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Aucubin protects against retinal ganglion cell injury  
in diabetic rats via inhibition of the p38MAPK pathway
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Abstract: Objective: To explore the role of aucubin in regard to injured retinal ganglion cells (RGCs) in diabetic rats 
and its mechanism. Methods: A rat model of diabetes mellitus was created by single intraperitoneal injection of 55 
mg/kg of streptozotocin. Rats were treated with intraperitoneal injection of 1, 5, and 10 mg/kg aucubin or 5 μg/
kg p38MAPK inhibitor SB203580, once a day, for 28 consecutive days. Body weight, blood glucose, morphological 
changes, count and apoptosis of RGCs, p38MAPK signaling pathway, apoptosis-related proteins, oxidative stress in-
dices, and inflammatory factors were observed and compared among the groups. Results: Aucubin and SB203580 
reduced the abnormality of the photoreceptor layer, bipolar cell layer and RGCs. Aucubin significantly reduced body 
weight, fasting blood glucose, RGC apoptosis rate, p38MAPK protein phosphorylation level, protein expression of 
Caspase 3 and Bax, vascular endothelial growth factors (interleukin-1β, intercellular adhesion molecule-1 and tu-
mor necrosis factor-α) and malondialdehyde levels, and increased RGC count and protein expression of Bcl-2 and 
Bcl-2/Bax (P < 0.05). Conclusion: Aucubin can protect RGCs in diabetic rats, inhibit RGC apoptosis, and reduce 
oxidative stress and inflammatory response, and 10 mg/kg aucubin showed optimal efficacy. The mechanism may 
be related to the inhibition of the p38MAPK signaling pathway.
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Introduction

Diabetic retinopathy (DR) as a common chronic 
microvascular complication of diabetes melli-
tus (DM), is caused by increased retinal vascu-
lar permeability due to abnormal glucose and 
lipid metabolism, resulting in intraretinal prolif-
eration and obstruction, stimulating neovascu-
larization and inducing microvascular injury [1, 
2]. Epidemiological data showed that in 2015 
about 216 million DR patients worldwide were 
visually impaired, and 36 million were blind, 
indicating that DR has become a major cause 
of visual dysfunction and even blindness [3]. 
The pathogenesis of DR is complex and is regu-
lated by many mechanisms, including oxidative 
stress, hexosamine pathway, polyol pathway, 
protein kinase C pathway and advanced glyco-
sylation end products, as well as by blood pres-
sure, glucose, lipids and obesity [4, 5]. It has 
been found that injury in retinal ganglion cell 
(RGC) axons form the optic nerve is the main 
pathological change in the development and 
progression of DR [6]. Therefore, early preven-

tion and treatment of reduced RGCs or in- 
creased apoptosis are key to inhibit disease 
progression and improve prognosis. 

p38MAPK is a stress response pathway that 
transmits intracellular and extracellular signal-
ing stimuli, and activated p38MAPK entering 
the nucleus can cause cell cycle arrest, apo- 
ptosis and senescence, and induce cellular 
immune response or inflammatory response 
[7]. High glucose levels can aggravate the  
phosphorylation of p38MAPK and activate  
the p38MAPK signaling pathway [8]. Studies 
have shown [9] that hyperglycemia is an ac- 
tivator of p38MAPK, and oxidative stress is 
enhanced under a high glucose environment. 
Signal stimulation such as oxidative stress can 
further activate p38MAPK phosphorylation, 
and p-p38MAPK activates Caspase-3 down-
stream to initiate the process of apoptosis in 
peripheral neuronal cells, resulting in RGC cell 
damage. Aucubin is an iridoid glycoside, with 
the chemical name of β-D-glucopyranoside, 
and it is one of the effective components of 
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Chinese herbal medicines such as Eucommia 
ulmoides, plantain and rehmannia [10]. Aucubin 
has a wide range of pharmacological effects, 
including reducing inflammatory response, en- 
doplasmic reticulum stress response and oxi-
dative stress response, thereby reducing neu-
rological, ocular and cardiovascular damage 
[11]. Studies have found that aucubin can acti-
vate various signaling pathways, e.g., nuclear 
factor (erythroid-derived 2)-like 2 (Nrf2), AMP-
activated protein kinase and nuclear factor-κB, 
to repair oxidative damage, promote endoge-
nous antioxidant defense and regulate the 
inflammatory immune response [12]. Mean- 
while, some scholars have found that aucubin 
has a protective effect on acute cerebral hem-
orrhage, Parkinson’s disease and neurons in 
the diabetic brain [13], but its effect on diabetic 
RGC damage has not been reported. This study 
analyzed the effect of aucubin on RGCs in dia-
betic rats and the involvement of the p38MAPK 
signaling pathway, aiming to provide new drug 
options for DR.

