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Purpose: To evaluate the effects of Shuangdan Mingmu (SDMM) capsule on diabetic retinopathy in rats by regulating miRNAs.
Materials and Methods: Streptozotocin (STZ) (50 mg/kg) was successfully used to induce diabetes in male Sprague-Dawley rats, 
which were randomly assigned to a group taking SDMM capsules (“diabetic+SDMM”) or a control group (“diabetic”), and the normal 
group (n=10/group). The diabetic+SDMM capsule group received 1.89g/kg/d of SDMM capsule by gavage, whereas the other groups 
received the same amount of distilled water. After 12-weeks of gavage, the retina was removed from all rats for histopathological 
analysis, and miRNA sequencing experiments were carried out to identify the differential expression of miRNAs. These results were 
then confirmed by quantitative real-time polymerase chain reaction (qRT-PCR).
Results: SDMM capsules improved retinal morphology, restored the number of cells in the ganglion cell layer (p<0.0001) and 
reduced apoptosis in all retinal layers (p values in the outer nuclear layers, inner nuclear layers and ganglion cell layers 0.0001, 0.0147, 
0.0034, respectively). In addition, miRNA expression was changed in rats taking SDMM capsules. Compared with the diabetic group, 
six miRNAs were up-regulated and four miRNAs were down-regulated in the diabetic+SDMM capsule group. The qRT-PCR 
validation results showed that the expression levels of miR-450b-5p, miR-1249 and miR-155-5p were consistent with the trend of 
miRNA sequencing results, and were all up-regulated after SDMM capsule treatment. Target gene prediction and Kyoto Encyclopedia 
of Genes and Genomes (KEGG) analysis of differentially expressed miRNAs showed that these pathways were mainly concentrated in 
the focal adhesions and PI3K/Akt, MAPK, and neural factor signaling pathways.
Conclusion: SDMM capsules may prevent and treat diabetic retinopathy by regulating the expression of miR-450b-5p, miR-1249 and 
miR-155-5p.
Keywords: SDMM capsule, diabetic retinopathy, traditional Chinese medicine, miRNAs, bioinformatics analysis

Introduction
Diabetic retinopathy (DR) is one of the most common complications of diabetes mellitus and one of the predominant 
blinding eye diseases. The incidence of DR increases with the duration of diabetes, affecting over 50% of patients with 
a history of diabetes of more than 10 years.1,2 Retinopathy occurs in almost all patients with type 1 diabetes and in up to 
75% of patients with type 2 diabetes with disease duration of more than 15 years.3 DR poses a serious threat to human 
visual health and quality of life. The pathogenesis of DR is complex and involves multiple factors, such as inflammation, 
oxidative stress, epigenetics, and others. Despite the clinical emphasis on strict control of blood glucose, blood lipids, and 
blood pressure, many patients have progressive retinopathy. Research into the effective prevention and treatment of DR is 
therefore urgently needed.

Traditional Chinese medicine (TCM) has a long history and extensive role in the treatment of diabetes and its 
complications, and may provide an alternative treatment for prevention or delay of progression of DR. In addition to 
traditional Chinese medicine tonics, various forms of Chinese medicine, such as proprietary Chinese medicine (granules, 
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tablets, capsules, and liquids),4 Chinese herbal extracts,5 or combined Western and Chinese medicine therapies,6 have 
been widely used in clinical practice. SDMM capsule (SDFA approval number: Z20080062), a proprietary Chinese 
medicine for the treatment of DR, manufactured by Beijing Qihuang Pharmaceutical Co., Ltd., is produced from clinical 
practice experience and has undergone a clinical Phase IV trial. It has shown great potential in treating polyuria, 
polydipsia, polyphagia, irritability and other symptoms of diabetes. Extensive research has been conducted on the 
mechanism by which SDMM capsule may treat DR in its early stages and has found that it can lower blood glucose, 
improve retinal microvascular damage, protect islet function and reduce the effects of apoptosis in the retinal pericyte.7–9

