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Abstract
BACKGROUND 
Diabetic retinopathy (DR) is a common microvascular complication of diabetes 
mellitus. Its blindness rate is high; therefore, finding a reasonable and safe 
treatment plan to prevent and control DR is crucial. Currently, there are abundant 
and diverse research results on the treatment of DR by Chinese medicine 
Traditional Chinese medicine compounds are potentially advantageous for DR 
prevention and treatment because of its safe and effective therapeutic effects.

AIM 
To investigate the effects of Buqing granule (BQKL) on DR and its mechanism 
from a systemic perspective and at the molecular level by combining network 
pharmacology and in vivo experiments.

METHODS 
This study collected information on the drug targets of BQKL and the therapeutic 
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https://dx.doi.org/10.4239/wjd.v15.i9.1942
mailto:20080011@nxmu.edu.cn


Yang YF et al. BQKL for DR

WJD https://www.wjgnet.com 1943 September 15, 2024 Volume 15 Issue 9

targets of DR for intersecting target gene analysis and protein-protein interactions (PPI), identified various 
biological pathways related to DR treatment by BQKL through Gene Ontology and Kyoto Encyclopedia of Genes 
and Genomes enrichment analyses, and preliminarily validated the screened core targets by molecular docking. 
Furthermore, we constructed a diabetic rat model with a high-fat and high-sugar diet and intraperitoneal strepto-
zotocin injection, and administered the appropriate drugs for 12 weeks after the model was successfully induced. 
Body mass and fasting blood glucose and lipid levels were measured, and pathological changes in retinal tissue 
were detected by hematoxylin and eosin staining. ELISA was used to detect the oxidative stress index expression in 
serum and retinal tissue, and immunohistochemistry, real-time quantitative reverse transcription PCR, and 
western blotting were used to verify the changes in the expression of core targets.

RESULTS 
Six potential therapeutic targets of BQKL for DR treatment, including Caspase-3, c-Jun, TP53, AKT1, MAPK1, and 
MAPK3, were screened using PPI. Enrichment analysis indicated that the MAPK signaling pathway might be the 
core target pathway of BQKL in DR treatment. Molecular docking prediction indicated that BQKL stably bound to 
these core targets. In vivo experiments have shown that compared with those in the Control group, rats in the 
Model group had statistically significant (P < 0.05) severe retinal histopathological damage; elevated blood glucose, 
lipid, and malondialdehyde (MDA) levels; increased Caspase-3, c-Jun, and TP53 protein expression; and reduced 
superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) levels, ganglion cell number, AKT1, MAPK1, 
and MAPK3 protein expression. Compared with the Model group, BQKL group had reduced histopathological 
retinal damage and the expression of blood glucose and lipids, MDA level, Caspase-3, c-Jun and TP53 proteins 
were reduced, while the expression of SOD, GSH-Px level, the number of ganglion cells, AKT1, MAPK1, and 
MAPK3 proteins were elevated. These differences were statistically significant (P < 0.05).

CONCLUSION 
BQKL can delay DR onset and progression by attenuating oxidative stress and inflammatory responses and 
regulating Caspase-3, c-Jun, TP53, AKT1, MAPK1, and MAPK3 proteins in the MAPK signaling pathway mediates 
these alterations.

Key Words: Diabetic retinopathy; Network pharmacology; Animal models; Oxidative stress; Inflammatory

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this study, we constructed a diabetic retinopathy (DR) model in Sprague-Dawley rats and combined network 
pharmacology and in vivo experiments to thoroughly investigate the therapeutic efficacy of Buqing granule in DR and their 
mechanism of action. The experimental data showed that Buqing granule could significantly reduce oxidative stress and 
inflammatory damage, thus delaying DR. This finding not only deepens our understanding of DR pathogenesis, but also 
provides new ideas and potential therapeutic targets for future innovation in DR treatment.

Citation: Yang YF, Yuan L, Li XY, Liu Q, Jiang WJ, Jiao TQ, Li JQ, Ye MY, Niu Y, Nan Y. Molecular mechanisms of Buqing 
granule for the treatment of diabetic retinopathy: Network pharmacology analysis and experimental validation. World J Diabetes 
2024; 15(9): 1942-1961
URL: https://www.wjgnet.com/1948-9358/full/v15/i9/1942.htm
DOI: https://dx.doi.org/10.4239/wjd.v15.i9.1942

INTRODUCTION
Diabetic retinopathy (DR) is a severe disease that damages the retina due to the effects of prolonged hyperglycemia on 
the blood vessels and tissues of the eye and requires a high level of attention for patients with diabetes[1]. DR pa-
thogenesis is complex, and its treatment can be challenging. The best option for reducing the risk of retinopathy onset and 
progression is to control blood glucose, blood pressure, and lipids[2]. The most common clinical treatments include 
steroids, anti-vascular endothelial growth factor therapy, vitrectomy, and laser therapy[3]. However, these treatment 
modalities are expensive and may have specific side effects. Therefore, finding treatment modalities that have few 
adverse effects and are safe and effective in DR should be developed.