Materials and methods

Materials

Sixty male Sprague-Dawley (SD) rats (180-220 
g, 6-8 weeks old) were supplied by Shanghai 
JSI Laboratory Animal Co., Ltd., with animal  
use approval No. SYXK (Shanghai) 2018-0004. 
Animals were housed at a temperature of (24 ± 
1)°C, relative humidity of 60%, and in 12 h/12 
h light/dark cycle. All animals were checked  
for normal blood glucose by a blood glucose 
meter (Shanghai Yuyan Scientific Instruments 
Co., Ltd., China), and no lesions were seen by 
slit lamp examination. All experimental proce-
dures were in accordance with the relevant 
requirements in the Regulations of the People’s 
Republic of China on the Administration of La- 
boratory Animals and approved by the Animal 
Care and Use Committee of Aier Eye Hospital of 
Wuhan University.

Methods

Model establishment and grouping: Fifty male 
SD rats were given intraperitoneal injection of 
55 mg/kg of streptozotocin (Beijing Solarbio 
Science & Technology Co., Ltd., China) (dis-
solved using pH 4.5, 0.1 mol/L sodium citrate 
solution) to establish the DM rat model. The cri-
terion for successfully establishment of DM rat 

model was that the tail vein fasting blood glu-
cose (FBG) level of rats exceeded 16.7 mmol/L 
after 72 h of induction. A total of 50 rats were 
modeled and the successful rate was 100%. 
The 50 DM modeled rats were randomized to 
the model group (MG), low dose group (LDG), 
middle dose group (MDG), high dose group 
(HDG) and SB203580 group, with 10 rats in 
each group. Among them, all the groups except 
the MG were given corresponding drug treat-
ments. The LDG, MDG and HDG were injected 
intraperitoneally with 1, 5 and 10 mg/kg of 
aucubin (98% purity, Shanghai Yuntai Infor- 
mation Technology Co., Ltd., China), respective-
ly. The SB203580 group was injected intraperi-
toneally with 5 μg/kg of p38MAPK inhibitor 
(CalBio-Chem, Inc., USA). The MG was injected 
intraperitoneally with equal volume of normal 
saline. Another 10 male SD rats were enrolled 
as the control group (CG). The rats were inject-
ed intraperitoneally with the equal amount of 
normal saline, 1 time/d, for 28 d. The body 
weight and FBG level were measured before 
and 28 d after administration.

Sample preparation: Two hours after the last 
administration, the rats were generally anes-
thetized by an intraperitoneal injection of 1 
mL/100 g of 0.3% sodium pentobarbital. We 
opened the thorax to fully expose the heart, cut 
open the right auricle, and rapidly perfused 
each animal with about 250 mL of 4% parafor-
maldehyde into the left ventricle. Then, we dis-
infected the skin around the bilateral eyeballs, 
clamped up the bulbar conjunctiva using sterile 
forceps, and cut open the superior rectus mus-
cle to expose the optic nerve. As the optic nerve 
was bluntly separated and exposed, the eye-
balls were disconnected at 2 mm posterior to 
the eye. The bilateral eyeballs were removed 
and placed in pre-chilled 4% paraformaldehyde 
and normal saline. The eyeballs were cut along 
the corneal margin. The vitreous and lens were 
removed, and the retina was separated for later 
use.

Pathological histology: The fixed posterior seg-
ments were taken, dehydrated with ethanol, 
cleared with xylene, embedded with paraffin, 
serially sectioned into 3 μm thickness using a 
paraffin slicer (Leica, Germany). The sections 
were hydrated with descending concentrations 
of ethanol (100%, 95%, 90%, 80%, 70%), soak- 
ed for 3 min, stained with hematoxylin for 10 
min, rinsed with tap water, stained with eosin 
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for 5 min, and rehydrated with descending con-
centrations of ethanol (70%, 80%, 90%, 95%, 
100%) for 3 min. After dehydration, the slides 
were mounted. The histopathological changes 
were observed under an optical microscope 
(Shenzhen Zico Biotechnology Co., Ltd., China), 
and the RGC count was observed using Image J 
software.

