredients-potential targets-pathways”
network. This network aims to determine the potential mechanism of
effective components in QHTZO for treating diabetes wounds.
Molecular docking. Perform molecular docking validation between
the identified major active ingredients and core targets. Firstly,
download the 2D structure file in sdf. Format of the major active
ingredients from the PubChem (https://pubchem.ncbi.nlm.nih.gov/)
database. Secondly, download the 3D structure file in PDB format of
the core target proteins from the PDB (http://www.RCSB.org/)
database. Further, use Discovery Studio 2019 software to process the
protein and ingredient data, including hydrogenation, dehydration,
and visualization of results.

Diabetic wound healing ability of QHTZO in a rat model
Diabetic wound rat model establishment and in vivo wound
healing evaluation. The experimental animals consisted of 30 male
SPF-grade Sprague-Dawley rats, which were supplied by the Tianjin
Jinke Bona Biotechnology Co., Ltd. (No. SYXK (Jinbin) 2023-0005).
All animal treatment and experiments were approved by the Animal
Ethics Committee of the Tianjin Jinke Bona Biotechnology Co., Ltd.
(No. GENINK-20230048). According to the guidelines for the care and
use of experimental animals of the National Institute of Health, the
animal welfare is closely monitored. Before modeling, male SD rats
(6–8 weeks and weight 180–220 g) were fasted for 12 h without water
restriction, followed by intraperitoneal injection of streptozotocin
(STZ, 50 mg/kg body weight). The blood glucose levels of the rats
were monitored using a glucose meter after 2 weeks. An indication of
a successful establishment of the diabetes model was noted when the
blood glucose level exceeded 16.7 mmol/L. Full-thickness diabetic
wounds were created on the backs of the rats using a 1 cm diameter
punch biopsy device. The rats were randomly divided into three
experimental groups (n = 10 in each group) and covered with 100 μL
of PBS (MOD), Shengji ointment (SJO, active control, AC), and
QHTZO, respectively. Digital images of the wounds were captured at
specific time points, and the remaining wound area (%) was assessed
through the tracing of wound boundaries in each group. The residual
wound area rate was determined using the Equation (1):
Residual wound area rate (%) = [Wound healing area (n
day)/Original wound area] × 100 (1)

Where “n” represents the time points of 0, 3, 7, and 10 d.
Histology and immunohistochemical staining. On day 3 and 7
after injury, diabetic rats were sacrificed, and the wounded tissues
were immediately fixed in 4% paraformaldehyde. After 24-h
dehydration, the tissue samples were embedded in paraffin,
transversely sectioned at approximately 5 μm thickness for
hematoxylin and eosin (H&E) and Masson’s trichrome staining.
Moreover, immunohistochemical staining was performed on the tissue
slices.
ELISA isolation assessment. The rats were sacrificed at scheduled
time points to analyze cytokine levels using ELISA kits (Beijing
Solarbio Science & Technology Co., Ltd. Beijing, China) on the wound
tissues. ELISA kits were utilized to measure TNF-α, IL-6, and IL-1β
levels in serum, following the manufacturer’s instructions.

Statistical analysis
Data analysis was carried out using GraphPad Prism software. Prism
8.0.2 was employed for statistical analysis, with a one-way analysis of
variance utilized to assess the significance of the results. All results
were shown as the mean ± standard deviation, and at least three
independent repeated experiments were performed. A significance
level of P < 0.05 was deemed statistically significant.
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Results

Analysis of active compound in TCM formula
UPLC-Orbitrap-MS/MS analysis yielded a total of 51 active
compounds, with 29 compounds detected in positive ion mode and 22
in negative ion mode. Table 1 provides detailed information on the
chemical names, retention times, molecular weights, molecular
formulas, and other characteristics of these 51 active compounds.

Screening of active compounds and target identification
Using DL ≥ 0.18 and drug ADMET (Absorption, Distribution,
Metabolism, Excretion, Toxicity) condition as the screening criterion,
a total of 18 compounds were identified as potential active
components in the TCM formula (Supplementary Table S1, Figure 1).
The TCMSP database and SWISS target prediction database were
employed to predict the targets regulated by these 18 compounds,
resulting in 1,278 potential targets. After removing duplicate targets
and standardizing target names using Uniprot, and discarding targets

that could not be identified, a total of 433 regulatory targets of active
ingredients extracted from Chinese herbal compound extracts were
obtained.