Buqing granule (BQKL) are a traditional prescription first described in "Yangshi Jiacang Fang". It tonifies the kidneys, 
benefits its essence, nourishes the liver, and brightens the eyes. In the preliminary stage of this study, the chemical 
components of the herbal medicines were qualitatively detected using HPLC-IT-TOF for studying the pharmacological 
substance basis and quality control of BQKL. In addition, clinical observations and pharmacological experiments found[4,
5] that BQKL has excellent antioxidant and hypoglycemic effects and delays ophthalmopathy onset and development in 
diabetes. However, studies on the pharmacological effects of BQKL in DR treatment and the underlying molecular 
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Figure 1 Research flow chart. aP < 0.05, bP < 0.01, cP < 0.001.

mechanisms need to be conducted.
Network pharmacology combines computer science and systems biology to study the mechanism of drug action and 

molecular design of multitarget drugs[6]. It focuses on exploring "drug-disease-target gene" interaction networks at a 
systemic and comprehensive level. Chinese medicines and their formulas are characterized by multi-component, multi-
pathway, and multi-target synergistic effects, which are advantageous for preventing and treating complex diseases. 
Network pharmacology has many similarities with the holistic concepts of traditional Chinese medicine, which provide a 
new perspective and solution for studying the mechanism of action and the material basis of the efficacy of compound 
formulas of Chinese medicines[7]. This study aimed to explore the potential mechanism by which BQKL treats DR using 
a combination of network pharmacology and animal experiments and establish a foundation for its future clinical 
application (Figure 1).

MATERIALS AND METHODS
Screening of the active ingredients in BQKL
The BQKL active ingredients were searched using TCMSP (https://old.tcmsp-e.com/tcmsp.php)[8] to screen the 
potential targets of action of BQKL. The potential targets of active ingredients were supplemented by PubMed (https://
pubmed.ncbi.nlm.nih.gov/). A network diagram of "BQKL-Active Ingredients-Targets of Action" was constructed.

DR-related target prediction
GeneCards[9] (https://www.genecards.org/), OMIM[10] (https://omim.org/), TTD[11] (http://db.idrblab.net/ttd/), 
PharmGKB[12] (https://www.pharmgkb.org/) combined with GEO[13] (http://www.ncbi.nlm.nih.gov/geo/) and other 
databases were searched to collect, merge, and de-emphasize disease targets to identify potential DR targets.

https://old.tcmsp-e.com/tcmsp.php
https://old.tcmsp-e.com/tcmsp.php
https://old.tcmsp-e.com/tcmsp.php
https://old.tcmsp-e.com/tcmsp.php
https://pubmed.ncbi.nlm.nih.gov/
https://pubmed.ncbi.nlm.nih.gov/
https://www.genecards.org/
https://www.genecards.org/
https://omim.org/
https://omim.org/
http://db.idrblab.net/ttd/
http://db.idrblab.net/ttd/
http://db.idrblab.net/ttd/
https://www.pharmgkb.org/
https://www.pharmgkb.org/
http://www.ncbi.nlm.nih.gov/geo/
http://www.ncbi.nlm.nih.gov/geo/
http://www.ncbi.nlm.nih.gov/geo/
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Venn diagram and protein-protein interaction network construction
InteractiVenn[14] (http://www.interactivenn.net/index2.html) mapped the screened disease targets to the BQKL 
compound targets, and the intersecting targets were considered the targets of action of the BQKL for treating DR. The 
intersected targets were imported into the STRING database[15] (https://cn.string-db.org/) for protein interaction 
information. Cytoscape 3.9.0 was used for visualization, free target removal, protein-protein interaction (PPI) network 
construction, network topology analysis, and the degree value of the targets in the PPI network calculation.

GO and KEGG enrichment analyses
Overlapping intersection targets were added to the DAVID database[16] (https://david.ncifcrf.gov/tools.jsp), and GO 
and KEGG enrichment analyses were performed. The results were visualized using an online tool (https://www.bio-
informatics.com.cn) and Adobe Illustrator 2020.

Molecular docking
The SDF structure files of the core BQKL compounds were downloaded from Pubchem[17] (https://pubchem.ncbi.nlm.-
nih.gov/). High-resolution PDB format files of the BQKL core compound genes were obtained from the PDB database[18] 
(https://www.rcsb.org) and processed using PyMOL 2.5.2 for dehydrogenation and hydrogenation after deletion of the 
proto-ligands contained in the large-molecule receptors. The processed large and small molecules were imported into 
AutoDockTools 1.5.7 for molecular docking verification, and the docking results were visualized using PyMOL 2.5.2.

Animals
Five-week-old male Sprague-Dawley rats, body mass (220 ± 20) g, were purchased from the Animal Experiment Center of 
Ningxia Medical University, acclimatized for one week, and observed daily. During the experimental period, the rats had 
access to sufficient water and food; the bedding in the cages was changed daily to keep them dry, ensure animal welfare, 
and strictly implement ethical animal requirements. All animal experiments were approved by the Laboratory Animal 
Welfare Ethics Committee of Ningxia Medical University Laboratory Animal Center (No. IACUC-NYLAC-2022-113).

Drug preparation
All herbs used in this study were purchased from the Traditional Chinese Medicine Hospital of Ningxia Medical 
University and prepared according to standards. BQKL comprises Cuscuta chinensis Lam. (C. chinensis Lam.) (Tusizi) 20 g, 
Lycium barbarum L. (L. barbarum L.) (Gouqizi) 20 g, Lycium chinense Mill. (L. chinense Mill.) (Digupi) 10 g, Plantago asiatica L. 
(P. asiatica L.) (Cheqianzi) 10 g, Chrysanthemum morifolium Ramat. (C. morifolium Ramat.) (Ganjuhua) 10 g, Rehmannia 
glutinosa Libosch. (R. glutinosa Libosch.) (Shudihuang) 20 g, and Poria cocos (Schw.) Wolf [P. cocos (Schw.) Wolf] 
(Baifuling) 20 g. The positive control drug Calcium Dobesilate (CaD) was purchased from Ningxia Kangya Pharma-
ceutical Co.