Flow cytometry: Retinal specimens were taken, 
and single cell suspensions were prepared. The 
concentration of cells was adjusted to ×109/L 
and processed according to the instructions of 
Annexin V/PI kit (Pharmingen, Saratoga, USA). 
The 100 μL of cell suspension, 5 μL of 7-ADD 
and 5 μL of FTTC Annexin V were mixed thor-
oughly and placed at room temperature (20-
25°C) for 15 min away from light, followed by 
adding 400 μL of binding buffer. The apoptosis 
rate was immediately detected on the machine.

Western blot: The retinal specimens were add- 
ed to the buffer solution and centrifuged for 15 
min (4°C, 12000 rpm). The supernatant was 
obtained and aliquoted for cryopreservation. 
The sample was diluted with lysate, collected, 
loaded, and heated for 5 min, and the proteins 
were denatured and separated by gel electro-
phoresis. Next, the proteins were transferred to 
a PVDF membrane, decolorized at room tem-
perature, shaken and sealed for 2 h. Then, pri-
mary (1:500 dilution) and secondary (1:2000 
dilution) antibodies were added and incubated 

for 2 h at room temperature, followed by wash-
ing the membrane 3 times with PBS (Beijing 
Taizejiaye Technology Development Co., Ltd., 
China), 15 min each time. The primary antibod-
ies, including p38MAPK (No. 9926), p-p38MA- 
PK (No. 9910), TrkB (No. 4603), p-TrkB (No. 
4603P), JNK (No. 4668S), p-JNK (No. 9251), 
ERK (No. 9102), p-ERK (No. 3179), Bax (No. 
2772), Caspase-3 (No. 9662), Bcl-2 (No. 2872) 
and GAPDH (No. 5174), were supplied by CST 
Biotechnology Co., Ltd., USA. The secondary 
antibody, horseradish peroxidase-labeled goat 
anti-rabbit immunoglobulin (Ig) G (No. bs-
0295G-HRP), was supplied by Shanghai Jiang- 
lai Biotechnology Co., Ltd., China. ECL lumines-
cent solution was used for color development, 
and Image J software was used for quantitative 
analysis. GAPDH (1:1000 dilution) was used as 
an internal reference, and the ratio indicated 
the relative expression of the target protein.

Immunohistochemistry and enzyme-linked im- 
munosorbent assay: Retinal specimens were 
homogenized, and immunohistochemistry was 
applied to determine the serum levels of ma- 
londialdehyde (MDA), superoxide dismutase 
(SOD), and glutathione peroxidase (GSH-PX), 
with immunohistochemical assay kits supplied 
by Shanghai Yaji Biotechnology Co., Ltd., China. 
Enzyme-linked immunosorbent assay (ELISA) 
was performed to determine the levels of vas-
cular endothelial growth factor (VEGF), interleu-
kin (IL)-1β, intercellular adhesion molecule-1 

Figure 1. H&E staining of retinal tissue in each group (n = 10). A: In the control group, the nuclei of retinal gan-
glion cells (RGCs) were clear and neatly arranged in a single layer, and the outer bipolar cells and photoreceptor 
epithelial cells were tightly and neatly arranged. B: The count of cells in the photoreceptor layer and bipolar cell 
layer decreased in the model group, and the RGCs were disordered with sparse nuclei. C-E: The abnormalities of 
photoreceptor layer, bipolar cell layer and RGCs in the low dose group, medium dose group and high dose group 
were less than those in the model group. F: Number of RGCs. Note: Compared with the control group, ***P < 0.001; 
compared with the model group, ###P < 0.001; compared with the low dose group, ^^^P < 0.001; compared with the 
medium dose group, &&&P < 0.001.
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(ICAM-1) and tumor necrosis factor (TNF)-α, 
with ELISA kits supplied by Unilever (Shanghai) 
Life Science Co., Ltd., China.

Statistical analysis

SPSS 24.0 was used for statistical analysis. 
GraphPad Prism 8 software was used to plot 

Effects of aucubin on the body weight and FBG 
level

The body weight and FBG of the MG were high-
er than those of the CG before treatment and 
on the 28th day (P < 0.05). The body weight and 
FBG of the SB203580 group were lower than 
those of the MG on the 28th day (P < 0.05). The 

Figure 2. Comparison of body weight and fasting blood glucose (FBG) (n 
= 10). A: Weight; B: FBG; C: Changes in body weight during 0-28 days; D: 
Changes in FBG during 0-28 days. Note: Compared with the control group, 
***P < 0.001; compared with the model group, ###P < 0.001; compared with 
the low dose group, ^^P < 0.01, ^^^P < 0.001; compared with the medium 
dose group, &&&P < 0.001; compared with the high dose group, @@@P < 0.001.

the graphs. The data with nor-
mal distribution were describ- 
ed by mean ± standard devia-
tion (mean ± SD), and one-
way analysis of variance with 
post hoc least significant dif-
ference-t test was adopted for 
comparison among multiple 
groups. P < 0.05 was consid-
ered statistically significant.