MicroRNAs are a class of non-coding RNAs between 21 to 25 nucleotides in length that are involved in almost all 
physiological and pathological processes, such as cell growth, development, proliferation, differentiation and apoptosis.10 

Research has shown that miRNAs play key roles in the proliferation, migration and apoptosis of retinal cells,11 as well as 
critical regulatory functions in the developmental stages of DR, such as the regulation of inflammation, oxidative stress, 
neovascularization and other mechanisms.12–15 Traditional Chinese medicine can prevent and treat DR by regulating 
miRNA expression.16–18

Therefore, we evaluated the protective effect of SDMM capsules on the retinas of diabetic rats and explored the 
miRNA effects of SDMM capsules. Firstly, a diabetic rat model was established via a single intraperitoneal injection of 
STZ, and then the effects of SDMM capsules on retinopathy in diabetic rats were observed by hematoxylin-eosin (HE) 
staining, Periodic Acid-Schiff (PAS) staining, and the TdT-mediated dUTP nick end labeling (TUNEL) method. Finally, 
the pharmacological mechanism of action of SDMM capsules was revealed by miRNA sequencing, bioinformatics 
methods, and quantitative real-time polymerase chain reaction (qRT-PCR). The results suggest that SDMM capsules may 
regulate miRNAs to prevent DR. This study may provide a scientific basis for the clinical application of SDMM capsules 
and suggests avenues for further in-depth study on the molecular mechanism of DR.

Materials and Methods
Animals
Sprague-Dawley male rats (body weight 200 ± 25 g, 6 weeks old) were purchased from Hunan Slike Jingda Experimental 
Animal Co., Ltd. (Changsha, China, certificate number: SCXK (Xiang) 2019–0004). The rats were housed in a Specific 
Pathogen Free grade animal laboratory maintained at 24°C and 65% temperature and humidity and were provided with 
regular feed and tap water. The disposal of animals during the experiment was carried out in accordance with the 
Ministry of Science and Technology’s Guidelines for the Protection and Utilization of Laboratory Animals. The animal 
protocol was approved by the Institutional Animal Ethics Committee of Hunan University of Traditional Chinese 
Medicine, Changsha, China (approval number LL2021051901).

Model Induction and Treatment
Rats were allocated into three groups: the normal group, the diabetic group, and the diabetic+SDMM capsule group (n=10/ 
group). Rats in the diabetic group and diabetic+SDMM capsule group were injected with a single intraperitoneal injection of 
STZ at a dose of 50 mg/kg.19 Blood glucose levels (Mm) were measured 3d and 7d after dosing, and rats with blood glucose 
levels higher than 16.7 mmol/L were selected for subsequent experiments and randomly divided into a diabetic group and 
diabetic+SDMM capsule group. Rats in the normal group received an equal amount of citrate buffer. Dosage for rats20 = X mg/ 
kg*70kg*0.018/200g=6.3 X mg/kg (X: the daily dose for a normal person; 70: the standard body weight of an adult; 200g: the 
body weight of a rat; 0.018: the equivalent dose ratio between humans and rats based on body surface area conversion is 
0.018). The effective dose of SDMM capsules in humans is about 0.3 g/kg/d. Therefore, SDMM capsules were given to rats in 
the diabetic+SDMM group at a dose of 1.89 g/kg/d for 12 weeks, once daily. (We assessed the safety of the drug at this dose by 
evaluating tissue sections of vital organs. See Supplementary Figure 1) The SDMM capsules were dissolved in distilled water 
to make a suspension with a concentration of 189mg/mL, and the volume of the gavage was 1mL/100g. Equal volumes of 
distilled water were given to the normal and diabetic groups. After 12 weeks of treatment, the rats were euthanized by 
isoflurane inhalation overdose and the eyeballs were collected.
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Sample Preparation and Component Identification of SDMM Capsules
The SDMM capsules were manufactured and supplied by Beijing Qihuang Pharmaceutical Co., Ltd. (batch number: 
Z20080062). The capsules were composed of 11 medicinal ingredients, including Ligustrum lucidum, Eclipta, Panax 
notoginseng, Smilax china L, Achyranthes, Salvia, Dogwood, Chinese yam, Peony bark, Poria, and Alisma. HPLC 
chromatograms characteristic of SDMM capsules have been established and used for their quality control.21,22 One 
hundred and two chemical constituents were identified, including phenolic acids, flavonoids and their glycosides, 
terpenes, coumarins, lignans, and others. Thirty-six prototypal components of blood were detected, mainly derived 
from Eclipta and Dogwood. Three metabolites were also identified, namely the glucuronic acid conjugate of 
protocatechuic acid, the glycine conjugate of Danshensu, and the D-ring-opening metabolite of cryptotanshinone.