Establishment of a rat model of DR
After 1 week of acclimatization, the rats were randomly divided into blank control and model groups. The blank group 
was fed normal chow, and the model group was fed high-fat and high-sugar chow[19] (Boaigang-1135DM, Beijing Boai 
Port Biotechnology Co., Ltd., China). After 4 weeks, all the rats were fasted for 12 hours. The rats in the model group 
were intraperitoneally injected with 60 mg/kg streptozotocin (STZ, Boaigang-B2001, Beijing Boai Port Biotechnology Co. 
Ltd., China) to induce diabetes mellitus. Eight rats in the blank control group were intraperitoneally injected with the 
same volume of sodium citrate buffer. A model was established if the random fasting blood glucose level was higher than 
16.7 mmol/L after 72 hours[20]. After successful modeling, the model group rats were divided into model, BQKL, and 
CaD groups with eight rats in each group. For 12 weeks, rats in the BQKL[21] and CaD[22] groups received 800 and 104 
mg/kg/day medication, respectively, by gavage, and rats in the control and model groups received an equal amount of 
physiological saline. During the experiments, we paid full attention to and minimized the pain and discomfort of the 
experimental animals. To reduce the pain of experimental rats, we chose to euthanize rats by carbon dioxide as-
phyxiation.

Body weight and blood glucose measurement
The eyeballs, fur color, diet, water intake, urine output, body shape, mental status, and activity were observed and 
recorded weekly during the experimental period. Body weight and blood glucose were measured at the end of 1 week of 
acclimatization feeding at 0, 4, 8, 12, and 16 weeks for each group of rats, respectively.

Serum biochemical analyses and ELISA tests
Serum total cholesterol (TC) and triglyceride (TG) levels were measured using an automatic biochemical analyzer, and 
superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) activity and malondialdehyde (MDA) levels in the 
serum and retinal tissue were measured strictly according to the instructions of the ELISA kit.

Hematoxylin-eosin staining
The retinal tissues fixed with 4% paraformaldehyde were wax-embedded. The wax blocks were cut into 5 μm tissue 
sections using a rotatory microtome, routinely deparaffinized, and stained[23]. Four randomly selected sections from 
each group were observed under a light microscope and representative images were selected for analysis and recording. 
Retinal thickness and ganglion cell number were calculated using Adobe Photoshop 22.5.1 and ImageJ 1.53e.

http://www.interactivenn.net/index2.html
http://www.interactivenn.net/index2.html
http://www.interactivenn.net/index2.html
http://www.interactivenn.net/index2.html
https://cn.string-db.org/
https://cn.string-db.org/
https://david.ncifcrf.gov/tools.jsp
https://david.ncifcrf.gov/tools.jsp
https://david.ncifcrf.gov/tools.jsp
https://david.ncifcrf.gov/tools.jsp
https://www.bioinformatics.com.cn
https://www.bioinformatics.com.cn
https://www.bioinformatics.com.cn
https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
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Table 1 Primer information

Gene Sequence Product length (bp)

F:5’-GGCTCCGACTATACCACTATCCAC-3’TP53

R:5'GTCCCGTCCCAGAAGATTCCC-3'

129

F:5’AACTTCTCAGTGGCACAATGTCAG-3’AKT1

R:5’CAGCGGATGATGAAGGTGTTGG-3’

71

F:5'TCTACGACGATGCCCTCAACG-3'c-Jun

R:5’GGTTCAAGGTCATGCTCTGCTTC-3’

99

F:5’CGGTATTGAGACAGACAGTGGAAC-3’Caspase-3

R:5’GCGGTAGAGTAAGCATACAGGAAG-3’

90

F:5'CTTCCAACCTCCTGCTGAACAC-3'MAPK1

R:5’GCGTGGCTACATACTCTGTCAAG-3’

117

F:5’CGCATCACAGTAGAGGAAGCAC-3’MAPK3

R:5’CACTGGTTCATCTGTCGGATCATAG-3’

72

F:5’-CAAGTTCAACGGCACAGTCAAGG-3’GAPDH

R:5’-ACATACTCAGCACCAGCATCACC-3’

123

Immunohistochemistry
The sections were dewaxed for aqueous and antigenic repair, incubated overnight with primary antibodies, and then 
with secondary antibodies for 2 hours at room temperature for DAB color development (all primary antibodies were 
diluted 1:100). After color development, the sections were re-stained with hematoxylin and sealed with neutral gum. Four 
sections were randomly selected from each group, and at least four 200 × fields of view were randomly selected from 
each section for photography. Image Pro Plus software (version 6.0) was used to calculate the integrated optical density 
and area of positive results in each field of view, and the integrated optical density/area was used as the semi-
quantitative result of the assay[24].

Antibodies: MAPK3 Antibody (AF0562, Affinity, United States), c-Jun antibody (AF6090, Affinity, United States), 
Caspase-3 Antibody (AF6311, Affinity, United States), and ERK2 Antibody (DF6032, Affinity, United States).