Results

Effect of aucubin on the mor-
phology and count of RGCs

In the CG, the nuclei of RGCs 
were clear and neatly arrang- 
ed in a single layer, and the 
outer bipolar cells and photo-
receptor epithelial cells were 
tightly and neatly arranged. 
The count of cells in the pho-
toreceptor layer and bipolar 
cell layer decreased in the 
MG, and the RGCs were di- 
sordered with sparse nuclei. 
The abnormalities of the pho-
toreceptor layer, bipolar cell 
layer and RGCs in the LDG, 
MDG and HDG were less than 
those in the MG. In addition, 
the photoreceptor cells in  
the SB203580 group were 
arranged in an orderly man-
ner with clear nuclei. The RGC 
count in the MG was lower 
than that in the CG and the 
SB203580 group (P < 0.05). 
The RGC count was the high-
est in the HDG, followed by 
MDG and LDG, and the lowest 
in MG. It is indicated that both 
aucubin and SB203580 can 
protect the count and mor-
phology of RGCs in diabetic 
rats (Figure 1).
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body weight and FBG were the lowest in the 
HDG, followed by the MDG and LDG, and the 
highest in the MG (P < 0.05) on the 28th d of 
treatment. It is suggested that both aucubin 
and SB203580 can reduce body weight and 
FBG levels in diabetic rats (Figure 2).

Effect of aucubin on the retinal p38MAPK sig-
naling pathway 

Total protein expression levels of p38MAPK, 
JNK and ERK exhibited no marked differen- 
ces among all groups (P > 0.05). The MG had 
higher p38MAPK, JNK and ERK protein phos-
phorylation levels than the CG (P < 0.05). The 
SB203580 group had lower p38MAPK protein 
phosphorylation level than the MG (P < 0.05). 
The p38MAPK protein phosphorylation level 
was the lowest in the HDG, followed by the 
MDG and LDG, and the highest in the MG (P < 
0.05). The JNK and ERK protein phosphoryla-
tion levels exhibited no marked differences 
among all groups (P > 0.05). It is indicated that 
both aucubin and SB203580 can reduce the 
degree of p38MAPK phosphorylation and in- 
hibit the activation of p38MAPK signaling path-
way in diabetic rats, and high-dose aucubin has 
the best efficacy (Figure 3).

Effect of aucubin on apoptosis rate of retinal 
cells

The MG had higher apoptosis rate of retinal 
cells, higher relative protein expression of 
Caspase3 and Bax, and lower relative protein 
expression of Bcl-2 and Bcl-2/Bax than the CG 
did (P < 0.05). The SB203580 group showed 
lower apoptosis rate of retinal cells, lower rela-
tive protein expression of Caspase3 and Bax, 
and higher relative protein expression of Bcl-2 
and Bcl-2/Bax than the MG (P < 0.05). The 
apoptosis rate of retinal cells and relative pro-
tein expression of Caspase 3 and Bax were the 
lowest in the HDG, followed by the MDG and 
LDG, and the highest in the MG. The relative 
protein expression of Bcl-2 and Bcl-2/Bax were 
the highest in the HDG, followed by the MDG 
and LDG, and the lowest in the MG (P < 0.05). It 
is suggested that both aucubin and SB203580 
can inhibit the apoptosis rate of retinal cells in 
DM rats, and high-dose aucubin has the best 
efficacy (Figures 4, 5).