Hematoxylin and Eosin (HE) Staining
Once the eyes were removed, they were fixed with eye fixative, embedded in paraffin and sectioned (5μm thick). The 
sections were then subjected to HE staining and changes in retinal microstructure were observed under a light micro-
scope. The total retinal thickness from the retinal pigment epithelium (RPE) to the ganglion cell layer (GCL) was 
determined and the cell counts of the GCL was calculated. Images of the retina were captured using an optical 
microscope at 400x magnification. Measurements were made using Image-Pro Plus analysis software (Media 
Cybernetics, USA), with two measurements were taken for each section at the two reference lines, which were 1 mm 
away from the optic nerve on both the superior and inferior sides. Retina cell counts in GCL was measured at 400x 
magnification. All the cell nuclei within a fixed 25-mm column and centered with the 1-mm reference lines were counted. 
Results were taken from five slices per eye, with three retinas in each group.

Periodic Acid-Schiff (PAS) staining
After paraffin-embedding and sectioning, tissue was stained with PAS. The retinal microstructural changes were observed 
under a light microscope.

TdT-Mediated dUTP Nick End Labeling (TUNEL) Assay
Following the instructions of the TUNEL assay kit (cat. NO 40306ES50), the steps of sectioning, dewaxing, fluorescein 
labeling, incubation, color development, counterstaining, dehydration and transparency were completed, then the dried 
sections were observed under a fluorescence microscope to calculate the retinal Apoptotic Index (AI). The number of 
cells in the ganglion cell layer (GCL), inner nuclear layer (INL), and outer nuclear layer (ONL) were counted at 1000x 
magnification, and six randomly selected fields of view from each section were analyzed to determine the number of 
apoptosis-positive cells in the three layers.

RNA Extraction, Library Preparation and Deep Sequencing
Extraction of total RNA from rat retinal lesions was conducted using TRIzol Reagent (Invitrogen, cat. NO 15596026). 
DNA digestion was carried out after RNA extraction by using DNaseI (Invitrogen, cat. NO AM9784). The A260/A280 
was tested using a NanodropTM OneCspectrophotometer (Thermo Fisher Scientific Inc) to determine RNA quality. RNA 
Integrity was confirmed by 1.5% agarose gel electrophoresis. Verified RNAs were finally quantified by Qubit 3.0 with 
QubitTM RNA Broad Range Assay kit (Life Technologies, Q10210).

For miRNA library preparation, three microliters of total RNA were input to the KC-DigitalTM small RNA Library 
Prep Kit for Illumina® (Catalog NO. DR08602, Wuhan Seqhealth Co., Ltd., Wuhan, China) following the manufacturer’s 
instructions. The kit eliminates duplication bias in PCR and sequencing steps by using a unique molecular identifier 
(UMI) of eight random bases to label the pre-amplified small RNA molecules. The eluted cDNA library was separated on 
a 6% PAGE gel. Bands of approximately 160 bp were isolated, purified and quantified using Qubit 3.0 and finally 
sequenced on the Novaseq6000 sequencer (Illumina) using the PE150 model.
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MiRNA-Seq Data Analysis
To calculate miRNA expression levels, read lengths of sequences in each sample were compared with the existing 
miRNA database and predictions of new miRNAs, and were screened using CPM. Differences in expressed miRNAs 
between groups were identified using the Edger package (version: 3.12.1). The criteria p<0.05 and |Log2Fold-change|>1 
were used to determine statistical significance of miRNA expression differences. The target mRNA of the differentially 
expressed miRNA was predicted using miRanda v3.3a. Gene ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) enrichment analyses of targeted mRNA were implemented using KOBAS software (version: 2.1.1) 
with a corrected P-value criterion of 0.05 for statistically significant enrichment.

Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)
To verify the miRNA sequencing results, miRNA levels were detected using qRT-PCR. Total RNA was extracted using 
TRIzol (Cat. No. DP405-02). The yield of RNA was determined using a NanoDrop 2000 spectrophotometer (Thermo 
Scientific) and its integrity was assessed using 1% agarose gel electrophoresis. A PrimeScript™ RT reagent Kit with 
gDNA Eraser (Cat. No.: RR047B) was used for reverse transcription of cDNA, and the procedure was conducted 
according to the product instructions. qRT-PCR analysis was performed according to the instructions of the TB Green 
TM Ex Taq TM II Kit. U6 was used as an internal control for miRNA, and the primers are shown in Table 1.

Statistical Analysis
Statistical analysis was performed using SPSS version 23.0. Data are presented as mean ± standard error (SEM). The 
significance of differences between groups was determined using a one-way ANOVA, and p < 0.05 was considered 
statistically significant.

Results
SDMM Capsule Has Protective Effect on Retinal Structure of Diabetic Rats
As shown in Figure 1, HE staining showed that in the normal group, the retinal structure was clear, with closely arranged 
cells, structural integrity, and normal morphology, and with no tissue edema. In the diabetic group, the cells in each layer 
were loose, irregular, and structurally disturbed, with marked edema of the retinal tissue; the cells in the ganglion cell 
layer were disorganized and reduced in number (p=0.0049). PAS staining showed that in the normal group the retinal 
inner boundary membrane was intact with no capillary dilatation. In the diabetic group, the inner boundary membrane 
was swollen and thickened with an uneven surface. After treatment, the SDMM capsules effectively alleviated these 
abnormalities; the retinal tissue was slightly edematous, with intact cellular arrangement and clear structural layers. The 
number of cells in the GCL was increased in the diabetic+SDMM capsule group (p<0.0001).

SDMM Capsules Can Reduce Retinal Apoptosis
As shown in Figure 2, TUNEL fluorescence staining was used to detect the effect of the SDMM capsule on retinal cell 
apoptosis. The rate of apoptosis in the retinal layers of rats in the diabetic group was significantly higher than that in the 

Table 1 Primer Sequence

Gene Sequence (5’-3’)

miR-450b-5p Upstream primer TTTTGCGATGTGTTCCTAATA
miR-450b-5p Downstream primer GGCCAACCGCGAGAAGATG

miR-1249 Upstream primer CCCTTCCCCCCCTTCTTC

miR-1249 Downstream primer GGCCAACCGCGAGAAGATG
miR-155-5p Upstream primer TTAATGCTAATTGTGATAGGGGT

miR-155-5p Downstream primer GGCCAACCGCGAGAAGATG
U6 Upstream primer CTGCGCAAGGATGACACGCAAATT

U6 Downstream primer GGCCAACCGCGAGAAGATG
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normal group. (p-ONL<0.0001, p-INL=0.0089, p-GCL=0.0001). After treatment with SDMM capsules, retinal apoptosis 
was significantly decreased compared with the diabetic group (p-ONL=0.0001, p-INL=0.0147, p-GCL=0.0034). The above 
results suggest that SDMM capsules have a protective effect on retinal cells in diabetic rats.