Obtaining targets related to diabetic wounds
The GeneCards database was searched using the keywords “Diabetic
Foot”, “Diabetic foot ulcer”, “diabetic peripheral neuropathy”, and
“diabetic peripheral vascular disease” to identify targets associated
with diabetic wound. After removing duplicates, a total of 10,452
targets related to diabetic wound were obtained. The GSE68183
dataset was retrieved from the GEO database, and R language was
used for data normalization and differential analysis. Differential gene
heatmaps and volcano plots were generated (Figure 2A, 2B). A total of
250 differentially expressed genes were identified, with 107 genes
upregulated and 143 genes downregulated in diabetic wound. The
obtained targets were merged and organized, and duplicates were
removed, resulting in a final list of 10,579 targets related to diabetic
wound.

Table 1 The components of Chinese medicine compound was identified by UPLC-Orbitrap-MS/MS in both positive and negative

No.
RT
(min) Ion mode

Experimental
Mass m/z

Error
(ppm) MS2 (m/z) Formula Component name

1 23.138 [M−H]− 442.37760 −7.87
107.08523, 121.10062, 133.10043,
425.37479 C30H50O2 α-Onocerin

2 21.699 [M−H]− 458.37233 −7.99 109.10084, 123.11620, 139.11084,
149.09528

C30H50O3 Lycoclavano

3 21.602 [M+H]+ 270.25450 −5.10 103.07523, 117.09061 C17H34O2 Daturic acid

4 21.159 [M+H]+ 281.26964 −7.37 154.07652, 218.24757, 247.23993,
265.25006

C18H35NO ELD

5 21.026 [M−H]− 456.35783 −5.51
107.08531, 121.10072, 151.11081,
439.35342

C30H48O3 Mairin

6 20.750 [M−H]− 166.02530 −7.88
105.06963, 121.02789, 123.11623,
139.11086, 149.02240 C8H6O4 Isophthalic acid

7 19.772 [M+H]+ 303.25463 −5.24 105.06994, 114.09132, 147.11606,
170.15338, 218.21703, 248.19992

C20H33NO Arachidonoyl amide

8 19.695 [M−H2O]− 262.22826 −4.38
107.08543, 109.10120, 123.11668,
245.22560, 263.23599

C18H32O2 Linoleic acid

9 17.621 [M−H]− 472.35252 −5.80
101.38459, 114.45409, 128.92249,
225.32127, 225.33253, 453.15930 C30H48O4 Augustic-acid

10 15.789 [M+Na]+ 276.20757 −4.87 107.08559, 121.10101, 135.11639,
235.16837

C16H30O2 Palmitoleic acid

11 10.777 [M+H]+ 316.05678 −4.82
153.01761, 229.04861, 245.04358,
257.04312, 273.03799, 285.03799,
302.04071

C16H12O7 Isorhamnetin

12 10.765 [M−H]− 330.23878 −5.57
139.11203, 171.10196, 183.13820,
199.13321, 211.13289, 229.14319,
311.22131

C18H34O5 Pinellic acid

13 9.197 [M+H]+ 288.06188 −5.25
117.03333, 123.04390, 135.04359,
145.02776, 153.01762, 163.03830,
171.02821, 179.03320

C15H12O6 6-Hydroxynaringenin

14 9.150 [M−H]− 202.11937 −5.65 139.11214, 165.83572, 183.10167 C10H18O4 3-tert-butylhexanedioic acid

15 9.124 [M+H]+ 462.11418 −4.39
153.01762, 218.90862, 229.04872,
246.05121, 257.04324, 285.03812,
302.04077, 317.06427

C22H22O11 Pratensein-7-O-Glc

16 8.958 [M−H]− 432.10323 −4.12
107.01334, 151.00290, 169.01337,
257.04443, 285.03906

C21H20O10 Cosmosiin

17 8.940 [M+H]+ 146.03615 −4.31 105.07000, 119.04903, 129.06946 C9H6O2 Coumarin

18 8.015 [M−H]− 318.03563 −6.10
109.02889, 137.02367, 151.00285,
169.01344, 178.99763, 218.91615 C15H10O8 Myricetin

19 7.895 [M−H]− 188.10376 −5.85 116.99513, 123.08088, 143.10690,
159.87801, 166.99165

C9H16O4 Azelaic acid

20 7.232 [M+H]+ 448.09862 −4.33
121.02824, 127.03870, 145.04884,
153.01764, 165.01741, 287.05377

C21H20O11 Amoenin A3

21 6.771 [M−H2O]− 224.25300 −4.67
133.06438, 151.07472, 161.05910,
175.07474, 192.07735, 207.10083 C12H16O4 Senkyunolide I