Effect of aucubin on VEGF and inflammatory 
factors of retinal tissue

The MG showed higher levels of VEGF, IL-1β, 
ICAM-1 and TNF-α in the retinal tissue than the 

Figure 3. Comparison of relative expression of p38MAPK signaling pathway in the retina tissue (n = 10). A: Western 
blot images of relative expression (1: control group, 2: model group, 3: low dose group, 4: medium dose group, 5: 
high dose group); B: p38MAPK; C: p-p38MAPK; D: JNK; E: p-JNK; F: ERK; G: p-ERK. Note: Compared with the control 
group, ***P < 0.001; compared with the model group, ###P < 0.001; compared with the low dose group, ^^^P < 0.001; 
compared with the medium dose group, &&&P < 0.001.
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CG (P < 0.05). The SB203580 group showed 
lower levels of VEGF, IL-1β, ICAM-1 and TNF-α in 
the retinal tissue than the MG (P < 0.05). The 
levels of VEGF, IL-1β, ICAM-1 and TNF-α levels 
were the lowest in the HDG, followed by the 
MDG and LDG, and the highest in the MG (P < 
0.05). It is indicated that aucubin and SB2- 
03580 can inhibit the levels of VEGF and 
inflammatory factors in the retinal tissue of DM 
rats and reduce the inflammatory response, 

and high-dose aucubin exhibits the best effect 
(Figure 6).

Effect of aucubin on the oxidative stress re-
sponse of retinal tissues

The MD had lower GSH-PX and SOD, and higher 
MDA in retinal tissue than the CG (P < 0.05). 
The SB203580 group showed higher GSH-PX 
and SOD levels, and lower MDA in retinal tissue 

Figure 4. Comparison of apoptosis rate of retinal cells (n = 10). Note: Compared with the control group, ***P < 0.001; 
compared with the model group, ###P < 0.001; compared with the low dose group, ^^^P < 0.001; compared with the 
medium dose group, &&&P < 0.001; compared with the high dose group, @@@P < 0.001.
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than the MG (P < 0.05). The GSH-PX and SOD of 
retinal tissue were the highest in the HDG, fol-
lowed by the MDG and LDG, and the lowest in 
the MG. The MDA levels were lowest in the 
HDG, followed by the MDG and LDG, and the 
highest in the MG (P < 0.05). It is suggested 
that both aucubin and SB203580 can reduce 
the oxidative stress response in the retinal tis-
sue of DM rats (Figure 7).

Discussion

As one of the iridoid glycosides, aucubin has 
pharmacological effects of protecting the ner-
vous system, reducing blood glucose levels, 
anti-osteoarthritis, and reducing the inflamma-
tory response [13]. Ma et al. [14] found that 
aucubin promoted endogenous antioxidant de- 
fense by inducing sirt1 and sirt3 activity, trig-

ent and a natural drug for the prevention of 
DM-induced DN. In our study, compared with 
the CG, the photoreceptor layer, bipolar cell 
layer and RGCs in the MG were markedly ab- 
normal, and the levels of IL-1β, ICAM-1, TNF-α 
and MDA were highly expressed in the retinal 
tissue of the MG, which showed that under  
the continuous stimulation of high glucose lev-
els in vivo, the retinal tissue of DM rats showed 
obvious inflammatory response and oxidative 
stress. In contrast, the body weight and FBG of 
rats decreased after treatment with aucubin, 
and the expression of inflammatory factors and 
inducible enzymes were significantly reduced, 
which confirmed that aucubin can reduce in- 
flammatory damage and oxidative stress.

p38MAPK is widely distributed in the cytoplasm 
and is a common pathway for many intracellu-

Figure 5. Comparison of relative expression of retinal ganglion cell apoptosis-
related proteins (n = 10). A: Western blot images of relative expression (1: 
control group, 2: model group, 3: low dose group, 4: medium dose group, 5: 
high dose group); B: Caspase-3; C: Bcl-2; D: Bax. Note: Compared with the 
control group, ***P < 0.001; compared with the model group, ###P < 0.001; 
compared with the low dose group, ^^^P < 0.001; compared with the medium 
dose group, &&&P < 0.001.