Figure 1 Effects of Shuangdan Mingmu (SDMM)capsules on retinal structure in STZ-induced diabetic rats. (A) retinal HE-stained images; (B) retinal cell counts in GCL; (C) 
retinal thickness from RPE to GCL; (D) Images of retinal PAS staining. χ±s, n=3, **p<0.01, ****p<0.0001, scale bar 100um. 
Abbreviations: GCL, ganglion cell layer; IPL, internal plexiform layer; INL, inner nuclear layer; OPL, outer plexiform layer; ONL, outer nuclear layer; RPE, retinal pigment 
epithelium.
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Figure 2 Effects of Shuangdan Mingmu (SDMM) capsules on STZ-induced retinal apoptosis in diabetic rats. (A) Images of retinal TUNEL staining; (B-D) AI of INL, GCL and 
ONL, respectively, in each group. Positive signal is green fluorescence, blue is nuclear staining signal, AI = number of apoptotic cells/number of total cells×100%. χ±s, n=3, 
*p<0.05, **p<0.01, ***p=0.0001, ****p<0.0001, scale bar 100um. 
Abbreviations: GCL, ganglion cell layer; INL, inner nuclear layer; ONL, outer nuclear layer; RPE, retinal pigment epithelium; AI, Apoptotic Index.
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SDMM Capsules Altered miRNA Expression Levels
As shown in Figure 3, analysis of the sequencing results showed that two miRNAs were up-regulated and five were 
down-regulated in the normal group compared with the diabetic group, with miR-122-5p up-regulated and miR-205 
down-regulated. Six miRNAs were up-regulated and four miRNAs were down-regulated after SDMM capsule interven-
tion. The up-regulated miRNAs were miR-451-5p, miR-484, miR-450b-5p, miR-1249, miR-452-5p, miR-1247-5p, while 
miR-122-5p was down-regulated.

Bioinformatics Analysis of Differentially Expressed miRNAs Between SDMM Capsule 
Group and Model Group
As shown in Figure 4, bioinformatics analysis showed that the target gene functions in the diabetic+SDMM capsule 
group and the diabetic group were mainly divided into three aspects: biological process, cellular components, and 
molecular function.23 The main signaling pathways included the PI3K/Akt pathway, MAPK pathway, focal adhesions, 
and neural factor signaling pathways, which are involved in cell differentiation, proliferation, apoptosis, and 
angiogenesis.

Validation of miRNAs Sequencing Data Using qRT-PCR Technology
To verify the sequencing results, qRT-PCR was used to detect the expression of miR-450b-5p, miR-1249, and miR-155- 
5p. As shown in Figure 5, these three miRNAs were down-regulated in the diabetic group compared with the normal 
group, and SDMM capsules eliminated this effect.

Discussion
DR remains a major problem that threatens the vision of tens of millions of people around the world. Blood glucose is 
a key modifiable risk factor for the development of DR and its control can help delay the development of DM and related 
complications. For DR that has already occurred, treatment options include retinal laser photocoagulation, anti-Vascular 
Endothelial Growth Factor drug therapy, hormone therapy, and surgery. The scope of application and therapeutic effect of 
these methods are limited, and alleviating DR damage still requires adequate prevention and early diagnosis and 
treatment.

Several scholars have conducted extensive research on the mechanisms of herbal medicine in the treatment of DR. 
For example, Ma et al studied the effect and mechanism of Bushen Huoxue Recipe on the secretion of Vascular 
Endothelial Growth Factor(VEGF) and Pigment Epithelium Derived Factor (PEDF) by Müller cells under advanced 
glycation end products or hypoxia and concluded that Bushen Huoxue Recipe could alleviate the imbalance between 
VEGF and PEDF.24 Gao et al found that Danggui Buxue Decoction (Astragalus, Angelica, Panax notoginseng) reduced 
the levels of IL-1β, IL-6, TNF-α, NF-κB, MCP-1, ICAM-1, and VCAM-1 in the DR rat, and reversed the blood glucose- 
related inhibition of endothelial cell migration and proliferation.25 However, the mechanism of herbal medicine in the 
treatment of DR lack of systematic and standardized DR models and in-depth research on molecular study.