22 6.754 [M−H]− 166.06201 −5.93 101.03916, 119.04959, 121.02882,
147.04437, 164.83505

C9H10O3 Paeonol
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Table 1 The components of Chinese medicine compound was identified by UPLC-Orbitrap-MS/MS in both positive and negative
(continued)

No.
RT
(min)

Ion mode
Experimental
Mass m/z

Error
(ppm)

MS2 (m/z) Formula Component name

23 6.672 [M+H]+ 302.04112 −5.06
153.01770, 229.04865, 247.02283,
257.00702 C15H10O7 Quercetin

24 6.671 [M+H]+ 464.09349 −4.27 165.01768, 201.05429, 229.04855,
257.04318, 303.04865

C21H20O12 Quercimeritrin

25 6.625 [M+H]+ 302.00484 −4.73
137.02289, 153.01770, 201.01755,
229.04865, 247.02283, 257.00702,
285.00186

C14H6O8 Ellagic acid

26 6.484 [M−H]− 164.04640 −5.75 119.01305, 135.04451, 145.02896 C9H8O3 Cis-4-coumaric acid

27 6.348 [M+H]+ 610.14928 −4.68
137.02249, 153.01744, 222.76682,
229.04823, 303.04773, 449.10538

C27H30O16
Kaempferol
3-O-β-sophoroside

28 6.139 [M+H]+ 386.10109 2.39
107.08520, 132.95752, 174.96774,
219.66144, 225.05588, 234.98837,
267.06586, 279.06592, 369.09723

C20H18O8 Phrymarolin V

29 6.016 [M+H]+ 286.04640 −4.66
121.02789, 137.02245, 153.01723,
165.01723, 183.02759, 213.05315,
241.04794, 258.05057

C15H10O6 Kaempferol

30 6.015 [M+H]+ 594.15453 −5.15
121.02782, 153.01735, 165.01683,
287.05295, 433.10986

C27H30O15 Nicotiflorin

31 5.981 [M−H]− 480.08757 −5.88
178.99745, 214.02605, 242.02049,
270.01630, 287.01785, 316.02063

C21H20O13 Tagetiin

32 5.889 [M−H2O]− 125.08338 −4.63 108.08051, 126.05432 C7H13NO2 DL-Threonine
33 5.817 [M−H]− 154.02574 −5.64 110.03226, 135.00813 C7H6O4 Protocatechuic acid
34 4.785 [M−H]− 138.03088 −5.88 109.02898, 114.44559 C7H6O3 Protamine sulfates

35 4.509 [M−H]− 290.07756 −5.10
109.02888, 123.04463, 137.02379,
151.03918, 203.07045, 245.00781 C15H14O6 Epicatechin

36 3.658 [M−H]− 484.08262 −5.54
125.02370, 168.00545, 193.01314,
211.02373, 218.49788, 271.04456,
313.05496

C20H20O14 Galloylglucose

37 2.106 [M+H]+ 165.07800 −5.90 103.05413, 107.04896, 120.08037,
138.05418, 166.08549

C9H11NO2 Phenylalanine

38 1.919 [M−H]− 170.02057 −5.62 107.01331, 125.02377 C7H6O5 Gallic acid

39 1.880 [M+H]+ 126.03108 −4.90 109.02815 C6H6O3
5-(Hydroxymethyl)furan-2-
carbaldehyde

40 1.773 [M+H]+ 267.09511 −6.15 119.03484, 137.04515, 224.45299 C10H13N5O4 ADO

41 1.773 [M+H]+ 131.09395 −5.17 104.04916 C6H13NO2 D-tert-Leucine

42 1.771 [M−H]− 244.06798 −6.39
110.02418, 127.05061, 152.03455,
219.85860

C9H12N2O6 Uridine

43 1.718 [M+H]+ 296.26970 −6.17 247.24069, 266.99762, 283.02881 C19H36O2 Exceparl M-OL

44 1.188 [M−H]− 192.02597 −5.38 111.00822, 129.01872 C6H8O7 Limonexic acid
45 1.150 [M+H]+ 115.06296 −3.21 98.03395 C5H9NO2 Proline
46 1.143 [M−H]− 192.06230 −5.67 111.00821, 127.03940 C7H12O6 D- (-)-Quinic acid