gering nuclear translocations 
of FOXO3a and Nrf2, and 
upregulating the expression 
of antioxidant genes such as 
catalase and heme-oxygen-
ase-1. Besides, aucubin inhi- 
bited the nuclear transloca-
tion of NF-κB p65, thus inhib-
iting oxidative stress markers 
and reducing the inflammato-
ry response. Chen et al. [15] 
found that aucubin reduced 
TNF-α, IL-1β and high mobility 
group protein b1 levels, and 
weakened the activation and 
neurotransmission of microg-
lia and astrocyte, thus exert-
ing antiepileptic effects. Xue 
et al. [16] reported that aucu-
bin effectively regulated blood 
glucose levels, reduced lipid 
oxidation production, and im- 
proved antioxidant enzyme 
activity, thereby inhibiting the 
apoptosis of neuronal cell in 
hippocampal CA1 region of 
DM rats. Kim et al. [17] sh- 
owed that aucubin promoted 
the proliferation and differen-
tiation of neurons in neural 
stem cells and contributed to 
the repair of the peripheral 
nervous system after nerve 
injuries. The above studies in- 
dicate that aucubin may be a 
potential neuroprotective ag- 
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lar signal transmissions. It can be initiated by 
oxidative stress signaling and it mediates ap- 
optosis signaling pathways [18-20]. Liu et al. 
[21] established a DM rat model by intraperito-
neal injection of streptozotocin and found that 
the expression of p-p38MAPK and p-JNK were 
elevated in the retina of the MG, indicating that 
changes in the expression of p-p38MAPK and 
JNK were involved in DM induced retinal le- 
sions. Li et al. [22] reported that the p38MAPK 
signaling pathway was crucial in DM-induced 
DR development, and p38MAPK inhibitors re- 
duced early RGC apoptosis and early retinal 

the mitochondria [26]. Treatment of SB203580 
and aucubin increased the RGC count, and 
decreased the apoptosis rate of RGCs and the 
level of p38MAPK protein phosphorylation. It is 
suggested that the effect of aucubin is similar 
to SB203580 and can protect RGCs by sup-
pressing the activation of the p38MAPK signal-
ing pathway. Moreover, VEGF can improve vas-
cular permeability, damage the tight junctions 
of retinal vascular endothelial cells, promote 
extracellular fluid accumulation and vascular 
leakage, and thus induce endothelial cell prolif-
eration and neovascularization [27]. Our results 

Figure 6. Comparison of vascular endothelial growth factor (VEGF) and in-
flammatory factors in the retinal tissue (n = 10). A: VEGF; B: Interleukin (IL)-
1β; C: Intercellular adhesion molecule-1 (ICAM-1); D: Tumor necrosis factor 
(TNF)-α. Note: Compared with the control group, ***P < 0.001; compared with 
the model group, ###P < 0.001; compared with the low dose group, ^^^P < 
0.001; compared with the medium dose group, &&&P < 0.001; compared with 
the high dose group, @@@P < 0.001.

barrier disorder in DM rats. 
Ma et al. [23] found that pro-
tein expression of p-p38MA- 
PK, caspase-3 and Bax were 
markedly elevated, while pro-
tein expression of Bcl-2 was 
declined in DR rats, which are 
similar to our results, further 
suggesting that the inhibition 
of the p38MAPK pathway is 
particularly important to re- 
duce the degree of lesions 
and apoptosis. In this study, 
the RGC count was reduced, 
and the apoptosis rate of 
RGCs as well as the phos-
phorylation levels of p38MA- 
PK, JNK and ERK proteins we- 
re elevated in the MG, sug-
gesting that the activation of 
the p38MAPK signaling path-
way is closely associated with 
cell apoptosis. The possible 
mechanisms of action inclu- 
de: (1) under the stimulation 
of DM with high glucose le- 
vel, signals such as oxidative 
stress can stimulate the acti-
vation of the p38MAPK sig-
naling pathway, thus activat-
ing the downstream protein 
(Caspase 3), initiating apopto-
sis signaling and aggravating 
apoptosis in peripheral nerve 
cells, and further damaging 
RGCs [24, 25]; (2) the activa-
tion of the p38MAPK signal-
ing pathway plays a vital role 
in inducing neuronal apopto-
sis by NO through promoting 
the translocation of Bax into 
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revealed that aucubin reduced the expression 
of VEGF in retinal tissue of DM rats, improved 
retinal microvascular circulation, and ultimately 
inhibited the progression of DR.

This study provides a new perspective in the 
pharmacological treatment for patients with 
DR, and the idea is worthy of further develop-
ment and research. However, the present study 
is limited by the small sample size of the experi-
mental animals and the lack of evidence on the 
specific downstream molecular mechanisms of 
the relevant pathways, which will be further 
explored in the next step of our research.

In conclusion, aucubin and SB203580 can pro-
tect RGCs in DM modeled rats, inhibit RGC cell 
apoptosis, reduce oxidative stress and reduce 
inflammatory response. The dosage of 10 mg/
kg of aucubin achieved the best effect, and its 
mechanism of action may be attributed to the 
regulation of the p38MAPK signaling pathway.
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with the medium group, &&&P < 0.001; compared with the high dose group, @@@P < 0.001.
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