Real-time quantitative reverse transcription-PCR
Total RNA from the retinal tissue was extracted according to the instructions of the TRIzol kit and reverse transcribed to 
cDNA according to the manufacturer’s instructions. Fluorescent quantitative primers were designed according to the 
CDS sequences of the resulting sequences and subjected to real-time fluorescent quantitative PCR. The Cycle Threshold 
(Ct) values were calculated using the 2-ΔΔCt method[25]. The primers were synthesized by Sangon Biotech Co. (Shanghai, 
China) (Table 1).

Western blotting
The retinal tissue was lysed and homogenized, and the supernatant was centrifuged for 10 minutes. A BCA kit was used 
to determine the protein content. Samples were separated by SDS-PAGE gel electrophoresis and transferred to a closed 
membrane for 2 hours. The primary antibody was added and incubated overnight. The membrane was washed thrice and 
incubated with the corresponding secondary antibody for 2 hours[26]. The color was developed by adding a luminescent 
solution and analyzing the relative expression levels of proteins using ImageJ 1.53e.

Antibodies: MAPK3 Antibody (AF0562, Affinity, United States); AKT1 Antibody (AF0836, Affinity, United States); c-
Jun Antibody (AF6090, Affinity, United States); Caspase-3 Antibody (AF6311, Affinity, United States); ERK2 Antibody 
(DF6032, Affinity, United States); TP53 Antibody (DF7238, Affinity, United States); β-actin (AF7018, Affinity, United 
States); Goat anti-rabbit (S0001, Affinity, United States).

Statistical analysis
Data were statistically analyzed using GraphPad Prism 9.5.0 and expressed as mean ± SD. Comparisons between groups 
were made using one-way analysis of variance (ANOVA); the SNK-q test was used to test the homogeneity of variance, 
and the independent samples t-test was used to test the heterogeneity of variance. P < 0.05 was considered statistically 
significant[27].
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RESULTS
Screening of BQKL active ingredients
A total of 11, 2, 45, 9, 13, 15, and 20 chemical constituents of C. chinensis Lam., R. glutinosa Libosch., L. barbarum L., P. 
asiatica L., L. chinense Mill., P. cocos (Schw.) Wolf, and C. morifolium Ramat., respectively, were collected after screening the 
literature and consulting databases (Figure 2A). The removal of duplicates revealed 97 main active components of BQKL. 
After combining and eliminating the duplicate target genes linked to the acquired BQKL compounds, 251 drug targets 
were identified. Cytoscape 3.9.0 software was used to construct the " BQKL-Active Ingredients-Targets of Action" 
network (Figure 2B).

BQKL active ingredient screening for the treatment of DR-related targets
By searching the above disease databases, 5451 relevant targets were obtained after merging and de-emphasizing. The 
BQKL target genes intersected with the DR target, and 170 intersecting genes were obtained (Figure 2C).

PPI network analysis of the core targets of BQKL therapy for DR
The results of the STRING database analysis were further analyzed and visualized using Cytoscape 3.9.0 to establish a 
PPI network. The figure shows that TP53, AKT1, Jun, Caspase-3, MAPK3, and MAPK1 were closely related to other 
targets (Figure 2D).

GO analysis and KEGG enrichment of core targets for DR treatment with BQKL
GO and KEGG enrichment analyses of 170 BQKL targets for DR treatment revealed that these targets were mainly 
enriched various entries closely related to the biological processes of cell growth, proliferation, and apoptosis, such as 
apoptotic process, positive regulation of cell proliferation, negative regulation of the apoptotic process, and inflammatory 
response (Figure 3A); The KEGG pathway analysis results show that BQKL acts on 170 possible targets of DR, involving 
176 related pathways; these targets are mainly enriched in Metabolic pathways, PI3K Akt signaling pathway, AGE-RAGE 
signaling pathway in diabetic composites, MAPK signaling pathway, and other pathways (Figure 3B). As the core targets 
were mainly enriched in the MAPK signaling pathway, we considered the MAPK signaling pathway as the core pathway 
for DR treatment using BQKL and mapped the target genes in the MAPK signaling pathway (Figure 3C).

Molecular docking
Low free energy of the binding of molecules and targets implies stable binding between the ligand and receptor proteins. 
The results showed that the binding energies of the BQKL chemical components to the key targets were all less than -5.0 
kcal/mol, indicating that the five components of BQKL have strong binding to core targets (Table 2). The docking 
schematic is shown (Figure 4).

Effects of BQKL on general state, body mass, and blood glucose in DR rats
The control group rats exhibited a good mental state, responsive behavior, soft hair, normal diet and water intake, urine 
and fecal output, and dry bedding throughout the experimental process. The model group rats displayed lethargy, 
disheveled and yellowish hair, and were prone to depilation. They also showed significantly increased diet and water 
intake, urine output, and moist bedding material. The treatment group rats showed some improvement compared with 
the model group rats.

Before modeling, the rats showed no significant differences in body weight or blood glucose levels (P > 0.05). After 
modeling, the body weights of the control group rats increased steadily. In contrast, the body weights of the model group 
rats increased insignificantly and then decreased to different degrees over time. Meanwhile, the fasting blood glucose 
levels of the model group rats were elevated. At weeks 8, 12, and 16, fasting blood glucose was still significantly elevated 
compared with that of the control group rats, and the body weight of the BQKL and CaD group rats increased 
significantly (P < 0.05 or P < 0.001, respectively). Fasting blood glucose levels decreased significantly (P < 0.001; Table 3 
and Figure 5).