In this study, after establishing the experimental DR rat model, the ccrats were further randomly allocated into 
normal, diabetic and diabetic+SDMM capsule groups. We first assessed the retinal structure of rats and then performed 
a comparison between groups. The results showed that diabetic rats had reduced retinal thickness and GCL cell numbers 
and increased numbers of apoptotic cells, while SDMM capsules alleviated retinal edema, apoptosis, and other signs. The 
SDMM capsule is based on the ancient formula Erzhi Pill and Liuwei Dihuang Pill, combined with years of clinical 
experience and modern research results, into the formula “SDMM Capsule”. It is composed of 11 medicinal ingredients: 
Ligustrum lucidum, Eclipta, Panax notoginseng, Smilax china L, Achyranthes, Salvia, Dogwood, Chinese yam, Peony 
bark, Poria, and Alisma. Relevant studies have shown that Ligustrum lucidum has important therapeutic significance for 
diabetes and its complications, lowering blood glucose, antioxidants and inhibiting retinal neovascularisation.26–28 

Eclipta is a traditional herbal medicine that has long been used in the treatment of bleeding disorders, skin diseases, 
diabetes, and coronary heart disease. Its isolated extracts and compounds have hypoglycemic, anti-inflammatory, 
antihyperlipidemic and neuroprotective effects.29–31 Panax notoginseng is an important component of many clinical 
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Figure 3 MiRNA expression profiling was performed using miRNA sequencing. (A) Heatmap of differentially expressed miRNAs. (C is the normal group, M is the diabetic 
group, ZY is the diabetic+SDMM group). miRNA expression levels are depicted in red (up-regulated) and blue (down-regulated); (B and C) The logFC value of different 
miRNAs compared between the diabetic group and the normal group (B) and between the diabetic+SDMM group and the diabetic group (C).
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drugs, such as Compound Danshen Drops, Xueshuantong and Xuesaitong. Panax notoginseng extract Panax notoginseng 
saponins (PNS) are widely used in cardiovascular disease and have pharmacological effects such as anti-cancer, 
neuroprotection, anti-inflammatory, and prevention of diabetic complications,32,33 while the combination of Salvia and 
Panax notoginseng has significant antidiabetic efficacy.34 Salvia can improve endothelial function,35 resist oxidative 
stress,36 inhibit inflammation,37 and regulate lipid metabolism in the treatment of diabetic microangiopathy. Smilax china 
L., a dicotyledonous medicinal plant of the Liliaceae family, and its extract have anti-inflammatory, analgesic, and 
antioxidant effects.38 Studies have shown that anti-hyperglycemic properties are also found in Achyranthes, Dogwood, 
Chinese yam, Peony bark, Poria, and Alisma, and that SDMM capsules have a protective effect on retinal damage caused 
by diabetes.39–42

MiRNAs exist widely in various organisms as non-coding RNAs, and research has shown that miRNAs have multiple 
biological functions and complex mechanisms. As key upstream genes, miRNAs play an important role in promoting or 
inhibiting the occurrence and development of diabetic retinopathy.43,44 In this study, we used miRNA second-generation 
sequencing technology to obtain differential miRNA expression profiles in three different groups of rat retinal tissues. 
The results showed that compared with the normal group, two miRNAs were up-regulated and five miRNAs were down- 
regulated in the diabetic group. Six miRNAs were up-regulated and four miRNAs were down-regulated after SDMM 
capsule intervention, including miR-450b-5p, miR-1249, and miR-155-5p.

MiR-1249 may inhibit the angiogenesis of human umbilical vein endothelial cells by targeting VEGF-A,45 which is 
involved in endothelial cell proliferation and apoptosis. Furthermore, miR-1249-3p has attenuated insulin resistance and 

Figure 4 GO and KEGG analysis. Functional enrichment analysis (A and B) and KEGG analysis (C and D) of differentially expressed miRNA target genes between the 
diabetic group and the normal group, the diabetic group and the diabetic+SDMM capsule group.
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inflammation in a mouse model of type 2 diabetes,46 is involved in the development of diabetes and its complications,47–49 

and can be used as a biomarker for diabetes and a potential target for the treatment of diabetes. Numerous studies have 
shown that miR-155-5p plays an important role in the progression of diabetes.50,51 It regulates the proliferation and 
angiogenesis of HRMECs (human retinal endothelial cells) and simultaneously affects the protein level of VEGF-A in 
HRMECs. Our previous findings indicated that SDMM capsules inhibit angiogenesis by suppressing the expression of the 