47 1.135 [M−Na]− 336.08003 −4.23
112.07550, 114.05465, 140.06998,
220.86884, 253.11659, 337.08759 C16H18O9 Heriguard

48 1.134 [M−H]− 268.07781 −4.36 105.01878, 113.02389 C16H12O4 Formononetin

49 1.129 [M+Na]+ 364.09590 −6.10
101.37939, 114.44608, 138.05405,
155.26265, 173.36427, 185.04103,
203.05144, 220.58041, 302.70685

C12H22O11 Sucrose

50 1.100 [M+H]+ 103.09954 −2.18 86.03747 C5H13NO Choline

51 1.012 [M+H]+ 174.11070 −5.58 116.07027, 130.09686, 157.10742 C6H14N4O2 Argininic acid

ELD, Eldamic acid amide; ADO, Adenosine.
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Figure 1 Chemical structure formula for core components.

Figure 2 GEO data mining. (A) Diabetic wounds differential gene heat map; (B) GEO differential analysis volcano map.
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After sequencing the differential genes of diabetic wound according
to log2FC, gene set enrichment analysis found that compared with
normal people, upregulated genes were significantly enriched in
glutathione metabolism, insulin signaling pathway, and PAPR
signaling pathway, while downregulated genes were significantly
enriched in cytokine receptor interaction, toll like receptor signaling
pathway, and chemokine signaling pathway (Figure 3A, 3B).

Network pharmacology analysis
Intersection analysis using a Venn diagram was performed between
the regulatory targets of active compounds in the TCM formula and
targets related to diabetic wound, resulting in 401 common targets
(Figure 4A). These 401 targets may represent potential therapeutic
targets for treating diabetic wounds with the TCM formula. The PPI
network of these 401 common targets was obtained using the STRING
database, and core targets in key modules were selected based on their
degree values (Figure 4B). Ten core targets were identified based on
the degree values, namely AKT1, TNF, IL6, TP53, IL-1β, SRC, EGFR,
CASP3, STAT3, and MYC (Figure 4C). These 10 core targets may be
the key targets of QHTZO in the treatment of diabetic wounds.
GO and KEGG analyzes were performed on the 401 common targets

using the David database (Figure 4D, 4E). The potential therapeutic
targets of the TCM formula and diabetic wound were found to be
involved in biological processes such as signal transduction, negative
regulation of apoptotic process, and positive regulation of cell

proliferation. They were associated with cellular components such as
plasma membrane, cytosol, and cytoplasm, and molecular functions
such as identical protein binding, ATP binding, and enzyme binding.
The main enriched pathways identified in the KEGG analysis included
PI3K-Akt signaling pathway, AGE-RAGE signaling pathway in diabetic
complications, and IL-17 signaling pathway. The PI3K/Akt was
searched using the KEGG database, and the potential targets of
diabetic wound effects of active ingredients involved in this pathway
were red flagged. The network diagram of the QHTZO-diseases-active
ingredients-potential targets-pathways network was constructed using
Cytoscape 3.7.2 (Figure 5). Analysis revealed that quercetin,
kaempferol, and myricetin had high degree values, indicating that
these compounds are likely core components for treating diabetic
wounds.

Molecular docking
The top eight potential targets (AKT1, TNF, IL-6, TP53, IL-1β, EGFR,
CASP3, and STAT3) with degree values in the PPI protein network
were docked with the top eight active components (quercetin,
kaempferol, myricetin, isorhamnetin, lycoclavanol, ellagic acid,
formononetin, and 6-hydroxynaringenin) with degree values in the
“QHTZO-diseases-active ingredients-potential targets-pathways
network”. The binding affinities of 64 docking poses are shown
(Supplement Figure S1). The highest binding affinity of each molecule
was visualized in Figure 6A–6D.

Figure 3 Gene enrichment analysis. (A) Up-regulated gene set analysis; (B) Down-regulated gene set analysis. KEGG, Kyoto Encyclopedia of
Genes and Genomes.

Figure 4 Network pharmacology analysis. (A) Venn diagram of component-disease targets; (B) PPI network diagram; (C) Core gene bar chart;
(D) GO enrichment analysis; (E) KEGG pathway enrichment analysis of core targets. QHTZO, Qi-Hong-Tang-Zu ointment; BP, biological process;
CC, cellular components; MF, molecular function.
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Figure 5 QHTZO-diseases-active ingredients-potential targets-pathways network. QHTZO, Qi-Hong-Tang-Zu ointment.

