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Hui Liu1, Wenli Chen1, Ping Lu2, Yifei Ma2, Xinjun Liang2, Yanyan Liu3

1Department of Nephrology, The Central Hospital of Wuhan, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, 

China; 2Department of Medical Oncology, Hubei Cancer Hospital, Tongji Medical College, Huazhong University of Science, Wuhan, China; 
3Department of Nephrology, Division of Internal Medicine, Tongji Hospital, Tongji Medical College, Huazhong University of Science and 

Technology, Wuhan, China

Contributions: (I) Conception and design: H Liu, P Lu; (II) Administrative support: Y Ma, X Liang, Y Liu; (III) Provision of study materials or 

patients: W Chen, Y Ma; (IV) Collection and assembly of data: H Liu, W Chen; (V) Data analysis and interpretation: H Liu, W Chen; (VI) 

Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Xinjun Liang. Department of Medical Oncology, Hubei Cancer Hospital, Tongji Medical College, Huazhong University of 

Science, Wuhan, China. Email: liangxj19@163.com; Yanyan Liu. Department of Nephrology, Division of Internal Medicine, Tongji Hospital, Tongji 

Medical College, Huazhong University of Science and Technology, Wuhan, China. Email: tjliuyy@163.com.

Background: Diabetic nephropathy (DN) is one of the most common microvascular complications in 
diabetes mellitus. Ginsenoside Rg1 (Rg1) is an important active ingredient extracted from Panax ginseng. 
This study aimed to investigate the role and molecular mechanism of Rg1 in DN model.
Methods: The mesangial cell line HBZY-1 was induced by high glucose (HG; 30 mM D-glucose). HG-
induced HBZY-1 cells were treated with Rg1 (2.5, 5, 10 μmol/L). Cell viability was measured by the 
MTT assay. Apoptosis was detected by flow cytometry. Related proteins were measured by western blot. 
Reactive oxygen species (ROS) production was measured by dichlorodihydrofluorescein diacetate (DCFH-
DA). Inflammatory factors and molecules associated with oxidative stress were detected by enzyme-linked 
immunoassay (ELISA). DN rats model were treated with 50 mg/kg/d Rg1 for 8 weeks, the histopathological 
changes and the expression of relevant markers were analyzed.
Results: We found that Rg1 treatment markedly elevated the survival rates of HG-induced HBZY-1 cells 
and reduced apoptosis induced by HG. Rg1 treatment attenuated the HG-induced inflammatory response 
by decreasing the high levels of TNF-α, IL-1β, and IL-6. Furthermore, Rg1 treatment alleviated HG-
induced oxidative stress by decreasing ROS generation, malondialdehyde (MDA), and lactate dehydrogenase 
(LDH) accumulation and increasing the activities of superoxide dismutase (SOD) and glutathione peroxidase 
(GSH-Px). After Rg1 (50 mg/kg/d) treatment, the severe glomerular thylakoid hyperplasia, glomerular 
atrophy, tubule dermal cell exfoliation, basement membrane exposure, interstitial edema and inflammatory 
cell cytoplasmic infiltration were alleviated in DN rats. DN rat model treated with Rg1 (50 mg/kg/d) 
showed good anti-inflammatory and antioxidant activities. Rg1 treatment also increased the levels of the 
phosphorylation of PI3K (p-PI3K) and AKT (p-AKT) and promoted the transfer of FOXO3 from the 
nucleus to the cytoplasm in vitro and in vivo.
Conclusions: Rg1 exhibited protective effects on DN-induced inflammatory responses and oxidative stress 
via regulating the PI3K/AKT/FOXO3 pathway in in vitro and in vivo. The results suggest that Rg1 may be a 
potential therapeutic agent for DN treatment.
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Introduction

Diabetic nephropathy (DN) is a common microvascular 
complication of diabetes mellitus worldwide, which often 
increases the risk of chronic renal failure (1). Glomerular 
mesangial cells (GMCs) are a major functional cell type 
which plays crucial roles in sustaining the integrity of the 
glomerular microvascular bed, preserving mesangial matrix 
homeostasis, and regulating glomerular percolation (2).  
Research indicated that mesangial cell death was an 
important cause of diabetes-mediated renal tissue 
destruction (3). Once GMCs are destroyed, glomerular 
sclerosis and renal tubular interstitial fibrosis will occur, 
ultimately leading to DN. Therefore, inhibition of GMC 
apoptosis plays an important role in the prevention and 
treatment of DN.