Effect of BQKL on lipid levels in rats
The relevant lipid metabolism indices were altered in the diseased rats treated with BQKL or CaD, with significant 
decreases in TC and TG levels compared to that in the model group rats (P < 0.05 or P < 0.001; Table 4 and Figure 6A).

Serum and retinal SOD, MDA, and GSH-Px expression levels in rats of each group
Compared with the control group rats, diabetic rats had significantly higher MDA levels and lower SOD and GSH-Px 
activities in serum and retinal tissues (P < 0.001); compared with the model group rats, diabetic rats treated with BQKL or 
CaD had significantly lower MDA levels and increased SOD and GSH-Px activities in the serum and tissues of diseased 
rats (P < 0.01). Thus, BQKL can alleviate oxidative damage in the retina and serum of diabetic rats to a certain extent, i.e., 
it has an ameliorating effect on the degree of oxidative stress in diabetic rats (Table 5, Figure 6B and C).

Histopathological and morphological changes in the rat retina
In the control group, the structure of each retinal layer was clear and intact, and the cells in each layer were tightly 
arranged with a normal morphology. The model group rats had fewer ganglion cells (P < 0.001), loose cells in all layers, 
an unorganized arrangement, and vacuolar changes in the ganglion cell layer than the control group rats. Compared to 
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Table 2 Molecular docking binding energy

Binding energy (kcal/mol)
Molecule Name

TP53 AKT1 Jun Caspase-3 MAPK3 MAPK1

Quercetin -7.3 -6.4 -7.9 -7.9 -7.3 -6.4

Kaempferol -7.1 -6.3 -7.9 -8.1 -7.1 -6.3

Beta-sitosterol -7.6 -6.1 -7.3 -8.7 -7.6 -6.1

Luteolin -7.2 -6.5 -8.6 -8.2 -7.2 -6.5

Stigmasterol -7 -6.9 -7.6 -7 -7 -6.9

Table 3 Body weight and blood sugar change at different time points (n > 3)

Body weight (g) Blood glucose (mmol/L)
Time (week)

Control Model BQKL CaD Control Model BQKL CaD

0 267.00 ± 4.58 277.67 ± 11.68 273.00 ± 24.25 290.67 ± 14.98 7.50 ± 0.66 7.00 ± 0.70 7.77 ± 1.74 7.60 ± 1.08

4 457.00 ± 10.58 312.00 ± 6.08 346.33 ± 5.51 324.00 ± 25.71 7.17 ± 0.45 32.13 ± 0.21 31.60 ± 0.53 31.33 ± 0.15

8 493.67 ± 9.50 323.00 ± 17.35 376.33 ± 11.06 403.00 ± 4.68 8.20 ± 0.36 32.10 ± 0.26 30.90 ± 0.61 30.47 ± 0.38

12 556.00 ± 18.36 295.67 ± 12.01 413.00 ± 16.37 432.67 ± 14.19 8.50 ± 0.26 31.67 ± 0.55 29.50 ± 1.08 27.73 ± 0.76

16 597.00 ± 18.25 260.33 ± 14.84 443.67 ± 24.58 464.00 ± 10.15 7.00 ± 0.26 30.70 ± 0.90 28.23 ± 0.61 25.47 ± 0.74

BQKL: Buqing granule; CaD: Calcium dobesilate.

Table 4 Effect of Buqing granule on blood lipids in rats (n > 3)

Groups TC (mmol/L) TG (mmol/L)

Control 1.76 ± 0.07 1.17 ± 0.05

Model 3.01 ± 0.09 3.17 ± 0.14

BQKL 2.69 ± 0.07 2.74 ± 0.06

CaD 2.50 ± 0.05 1.30 ± 0.06

BQKL: Buqing granule; CaD: Calcium dobesilate; TC: Total cholesterol; TG: Triglyceride.

Table 5 Effect of Buqing granule on oxidative stress in rat retinal tissue and serum (n > 3)

Retinal tissue Blood serum
Groups

SOD (U/mgprot) MDA (nmol/mgprot) GSH-Px (U) SOD (U/mgprot) MDA (nmol/mgprot) GSH-Px (U)

Control 467.77 ± 7.50 1.56 ± 0.08 71.15 ± 1.11 547.83 ± 9.27 8.43 ± 0.42 319.44 ± 3.38

Model 95.25 ± 1.41 22.94 ± 2.11 23.55 ± 1.06 347.22 ± 25.72 45.43 ± 0.99 73.80 ± 0.98

BQKL 202.33 ± 1.89 7.69 ± 0.45 54.37 ± 0.67 515.25 ± 11.60 15.41 ± 0.65 179.72 ± 2.58

CaD 228.47 ± 2.19 5.16 ± 0.70 65.88 ± 0.44 530.68 ± 3.93 15.56 ± 0.28 243.94 ± 1.95

BQKL: Buqing granule; CaD: Calcium dobesilate; SOD: Superoxide dismutase; MDA: Malondialdehyde; GSH-Px: Glutathione peroxidase.