Figure 6 Molecular docking of active ingredients and core genes. (A) Kampferol-IL6 (6MG1); (B) Myricetin-IL6 (6MG1); (C) Isorhamnetin-IL6
(6MG1); (D) Formononetin- IL6 (6MG1).

Validation of pharmacological activity in vivo
Study on accelerated wound healing model in diabetic rats. A
full-thickness skin wound model in diabetic rats induced by STZ was
used to further investigate the tissue repair effects of a QHTZO in vivo.
The wounds on diabetic rats were immediately treated with PBS,
Shengji ointment, or QHTZO (Figure 7A). Digital photos of the
wounds showed that the wound healing rate of the QHTZO group was

the highest, reaching nearly 70% on the 10th day of treatment. It
significantly promoted the wound healing speed in diabetic rats at all
tested time points and reduced the wound healing time (Figure 7B,
7C). After 10 d of treatment, the wound healing rates of PBS group,
Shengji ointment group, and QHTZO group were 53.99 ± 1.50%, 61.6
± 1.38%, and 70.15 ± 2.19%, respectively (Figure 7D).
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Figure 7 QHTZO accelerates wound closure in diabetic wound rats. (A) Flow diagram depicting the use of QHTZG in animal trials; (B)
Representative photographs of diabetic wounds in different treatment groups; (C) Traces of wound healing process in different treatment groups;
(D) Quantitative analysis of residual wound area on days 3, 7, and 10 after treatment in different groups (n = 3); (E) Morphological observation of
diabetic wound area on day 3 and 7 stained with H&E in different groups (scale bar = 500 μm). *P< 0.05, **P< 0.01, compared with MOD group.
TCM, traditional Chinese medicine; H&E, hematoxylin and eosin; ELISA, enzyme-linked immunosorbent assay; QHTZO, Qi-Hong-Tang-Zu
ointment.

Subsequently, H&E examination of the wound healing quality was
performed on the 3rd and 7th days. From the representative
macroscopic view and skin wound simulation images of each group, it
was found that the QHTZO group had good wound repair effects.
Granulation tissue formation was more organized, inflammation cell
infiltration was effectively reduced, and there was an increase in
re-epithelialization thickness and faster wound healing compared to
the Shengji ointment group. In the PBS group, there was excessive
inflammation cell infiltration, formation of necrotic tissue, and limited
regeneration of granulation tissue (Figure 7E).
Regulating macrophage polarization to alleviate
pro-inflammatory state. In diabetic wounds, macrophages fail to
effectively transition from the M1 to M2 phenotype due to factors such
as accumulation of glycation end products and high blood sugar
levels, leading to prolonged inflammation and oxidative stress. The
experimental results showed that QHTZO could effectively induce
macrophage polarization (Figure 8A). QHTZO can regulate
macrophage polarization and alleviate pro-inflammatory effects. To
determine whether the QHTZO affects macrophage polarization, dual
positive immunofluorescence staining was performed on M1 and M2
macrophages. Confocal laser scanning microscopy images showed that
the PBS group induced expression of CD86 (M1 macrophages), while
the fluorescence intensity was relatively weaker in the positive control
group and the QHTZO group, and the number of M1 macrophages was
also lower (Figure 8B). Furthermore, compared to the PBS group, the
expression of CD163 (M2 macrophages) was upregulated in the
positive control group and the QHTZO, with higher levels in the