Studies have shown that oxidative stress plays vital 
roles in DN (4). Excess oxidative stress will result in 
glomerulosclerosis and renal fibrosis, eventually leading 
to DN (5). High glucose-induced (HG-induced) oxidative 
stress contributed to endothelial dysfunction, vacuolation of 
renal tubular epithelial cells, tubular fibrosis, and interstitial 
inflammation (6). Therefore, oxidative stress plays an 
important role in kidney injury (7,8).

Ginsenoside Rg1 (Rg1) is one of the primary bioactive 
ingredients in Panax notoginseng saponins. Numerous studies 
have indicated that Rg1 plays significant roles in health 
benefits such as anticancer (9), neuroprotective (10), anti-
senescence (11), anti-inflammation (12), and antioxidative (13) 
effects. Also, extensive research has demonstrated that Rg1 
is associated with various diseases, including cardiovascular 
disease (14), Alzheimer’s disease (15), spinal cord injury (16), 
and liver injury (17,18). Xue et al. and Yu et al. demonstrated 
that Rg1 ameliorated streptozotocin-induced oxidative stress 
and myocardial apoptosis, and suppressed HG-induced 
mesenchymal activation and fibrosis (19,20). However, to our 
knowledge, the detailed mechanisms of Rg1 on HG-induced 
oxidative stress in GMCs have not been described.

Forkhead box O (FOXO) is an O type superfamily of 
forkhead transcription factors distributed in the nucleus 
which are involved in various cell processes (21-24). 
FOXO3 transcription factors, which are downstream 
effectors of the PI3K/AKT signal pathway (25,26), play a 
crucial role in cell cycle arrest and cell survival (27). The 
activated PI3K/AKT pathway was shown to promote 
FOXO3 phosphorylation, and the phosphorylated FOXO3 
went into the cytoplasm, inhibited apoptosis, and eventually 
promoted cell proliferation and survival (28). Additionally, 

FOXO3 correlated with some important anti-apoptotic 
proteins which act against oxidative stress in cellular 
protection (29-31).

In the present study, we investigated for the first time 
the roles and the underlying mechanism of Rg1 on DN-
induced inflammation and oxidative stress. Our findings 
indicate that Rg1 may act as an attractive therapeutic agent 
for intervention against renal failure.

We present the following article in accordance with 
the MDAR reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-6234).

Methods

Cell culture and treatment

The rat GMC line (HBZY-1 cells) was cultured in 
Dulbecco’s modified Eagle’s medium (DMEM). Then, 
the cells were cultured with 30 mmol/L glucose (HG) 
for 48 h. Rg1 (CAS: 22427-39-0, ≥90% HPLC) was 
purchased from Sigma-Aldrich (USA), which chemical 
structure was shown in Figure 1A. There were 5 groups 
in this study: control group (HBZY-1 cells with no 
treatment); HG group (HBZY-1 cells were induced by 
30 mmol/L glucose); HG + Rg1 (2.5, 5, 10 μmol/L)  
group, where HBZY-1 cells induced by HG were treated 
with 2.5, 5, and 10 μmol/L Rg1. Cells were cultured at 37 ℃ 
for 48 h.

Cell viability

The viability of HBZY-1 cells was measured by the MTT 
assay (Solarbio, China). The cells (5×103 cells per well) 
were seeded on a 96-well plate. After 24 h of culture, cells 
in the HG group were treated with HG for 48 h. HG-
induced cells in the Rg1 group were treated with Rg1 (2.5, 
5, 10 μmol/L) and cultured for 48 h. The control cells were 
cultured in normal medium. After MTT treatment, the 
OD value was detected at 490 nm with a microplate reader 
(Multiskan Sky, Thermo Fisher, USA).

Flow cytometry

The cells were digested with trypsin (Solarbio, China) and 
fixed with 70% ethanol at 4 ℃ overnight. Then, 10 mg/mL  
RnaseA (Solarbio, China) and propidium iodide (PI) 
(Solarbio, China) were added and stained overnight at 4 ℃. 
Following the instructions of the Annexin V-FITC Apoptosis 
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Detection Kit (Solarbio, China), flow cytometry (Becton 
Dickinson, USA) was used to detect the apoptosis rate. 
Annexin V-FITC (−)/PI (−) (bottom left) were normal cells. 
Annexin V-FITC (+)/PI (−) cells (bottom right) were early 
apoptotic cells. Annexin V-FITC (+)/PI (+) (upper right) 
were late apoptotic cells. Annexin V (−)/PI (+) (upper left) 
were necrotic cells.