those in the model group rats, the retinal thickness increased, the structure of each layer was neatly arranged, the 
hierarchy was clear, and the number of ganglion cells increased in the BQKL and CaD group rats (P < 0.05 or P < 0.01; 
Figure 7).
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Figure 2 Prediction of diabetic retinopathy components and targets of action of Buqing granule therapy. A: Main ingredients of Buqing granule (BQKL); B: BQKL-active ingredients-targets of action diagram (The rhombus, square 
hexagon, and square represent the herbal medicine, active ingredient, and target site, respectively); C: Venn diagram of BQKL and diabetic retinopathy (DR) intersection targets; D: Protein-ptrotein interaction network map and screened core BQKL 
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targets for DR treatment (The darker the color, the larger the icon, the higher the degree value). TSZ: Tusizi; GQZ: Gouqizi; DGP: Digupi; CQZ: Cheqianzi; GJH: Ganjuhua; SDH: Shudihuang; BFL: Baifuling; DR: Diabetic retinopathy; BQKL: Buqing 
granule.

Immunohistochemical staining of Caspase-3, c-Jun, MAPK1, and MAPK3 in the retinal tissues of rats in each group
The model group rats exhibited significantly higher Caspase-3 and c-Jun expression, and substantially lower MAPK1 and 
MAPK3 expression, in the retinal tissues than the control group rats (P < 0.001). However, both the BQKL and CaD group 
rats showed decreased Caspase-3 and c-Jun expression (P < 0.001), along with elevated MAPK1 and MAPK3 expression (
P < 0.05 or P < 0.01), in the retinal tissues than the model group rats (Figure 8).

Caspase-3, AKT1, c-Jun, TP53, MAPK1, and MAPK3 mRNA expression levels in the retina of rats in each group
Caspase-3, c-Jun, and TP53 mRNA levels in the model group rat retinal tissues were significantly elevated (P < 0.01), while 
AKT1, MAPK1, and MAPK3 mRNA levels were significantly decreased (P < 0.05), than those in the control group rat 
retinal tissues. The Caspase-3, c-Jun, and TP53 mRNA expressions in the BQKL and CaD group rat retinal tissues were 
substantially lower than the model group (P < 0.01 or P < 0.001), whereas AKT1, MAPK1, and MAPK3 mRNA expression 
were significantly higher (P < 0.05; Figure 9A).

Caspase-3, AKT1, c-Jun, TP53, MAPK1, and MAPK3 protein expression levels in the retina of rats in each group
Caspase-3, c-Jun, and TP53 protein levels in the model group rats were significantly higher (P < 0.05), while AKT1, 
MAPK1, and MAPK3 levels were significantly lower (P < 0.05), than those in the control group rats. However, Caspase-3, 
c-Jun, and TP53 expression levels in the BQKL and CaD group rat retinal tissues were significantly lower (P < 0.05), while 
AKT1, MAPK1, and MAPK3 expression levels were significantly higher (P < 0.05), than those in the control group rats 
(Figure 9B).

DISCUSSION
With the continuous development of Chinese medicine in recent years, the advantages of traditional Chinese medicine in 
DR treatment have become increasingly prominent. Several studies have shown that TCM formulas can effectively act 
together in DR through multiple mechanisms to improve clinical symptoms[28]. This study was primarily based on a 
network pharmacology approach to explore the potential targets and mechanisms of action of BQKL in DR treatment and 
experimental validation.

Prolonged hyperglycemia increases protein kinase C, glycated hemoglobin, and polyol metabolite levels, which affect 
the physiological function of the retina and trigger oxidative stress injury and inflammatory responses. Retinal damage in 
diabetic rats can be attenuated by its antioxidant and anti-inflammatory properties. In this study, network pharmacology 
showed that BQKL exerts its anti-DR effects mainly through active compounds such as quercetin, kaempferol, β-
sitosterol, lignanserin, and stigmasterol. Quercetin, lignans, and kaempferol belong to the flavonoid family and possess 
antioxidant, anti-inflammatory, and antitumor properties. Quercetin can improve endothelial function in diabetic rats by 
inhibiting endoplasmic reticulum stress-mediated oxidative stress[29]; Kahksha et al[30] confirmed the antioxidant, anti-
diabetic, and anti-inflammatory effects of lignans by showing that the oral administration of lignans could reverse the 
state of oxidative stress and inflammation in STZ-induced diabetic rats; Alshehri[31] found that kaempferol was rich in 
targets and could alleviate oxidative stress and inflammation by improving fasting blood glucose and insulin levels in 
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Figure 3 Gene ontology and the Kyoto encyclopedia of genes and genomes enrichment analyses. A: Gene ontology enrichment analysis; B: 
Kyoto encyclopedia of genes and genomes enrichment analysis; C: Core genes enriched in the MAPK signaling pathway.

Figure 4 Molecular docking.

diabetic nephropathy rats. Beta-sitosterol and soya sterol are phytosterols, which are not only the primary nutrients of 
Chinese herbs, but also play a role in lowering lipids by replacing low-density lipoprotein cholesterol in the intestine and 
interfering with cholesterol absorption because their structure is similar to cholesterol[32]. Babu and Jayaraman[33] found 
that β-sitosterol could attenuate insulin resistance and mitigate high-fat diet-induced adipose tissue injury by down-
regulating the IKKβ/NF-κB and JNK signaling pathways. Wang et al[34] found that the possible glucose-lowering 
mechanism of leguminous stanols is to reduce insulin resistance by enhancing GLUT4 expression and thus regulating the 
body metabolism. Thus, BQKL is mainly treats DR through flavonoids and phytosterols.
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Figure 5 Changes in body weight and blood sugar at different time points. A: Body weight at different time points; B: Blood glucose at different time 
points. The sequence from left to right represents the control group, the model group, the BQKL group and the CaD group. aP < 0.05, bP < 0.01, cP < 0.001. BQKL: 
Buqing granule; CaD: Calcium dobesilate.