QHTZO group (Figure 8C).
The activation state of macrophages has a significant impact on the
wound healing process. To evaluate the anti-inflammatory effects of
the QHTZO, an ELISA assay was performed on skin tissue samples
collected from the wounds on post-treatment days 3 and 7. The results
showed that the QHTZO significantly increased the expression of
anti-inflammatory markers such as IL-10 and TGF-β compared to the
untreated control group (Figure 8D, 8E).
Previous studies have found a correlation between the excessive
production of IL-10 by M2 macrophages in streptozotocin-induced
diabetic rats and the production of pro-inflammatory cytokines.
Additionally, the QHTZO-treated group showed a significant
reduction in inflammatory markers such as TNF-α and IL-1β levels
compared to the untreated control group (Figure 8F, 8G).
Mechanisms promoting wound closure. To evaluate the effects of
the QHTZO on skin regeneration, we used immunofluorescence
staining to detect the expression of the cell proliferation marker Ki67.
The wounds treated with the QHTZG displayed significantly enhanced
Ki67 cell expression compared to the other groups, indicating that the
QHTZO promotes cell proliferation in the harsh wound
microenvironment (Figure 9A). To validate the activation of collagen
metabolism, we assessed the expression of integrin α3 through
immunofluorescence staining. The positive expression of integrin α3
was significantly increased in the QHTZO group, indicating collagen
deposition and a more uniform distribution of collagen. These results
further demonstrate the potential of the QHTZO in promoting skin cell
proliferation and collagen synthesis (Figure 9B). Masson’s trichrome
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staining, which labels collagen, showed that the QHTZO group had
the most abundant collagen deposition (Figure 9C).
Biocompatibility assessment. To evaluate the biocompatibility of
the QHTZO, we conducted cell toxicity assays and observed
histopathological tissue sections of visceral organs. Firstly, we
examined the toxicity of the TCM extract on immortalized human
epidermal cells (HACAT cells). We assessed HACAT cells cultured for
24 and 48 h using live/dead cell staining and confocal laser scanning
microscopy. The experimental results showed that most of the HACAT
cells in the treatment group appeared green (green cells indicating live
cells, and red cells indicating dead cells), like the control group,
indicating no significant toxicity of the TCM extract on cells (Figure
10A). Furthermore, on postoperative day 10, we conducted HE
staining on the visceral organs of the different treatment groups and
observed the tissue structure of the heart, liver, spleen, lungs, and
kidneys. The results showed no significant structural changes or
accumulation of inflammatory cells in these organs (Figure 10B). All
these pieces of evidence suggest that the QHTZO has good
biocompatibility.

Discussion

DM is an increasingly concerning public health issue worldwide,
annually leading to non-healing ulcers, subsequent gangrene, and
even necessitating amputation, seriously endangering human health

[21–23]. The risk of ulcer recurrence is also remarkably high, with a
40% recurrence rate in the first year after healing, and a 65%
recurrence rate within the following three years [24]. TCM plays a
significant role in treating diabetic wounds, with plant chemical
analysis indicating the presence of various compounds such as
alkaloids, flavonoids, phenols, saponins, steroids, and tannins [25,
26]. It has been proven that TCM can promote diabetic wound healing
by regulating signaling pathways including Wnt, NF-κB, Notch,
PI3K/Akt/mTOR, TGF-β/Smad, IL-17, and MAPK, inhibiting oxidative
stress, enhancing angiogenesis, increasing cytokine production,
regulating abnormal glucose metabolism, promoting proliferation of
keratinocytes and fibroblasts, and ultimately facilitating the healing of
diabetic wounds [27].
QHTZO is a combination of modified Buyang Huanwu Tang and
Taohong Siwu Tang, with the functions of promoting tissue
regeneration, activating blood circulation, eliminating stasis, clearing
heat, and detoxifying. In this study, UPLC-Orbitrap-MS/MS analysis
was used to identify the chemical components in the TCM compound
and a total of 51 compounds were identified, with 18 of them being
the main components. The network pharmacological analysis was
further conducted, and this study identified the top-ranked effective
components as quercetin, ellagic acid, myricetin, kaempferol, tannic
acid, and vitexin. These components have been reported to possess
anti-inflammatory, antioxidant, antimicrobial, and wound healing
properties.

Figure 8 QHTZO regulates macrophage polarization and alleviates pro-inflammatory state in vivo. (A)The experimental results showed that
QHTZO could effectively induce macrophage polarization; (B) Immunofluorescence staining of wound area in different groups labeled with CD86
(green), CD68 (red), and DAPI (blue) (scale bar = 50 μm); (C) Immunofluorescence staining of wound area in different groups labeled with CD163
(green), CD68 (red), and DAPI (blue) (scale bar = 50 μm); ELISA analysis of expression of (D) TGF-β, (E) IL-10, (F) IL-1β, and (G) TNF-α (n = 3). *P
< 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001, compared with MOD group. QHTZO, Qi-Hong-Tang-Zu ointment; ROS, reactive oxygen species;
MPO, myeloperoxidase; HACAT, immortalized human epidermal cells; TGF-β, transforming growth factor-β; IL-10, interleukin 10; IL-1β,
interleukin 1β; TNF-α, tumor necrosis factor-α.
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Figure 9 QHTZO enhances re-epithelialization, collagen deposition, and angiogenesis. (A) Representative immunofluorescence staining of
Ki67 (green) and DAPI (blue) in wound area (scale bar = 50 μm); (B) Histological sections of wound area in different groups labeled with integrin
α3 (red) and DAPI (blue) (scale bar = 50 μm); (C) Morphological observation on days 3 and 7 by Masson’s trichrome staining (scale bar = 500
μm). QHTZO, Qi-Hong-Tang-Zu ointment.