Animal models and sample collection

SPF male Sprague-Dawley rats (8 weeks, 180–200 g) were 
obtained from the Animal Center of Huazhong University 
of Science and Technology, which were reared at 24±1 ℃, 
12 h light/dark cycle environment. All experiments were 
conducted in accordance with the National Institutes of 
Health Guidelines for The Care and Use of Laboratory 
Animals, and approved by the Animal Welfare Committee 
of Tongji Medical College, Huazhong University of Science 
and Technology (No. s0800910).

Diabetic rats were induced by intrabitoneal injection 
of 50 mg/kg streptozotocin (STZ). After 4 weeks of STZ 
injection, diabetic rats were randomly divided into 3 group 
(n=8): control group, DN group and Rg1 group. The 
control group was given distilled water, and the Rg1 group 
was given 50 mg/kg Rg1 (32), intraperitoneal injection 
once a day, for 8 weeks. The rats were sacrificed, blood and 
kidney tissues were collected for further analysis.

Histological examination

Following the previous methods, kidney sections (4–5 µm) 
were used to observe the renal injury with hematoxylin-
eosin (HE) (33), Masson (34), and Pas (33) staining, and 
the images were captured using a light microscopy (Nikon, 
Japan).

Western blotting

Protein was extracted from cells using the Whole Protein 
Extraction Kit (Solarbio, China). Protein concentrations 
were detected by the BCA Protein Assay Kit (Solarbio, 
China). Proteins (30 μg) were separated by 10% SDS-
PAGE and then transferred to PVDF membranes (Solarbio, 
China). After being blocked by 5% skim milk, the proteins 
were incubated overnight at 4 ℃ with the following 
primary antibodies: Bax (ab182733, 1:2,000, Abcam, UK), 
Bcl-2 (ab194583, 1:500–1:2,000, Abcam, UK), cleaved 
caspase-3 (#9664, 1:1,000, Cell Signaling, USA), cleaved 
caspase-9 (#9507, 1:1000, Cell Signaling, USA), PI3K 
(ab191606, 1:1,000, Abcam, UK), phospho-PI3K (PA5-
104853, 1:500–1:2,000, Thermo Fisher, USA), AKT (#4691, 
1:1,000, Cell Signaling, USA), phospho-AKT (#9271, 
1:1,000, Cell Signaling, USA), FOXO3 (#2497, 1:1,000, 
Cell Signaling, USA), and GAPDH (ab9485, 1:2,500, 
Abcam, UK). The next day, the membrane was washed with 
PBS and incubated for 1 h with goat anti-rabbit IgG-HRP 
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Figure 1 Rg1 elevated the survival rate of HG-induced HBZY-1 cells. (A) The chemical structure of Rg1. (B) HBZY-1 cells were treated 
with 0, 1.25, 2.5, 5, 10, 20, or 40 μmol/L Rg1, and cell viability was evaluated by the MTT assay. (*P<0.05, **P<0.01 versus 0). (C) HBZY-
1 cells were induced by HG (30 mmol/L). HBZY-1 cells were divided into 5 groups: control group (HBZY-1 cells without any treatment); 
HG group (HBZY-1 cells were induced by 30 mmol/L glucose); HG + Rg1 (2.5, 5, 10 μmol/L) group, where HG-induced HBZY-1 cells 
were treated with 2.5, 5, and 10 μmol/L Rg1 at 37 ℃ for 48 h. Cell viability was evaluated by the MTT assay. Results were obtained from 
3 independent experiments and were expressed as mean ± SD (#P<0.05, ##P<0.01 versus the HG group; *P<0.05 versus control). HG, high 
glucose; Rg1, ginsenoside Rg1; SD, standard deviation.
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(Solarbio, China). These bands were observed by the ECL 
Chemiluminescence Detection Kit (Solarbio, China).

Measurement of inflammatory factors and molecules 
related to oxidative stress

The cells were centrifuged at 500 ×g for 5 min, and the 
supernatant was used for ELISA. The levels of TNF-α, IL-
1β, IL-6, malondialdehyde (MDA), lactate dehydrogenase 
(LDH), superoxide dismutase (SOD), and glutathione 
peroxidase (GSH-Px) in HBZF-1 cells or rat serum were 
detected following the manufacturer’s instructions of the 
ELISA kits (Beyotime, China).

Measurement of intracellular oxidants and antioxidant 
enzyme activities

Reactive oxygen species (ROS) production in HBZF-1 cells 
was detected by measuring 2,7-dihydrochlorofluorescein 
(DCF)-derived fluorescence through a flow cytometer. 
ROS was determined according to the instructions of the 
Reactive Oxygen Species Assay Kit (Beyotime, China).