With the adoption of databases for various diseases, 5451 drug-related targets were obtained after merging and de-
emphasizing. Through the construction of a PPI network, 170 potential therapeutic targets closely associated with the 
treatment of DR with BQKL were identified. The key core targets included TP53, AKT1, Jun, Caspase-3, MAPK3, and 
MAPK1. A relevant study discovered that excess reactive oxygen species (ROS) production under hyperglycemic 
conditions can trigger inflammatory responses, mitochondrial dysfunction, and apoptosis, thereby influencing DR onset 
and progression[35]. Large quantities of p53, an apoptosis-inducing nuclear phosphoprotein, accumulate in the retinal 
capillaries of diabetic rats. High glucose stimulates p53 accumulation, directly promotes ROS accumulation, and 
ultimately participates in apoptosis[36]. AKT1 regulates cell proliferation, metabolism, the cell cycle, apoptosis, and 
inflammatory cell infiltration. A STZ-induced DR mouse model demonstrated that retinal AKT signaling may play a role 
in maintaining retinal homeostasis. Increased retinal Akt1 activity reduces diabetes-induced molecular changes in the 
retina[37]. Caspases and Bcl-2 family proteins are the main proteins that regulate apoptosis. When the cells enter the 
apoptosis program, the expression of the apoptosis-inhibiting protein Bcl-2 and pro-apoptotic protein Bax significantly 
decreases and increases, respectively, which further amplifies apoptotic signals and stimulates downstream Caspase-3 
activation. Once apoptotic signals activate Caspase-3, apoptosis enters an irreversible state. Wu et al[38] found, through in 
vitro and in vivo experiments, that chrysin significantly decreased the expression of the apoptotic proteins Caspase-3, 
Caspase-9, and Bax, while increasing the expression of the anti-apoptotic protein Bcl-2 in hyperoside endothelial cells of 
diabetic rats, thus exerting a protective effect on DR by decreasing oxidative damage and lowering cell damage and 
apoptosis. Studies have shown[39] that oxidative stress activates the JNK/c-Jun signaling pathway, which is involved in 
diabetes mellitus development. JNK pathway activation can inhibit insulin secretion while enhancing insulin resistance, 
resulting in sustained high levels of glucose in the body with consequent enhancement of oxidative stress. Moreover, 
increased EDEM1 expression blocks the IRE1/JNK/c-Jun signaling pathway, thus elevating insulin mRNA levels. This 
improvement in insulin secretion normalizes the blood sugar and glucose tolerance levels in diabetic rats. MAPK family 
kinases are important intracellular signal transduction molecules that affect vascular endothelial cell proliferation, differ-
entiation, and migration by phosphorylating downstream inflammation-associated target genes and regulating biological 
processes, such as transcription and translation. MAPK1 and MAPK3 inhibition may cause VEGFA-mediated anti-
angiogenic effects[40]. Thus, BQKL is a multi-component, multi-target play that delays DR onset and progression.

Functional enrichment analysis further clarified how BQKL acts through critical targets. GO enrichment analysis 
revealed that the target genes for DR treatment with BQKL were involved in biological processes such as apoptosis and 
the inflammatory response, which further suggests that BQKL may ameliorate DR through multiple mechanisms. KEGG 
enrichment analysis showed that BQKL affects various signaling pathways to intervene in DR, among which the MAPK 
signaling pathway was the most enriched pathway for the core target. Therefore, we inferred that the MAPK signaling 
pathway is a critical pathway for BQKL to treat DR. The MAPK signaling pathway is regulated by extracellular signal-
associated kinases such as ERK and Jun to regulate MAPK, which is involved in various cellular functions, including cell 
proliferation, differentiation, and migration. According to recent studies, the MAPK signaling pathway plays an essential 
role in the pathogenesis of diabetic complications. Kuang et al[41] found that Qidandihuang decoction improves renal 
fibrosis in diabetic nephropathy by inhibiting the inflammatory response in diabetic rats via the p38MAPK signaling 
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Figure 6 Serum biochemical analyses and ELISA tests. A: Effect of Buqing granule (BQKL) on total cholesterol and triglyceride levels in the serum of 
diabetic retinopathy (DR) rats; B: Effect of BQKL on superoxide dismutase, malondialdehyde, and glutathione peroxidase contents in the retina of DR rats; C: Effect of 
BQKL on oxidative stress in rat serum. The sequence from left to right represents the control group, the model group, the BQKL group and the Calcium dobesilate 
group. aP < 0.05, cP < 0.001. BQKL: Buqing granule; CaD: Calcium dobesilate.

pathway. Chronic poor glycemic control in patients with diabetes can easily change ocular surface cells, tear composition, 
osmolarity, and mucin, thus causing diabetic eye diseases, such as dry eye. Chu et al[42] found that the MAPK signaling 
pathway plays a vital role in the pathogenesis of dry eye and the various triggering factors of dry eye increased growth 
factor levels in the tear fluid and ocular surface tissues, activating the MAPK signaling pathway, which can further 
increase the levels of inflammatory factors and specific growth factors, thus forming a vicious circle. Blocking MAPK 
activation at the level of inflammatory factors can improve dry eye symptoms and signs. Wang et al[43] found that the 
expression of pro-inflammatory cytokines was upregulated, MDA content was increased, and SOD and GSH-Px activities 
were decreased in the retinal tissues in DR rats through a constructed DR rat model, whereas MAPK/NF-κB signaling 
pathway inhibition ameliorated inflammatory responses and oxidative stress-induced injury, thereby reducing retinal cell 
apoptosis. Therefore, a protective role of the retina that modulates the MAPK pathway may be an entry point for DR 
treatment.