Figure 10 In vivo and in vitro safety evaluation. (A) Fluorescent staining images of HACAT cells after 24 h and 48 h of drug administration
(scale bar = 100 μm); (B) Histological images of heart, liver, spleen, lung, and kidney stained with H&E after 10 d of treatment with QHTZO
(healthy control) in diabetic wound rats (scale bar = 200 μm).

The research findings indicate that topical application of quercetin,
possessing antioxidant and anti-inflammatory activities, promotes
wound healing in incision and excision wounds of diabetic and
non-diabetic rats. Results from cell and animal experiments suggest
that total flavonoids of Astragalus membranaceus exert
immunomodulatory and anti-inflammatory effects by regulating the

MAPK and NF-κB signaling pathways in RAW246.7 macrophages [28].
In vitro experiments demonstrate a significant increase in cell
proliferation when NIH3T3 cells are co-cultured with tannin-loaded
nanospheres in a hydrogel [29].
The core targets involved in this study are AKT1, IL-6, IL-1β, and
EGFR. AKT1 regulates cell survival, proliferation, and angiogenesis,
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induces glucose transport and uptake, and controls diabetes and its
complications. Activated Akt increases the activity of the VEGF
promoter and mediates the migratory response of endothelial cells to
VEGF [30]. EGFR plays a critical role in the chemotaxis and
proliferation of monocytes and macrophages. EGFR mediates cell
proliferation, differentiation, and migration by signaling through
epidermal growth factor, thereby regulating inflammatory responses,
wound granulation, and neovascularization to promote wound
healing.
KEGG enrichment mainly involves the AGE-RAGE signaling

pathway, PI3K/Akt signaling pathway, and IL-17 signaling pathway.
Studies have indicated that the AGE-RAGE signaling pathway is
involved in regulating vascular neogenesis, tissue regeneration, and
wound repair in diabetic foot ulcers. High blood glucose can activate
the AGE-RAGE signaling pathway, affecting the oxidative stress level
of diabetic foot ulcer wounds, while stimulating the expression and
release of a large number of inflammatory factors, causing sustained
damage and functional disruption in endothelial cells, impacting the
integrity of blood vessel walls, and leading to vascular lesions [31].
The PI3K/Akt/mTOR signaling pathway plays an important regulatory
role in the healing process of diabetic ulcers, as it can upregulate the
expression of VEGF, FGF, and EGF, regulate cell migration,
proliferation, differentiation, and apoptosis, induce
epithelial-mesenchymal transition (EMT), and promote wound healing
[32]. IL-17 can regulate the expression of pro-inflammatory genes,
including inflammatory factors such as IL-6, IL-1, TNF, and G-CSF.
The molecular docking results revealed that quercetin, myricetin,

and kaempferol have a Libdock score greater than 100 when binding
with IL-6 (6MG1), indicating a high affinity. IL-6, one of the most
common inflammatory factors, is predominantly produced by
monocytes, macrophages, T lymphocytes, and fibroblasts, with close
interactions with the endocrine system [33, 34]. Previous research has
established a significant association between IL-6 and diabetic
complications [35].
IL-1β, TNF-β, TNF-α, and IL-10 are inflammatory cytokines that play

important roles in the early stages of wound healing. TNF-α and IL-1β
secreted by M1 macrophages are associated with sustained
pro-inflammatory responses that impede the healing process. In
contrast, M2 macrophages produce anti-inflammatory and tissue
repair-promoting factors such as IL-10 and TGF-β [36]. Therefore,
evaluating the levels of IL-1β, TNF-β, TNF-α, and IL-10 in diabetic
wound tissue is a key indicator for assessing the anti-inflammatory
activity of the QHTZO. Experimental results indicate that QHTZO
effectively inhibits the expression of pro-inflammatory cytokines
(TNF-α, IL-1β) and promotes the expression of anti-inflammatory
cytokines (IL-10, TGF-β). CD68 is a glycoprotein and serves as a
marker for macrophages involved in wound healing. M1 macrophages
overexpress CD80, CD86, and CD16/32, and secrete pro-inflammatory
cytokines [37]. In this study, the QHTZO reduced the infiltration of
M1 macrophages, promoted the infiltration of M2 macrophages into
the wound, and alleviated local inflammation, thereby accelerating
the healing of diabetic rat wounds.
Previously, major active ingredients such as myricetin, quercetin,