Statistical analysis

Data are presented as the mean ± standard deviation (SD), 
with experiments repeated at least 3 times. Statistical 
comparisons between different groups were conducted 
using one-way analysis of variance followed by Bonferroni’s 
post hoc test using SPSS 22.0 (SPSS, Inc., Chicago, IL, 
USA). P<0.05 was considered to indicate a statistically 
significant difference.

Results

Rg1 elevated the cell viability of HG-induced HBZY-1 cells

To explore the effect of Rg1 on HBZY-1 cells, cell viability 
was firstly measured. Rg1 increased the viability of HBZY-
1 cells in a dose-dependent manner at lower concentrations 
for 48 h, while doses above 20 μmol/L were cytotoxic (Figure 
1B). Therefore, 2.5, 5, and 10 μmol/L Rg1 for 48 h was used 
for subsequent experiments. As shown in Figure 1C, HG 
treatment significantly suppressed cell viability compared 
with the control group. However, Rg1 treatment elevated cell 
viability compared with the HG group in a dose-dependent 
manner. These results indicated that Rg1 alleviated the 

suppressive effect of HG on the survival of HBZY-1 cells.

Rg1 reduced HG-induced apoptosis of HBZY-1 cells

We then explored the effect of Rg1 on cell apoptosis. 
As shown in Figure 2A,2B, the flow cytometry assay 
demonstrated that the cell apoptosis rate was strongly 
reduced after treatment with Rg1 in a dose-dependent 
manner. In addition, HG treatment decreased the protein 
level of Bcl-2, while that of Bax, cleaved caspase-3, and 
cleaved caspase-9 increased compared with the control 
group. However, Rg1 treatment reversed these effects 
(Figure 2C). These results indicated that Rg1 inhibited HG-
induced apoptosis of HBZY-1 cells.

Rg1 alleviated HG-induced inflammation

To investigate the effect of Rg1 on HG-induced inflammatory 
responses, levels of inflammatory factors such as TNF-α, IL-
1β, and IL-6 were measured by ELISA. Rg1 treatment dose-
dependently lowered high levels of TNF-α, IL-1β, and IL-6 
induced by HG in HBZY-1 cells. These data demonstrated 
that Rg1 treatment attenuated the HG-induced inflammatory 
response in HBZY-1 cells (Figure 3A-3C).

Rg1 alleviated HG-induced oxidative stress

Oxidative stress is the major mechanism for radiation-
induced cancer cell death. ROS production was measured 
with DCFH-DA. The levels of MDA, LDH, SOD, and 
GSH-Px were examined by ELISA. As shown in Figure 
4A-4C, Rg1 treatment dose-dependently decreased HG-
induced ROS generation, MDA, and LDH accumulation in 
HG-induced HBZY-1 cells. In addition, Rg1 increased the 
activities of SOD and GSH-Px in a dose-dependent manner 
(Figure 4D,4E). The results demonstrated that Rg1 treatment 
alleviated HG-induced oxidative stress in HBZY-1 cells.

Rg1 promoted the activation of the PI3K/AKT/FOXO3 
pathway in vitro

We further investigated the underlying molecular 
mechanisms of these findings. The activation of the PI3K/
AKT pathway was measured by western blot. As shown in 
Figure 5A,5B, the phosphorylation of PI3K (p-PI3K) and 
AKT (p-AKT) was reduced while the FOXO3 level was 
elevated in nuclei after induction by HG compared with 
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Figure 2 Rg1 reduced HG-induced apoptosis of HBZY-1 cells. HBZY-1 cells were induced by HG (30 mmol/L). HBZY-1 cells were 
divided into 5 groups: control group (HBZY-1 cells without any treatment); HG group (HBZY-1 cells were induced by 30 mmol/L glucose); 
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(A,B) The apoptosis rate of HBZY-1 cells was detected by the flow cytometry assay. (C) Levels of Bcl-2, Bax, cleaved caspase-3, and cleaved 
caspase-9 were measured by western blot. *P<0.05 versus control; #P<0.05, ##P<0.01 versus the HG group. Rg1, ginsenoside Rg1; HG, high 
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Figure 3 Rg1 alleviated the HG-induced inflammatory response. HBZY-1 cells were induced by HG (30 mmol/L). HBZY-1 cells were 
divided into 5 groups: control group (HBZY-1 cells without any treatment); HG group (HBZY-1 cells were induced by 30 mmol/L 
glucose); HG + Rg1 (2.5, 5, 10 μmol/L) group, where HG-induced HBZY-1 cells were treated with 2.5, 5, and 10 μmol/L Rg1 at 37 ℃ for 
48 h. (A) Level of TNF-α was determined by ELISA. (B) Level of IL-1β was determined by ELISA. (C) Level of IL-6 was determined by 
ELISA. *P<0.05 versus control; #P<0.05, ##P<0.01 versus the HG group. Rg1, ginsenoside Rg1; HG, high glucose; ELISA, enzyme-linked 
immunoassay.

the control group. However, Rg1 treatment increased the 

levels of p-PI3K and p-AKT and promoted the transfer of 

FOXO3 from the nucleus to the cytoplasm (Figure 5A,5B). 