In this experiment, the body mass of the model group rat first increased and then decreased, indicating that the model 
group rats had already entered the late stage of diabetes weight loss in the late stage of the experiment. In contrast, BQKL 
group rats did not show any symptoms of weight loss, indicating that BQKL could slow the disease process in rats. In 
addition, fasting blood glucose and blood lipids decreased in rats after BQKL intervention, and the effect of lowering 
blood glucose and blood lipids was noticeable, indicating an excellent therapeutic effect on diabetes. If the underlying 
diseases of diabetes can be better controlled, the occurrence of its complication, retinopathy, can also be controlled. 
Hematoxylin-eosin staining of the retinal tissues of the rats in each group revealed that the retinal thickness of diabetic 
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Figure 7 Effects of Buqing granule on retinal morphology in diabetic retinopathy rats. A: Hematoxylin & eosin staining of the retina of rats in each 
group (400 ×); B: Retinal ganglion cell count in each group; C: Comparison of retinal thickness in each group. The sequence from left to right represents the control 
group, the model group, the Buqing granule group and the Calcium dobesilate group. aP < 0.05, bP < 0.01, cP < 0.001. BQKL: Buqing granule; CaD: Calcium 
dobesilate. GCL: Ganglion cell layer; IPL: Inner plexiform layer; INL: Inner nuclear layer; OPL: Outer plexiform layer; ONL: Outer nuclear layer.

rats was reduced, the cells in each layer were loose and disorganized, and the number of ganglion cells was reduced, 
which improved after BQKL administration. This observation suggests that BQKL partially alleviates retinal pathological 
changes in diabetic rats.

MDA is a toxic substance produced by the reaction between ROS and lipids and is a significant marker of oxidative 
stress; SOD and GSH-Px, as essential members of the endogenous antioxidant system, can scavenge various free radicals, 
including ROS, and maintain the balance between oxidation and antioxidant activity in the organism. Therefore, the 
MDA content and SOD and GSH-Px activities reflect the oxidative stress degree. This study showed that MDA content 
significantly increased in the serum and retinal tissues of model group rats. SOD and GSH-Px activities significantly 
decreased, indicating that the model rats had symptoms of oxidative stress. In contrast, the BQKL group rats showed an 
inhibited oxidative stress response compared to the model group rats, which indicated that BQKL could improve DR by 
decreasing the oxidative stress level. In addition, the results of this study showed that the expression of MAPK pathway-
related proteins Caspase-3, c-Jun, and TP53 was significantly elevated, while that of AKT1, MAPK1, and MAPK3 proteins 
were considerably reduced in the model group rats. The elevation of the Caspase-3, c-Jun, and TP53 protein expression 
was ameliorated and AKT1, MAPK1, and MAPK3 expression improved in the BQKL group rats than that in the model 
group rats.

CONCLUSION
In summary, BQKL protects against diabetic retinal damage by regulating the expression of relevant proteins in the 
MAPK signaling pathway, thereby inhibiting oxidative stress and inflammatory responses (Figure 10). However, this 
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Figure 8 Immunohistochemical results of retinal tissue from different rat models. A: Immunohistochemical detection of Caspase-3; B: 
Immunohistochemical detection of c-Jun; C: Immunohistochemical detection of MAPK1; D: Immunohistochemical detection of MAPK3 positive expression (200 ×). 
The sequence from left to right represents the control group, the model group, the Buqing granule group and the calcium dobesilate group. aP < 0.05, bP < 0.01, cP < 



Yang YF et al. BQKL for DR

WJD https://www.wjgnet.com 1958 September 15, 2024 Volume 15 Issue 9

0.001. BQKL: Buqing granule; CaD: Calcium dobesilate.

Figure 9 A molecular biological perspective on the role of Buqing granule in the diabetic retinopathy treatment. A: Caspase-3, AKT1, c-Jun, 
TP53, MAPK1, and MAPK3 mRNA expression levels determined by real-time quantitative reverse transcription-PCR; B: Protein expression levels determined by 
western blotting. The sequence from left to right represents the control group, the model group, the Buqing granule group and the calcium dobesilate group. aP < 
0.05, bP < 0.01, cP < 0.001. BQKL: Buqing granule; CaD: Calcium dobesilate.
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Figure 10  Graphical abstract.

study is only a preliminary investigation of the mechanism of action of BQKL in DR based on network pharmacology and 
animal experiments, and further experimental validation is required. To effectively investigate the overall gene 
expression regulation pattern in organisms and explore its connection with disease occurrence and development, we will 
further analyze the complex genome comprehensively through proteomic metabolomics with high-throughput analysis 
technology and molecular interactions to provide new avenues for DR diagnosis and treatment.
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