and ellagic acid were identified in QHTZO by UPLC-Orbitrap-MS/MS
analysis. These compounds may be the core pharmacological
components in the TCM compound for intervening in diabetic foot.
Research has shown that myricetin is a common plant flavonoid
compound with a wide range of biological activities, including
antioxidant, anticancer, antidiabetic, antihypertensive, antiallergic,
and anti-inflammatory effects [38]. Myricetin isolated from Tecomaria
capensis v. aurea has been studied for its local healing ability in
wounds of albino rats. Myricetin can reduce the expression levels of
pro-inflammatory cytokines (IL-1β, TNF-α) in rat serum and increase
the expression of CD68. Myricetin can also inhibit the production of
pro-inflammatory factors (IL-6, IL-8) in LPS-stimulated skin cells and
decrease the expression level of MMP-1 in fibroblasts [39, 40]. In
conclusion, myricetin can better improve wound healing in rats and
can serve as an effective anti-inflammatory agent.
Tetramethylpyrazine, a natural alkaloid found in chuanxiong, has

been shown in modern pharmacology to promote diabetic wound
recovery by polarizing macrophages from M1 to M2 phenotype [41].
In addition, quercetin has been found to inhibit inflammatory
reactions by modulating macrophage polarization from the M1 to M2
phenotype, thereby speeding up diabetic wound repair [42]. Studies
have also shown that wounds treated with quercetin exhibited
increased collagen fiber content and decreased expression of
inflammatory cytokines (TNF-α, IL-1β, and IL-6) [43]. Ellagic acid
belongs to the flavonoid class of compounds, and previous studies
have suggested that flavonoids play a role in wound healing. Research
has shown that local application of ellagic acid, which possesses
antioxidant and anti-inflammatory activities, promotes wound healing
in both diabetic and non-diabetic rats [28]. Therefore, the TCM
compound developed in this study, containing these active
components, shows potential for the treatment of diabetic wounds.
The expression level of Ki67 serves as a marker of cell proliferation
activity, with higher Ki67 levels indicating increased numbers of cells
in the division phase and enhanced cell proliferation [44]. The study
demonstrates that QHTZO promotes the expression levels of Ki67,
facilitating wound healing. Keratinocytes, the main cell type in the
epidermis, express and secrete a large number of growth factors,
cytokines, and keratin, playing a vital role in wound healing.
Astragalus membranaceus and Rehmannia glutinosa extract effectively
promote the proliferation of keratinocytes by regulating the
expression of growth factor receptors [45]. Research has found that
the flavonoid compound quercetin has significant oxidative stress
improvement effects. It regulates the expression of cytokines and
growth factors, promotes fibroblast proliferation, angiogenesis, and
collagen deposition, thereby accelerating wound healing [46].
Astragaloside IV promotes collagen deposition, expression of
extracellular matrix-related genes (such as fibronectin and collagen
IIIa), VEGF, and vWF in diabetic mice wounds, thereby promoting
neovascularization and inducing alternative activated macrophage
development, potentially playing a role in maintaining skin
homeostasis and accelerating diabetic wound healing [47].
There are still some limitations in this study, as further
experimental validation of the results from network pharmacology
analysis was not conducted. To reflect the therapeutic effects of the
traditional Chinese medicine compound ointment on diabetic wounds,
more diversified methods can be utilized, such as increasing in vitro
studies and deepening the exploration of mechanisms.

Conclusion

In conclusion, it has been elucidated that the core formula may exert
therapeutic effects on diabetic wounds by targeting AKT1, TNF, IL6,
TP53, IL-1β, EGFR, and other key points through components such as
quercetin, naringenin, myricetin, kaempferol, ellagic acid, and
isoquercitrin, and acting through signaling pathways including the
PI3K-Akt pathway, cancer-related signaling pathways, and the
AGE-RAGE signaling pathway. In addition, QHTZO can regulate the
expression of TGF-β, IL-10, IL-1β, and TNF-α, as well as modulate
macrophage polarization, reducing pro-inflammatory conditions in
the body, enhancing the body’s healing ability, promoting skin cell
proliferation and collagen synthesis, thus showing good therapeutic
effects on diabetic rats’ wound.
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