Figure 5 qRT-PCR validation of miRNA expression changes. qRT-PCR detection of (A) the relative expression levels of miR-450b-5p, (B) miR-1249, (C) miR-155-5p, and 
(D) FC (Fold Change) values of 3 miRNAs in qRT-PCR and RNA sequencing, FC>1.5 indicates up-regulation (�x±s, n=4, **p<0.01, ***p=0.0001, ****p<0.0001).
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VEGF family, including VEGF-A.9 Therefore, we speculated that SDMM capsules may regulate retinal cell proliferation, 
apoptosis, and differentiation by regulating miR-1249 and miR-155-5p. At present, miR-450b-5p is mainly found in 
malignant tumors and ischemic diseases, such as hepatocellular carcinoma, transient cerebral ischemia, hepatic 
ischemia,52 and detailed reports are lacking in diabetes and DR. However, miR-450b-5p can inhibit the apoptosis of 
human lung microvascular endothelial cells (HPMECs) and reduce the inflammatory response.53 Our study found that the 
expressions of miR-450b-5p, miR-1249, and miR-155-5p were up-regulated in qRT-PCR and miRNA sequencing after 
SDMM capsule treatment compared to the diabetic group. This suggests that miR-450b-5p, miR-1249, and miR-155-5p 
may be targeted by the SDMM capsule to prevent DR.

The classification of genes involved in the same function or pathway using GO and KEGG analysis is of great 
significance for studying the mechanism by which the SDMM capsule regulates DR pathogenesis and progression. 
Analysis of the KEGG pathway in this study showed that the main signaling pathways included the PI3K/Akt pathway, 
MAPK pathway, focal adhesions, and neural factor signaling pathways. PI3K/Akt is one of the important regulatory 
mechanisms for maintaining normal physiological function, and is involved in biological processes such as metabolism, 
inflammatory responses, cell proliferation, apoptosis and others. Numerous studies have found that the PI3K/Akt 
signaling pathway plays a role in the occurrence and development of DR by regulating retinal neovascularization, 
insulin resistance, oxidative stress, retinal nerve damage, and inflammatory responses.54–57 MAPKs are Ser/Thr protein 
kinases that convert extracellular stimuli into diverse cellular responses and are involved in a variety of physiological 
processes, including gene expression, cell proliferation, differentiation, death, and survival.58,59 MAPK family members 
are regulated by a series of phosphorylation and are activated only in response to extracellular stimulation.60 Classical 
MAPKs include ERK1/2, JNK1/2/3, p38 isoforms, and ERK5, and atypical MAPKs include ERK3/4, ERK7, and NLK.58 

Studies have shown that STZ-induced increased expression of ICAM-1, VEGF, inflammatory factors, and phosphoryla-
tion of p38 MAPK in the retina of DM rats have led to increased retinal cell death and vascular permeability.61 Based on 
the results of KEGG enrichment analysis of differentially expressed miRNA target genes after SDMM capsule inter-
vention, we speculate that SDMM capsules may play a role in the prevention and treatment of DR by modulating PI3K/ 
Akt and MAPK signaling pathways through the regulation of differentially expressed miRNAs.

In this study, we identified several differentially expressed miRNAs that may be associated with DR progression, 
suggesting a potential treatment effect of SDMM capsules and related signaling pathways involved in regulation. The 
limitations of this study are the single approach to assess the improvement of DR by SDMM capsules, the selection of 
only three miRNAs for validation, and the use of only Sprague Dawley rats. In future studies, more miRNAs could be 
investigated, the study design could be extended to the DR population, and the mechanism could be validated in more in- 
depth in vitro experiments.

Conclusion
MiR-450b-5p, miR-1249, and miR-155-5p may be potential biomarkers for DR. SDMM capsules may effectively treat 
DR by regulating differentially expressed miRNAs to inhibit or activate the expression of target genes or their related 
signaling pathways, providing a basis for the application of SDMM capsules and new insights into the mechanism and 
prevention of DR. However, further studies are still needed to explore miRNA targets.
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