These results indicated that Rg1 promoted the activation of 

the PI3K/AKT pathway to inactivate FOXO3.

The PI3K/AKT/FOXO3 pathway was involved in the 
protective effect of Rg1 on HG-induced HBZY-1 cells 

To further confirm the involvement of the PI3K/AKT/
FOXO3 pathway, the AKT inhibitor, MK-2206, was added 
to HG-induced HBZY-1 cells. As shown in Figure 6A,6B, 
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Figure 5 Rg1 promotes the activation of the PI3K/AKT/FOXO3 pathway in vitro. HBZY-1 cells were induced by HG (30 mmol/L). HBZY-1  
cells were divided into 5 groups: control group (HBZY-1 cells without any treatment); HG group (HBZY-1 cells were induced by 30 mmol/L 
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(A,B) Levels of p-PI3K/PI3K, p-AKT/AKT, and FOXO3 were measured by western blot. *P<0.05 versus control; #P<0.05, ##P<0.01 versus the 
HG group. Rg1, ginsenoside Rg1; HG, high glucose; p-PI3K, phosphorylation of PI3K; p-AKT, phosphorylation of AKT.
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Rg1 (10 μmol/mL) relieved the suppressive effect of HG 
on the PI3K/AKT pathway and reduced the FOXO3 level 
in the nucleus. However, the PI3K/AKT pathway was 
suppressed while the FOXO3 level was increased in the 
nucleus after the addition of MK-2206. Furthermore, the 
cell apoptosis rate and the levels of TNF-α and MDA were 
elevated while the activity of SOD was decreased with the 
addition of MK-2206. Rg1 treatment counteracted these 
effects (Figure 6C-6F). These results confirmed that the 
PI3K/AKT/FOXO3 pathway was involved in the protective 
effect of Rg1 on HG-induced HBZY-1 cells.

Rg1 protects against DN in vivo

As shown in Figure 7A. Compared with control group, DN 
group showed symptoms of glomerular atrophy, severe 
proliferation of glomerular thylakoid, renal tubule dermal 

separation, basement membrane exposure, inflammatory cell 
cytoplasmic infiltration and interstitial edema. The above 
symptoms disappeared after Rg1 treatment. These results 
indicated that Rg can alleviate renal injury in DN mice. 
In addition, Rg1 treatment lowered high levels of TNF-α 
(Figure 7B) and IL-6 (Figure 7C) in STZ-induced rats. Rg1 
treatment decreased STZ-induced MDA accumulation 
(Figure 7D), increased the activities of SOD (Figure 7E). 
Furthermore, Rg1 treatment increased the levels of p-PI3K 
and p-AKT and promoted the transfer of FOXO3 from the 
nucleus to the cytoplasm (Figure 7F).

Discussion

As one of the most common complications of diabetes, 
DN has been the main cause of death in diabetic patients. 
GMCs are crucial cells which provide structural support 

Figure 6 The PI3K/AKT/FOXO3 pathway was involved in the protective effect of Rg1 on HG-induced HBZY-1 cells. HBZY-1 cells were 
induced by HG (30 mmol/L). HBZY-1 cells were divided into 5 groups: control group (HBZY-1 cells without any treatment); HG group 
(HBZY-1 cells were induced by 30 mmol/L glucose); HG + Rg1 (10 μmol/L) group, where HG-induced HBZY-1 cells were treated with  
10 μmol/L Rg1 at 37 ℃ for 48 h; HG + MK-2206 (100 nmol/L) group, where HG-induced HBZY-1 cells were treated with 100 nmol/L 
MK-2206 at 37 ℃ for 48 h; HG + Rg1 + MK-2206 (100 nmol/L) group, where HG-induced HBZY-1 cells were treated with 10 μmol/L 
Rg1 and 100 nmol/L MK-2206 at 37 ℃ for 48 h. (A,B) Levels of p-PI3K/PI3K, p-AKT/AKT, and FOXO3 were measured by western blot. 
(C) Apoptosis rate was measured by the flow cytometry assay. (D) TNF-α level was determined by ELISA. (E) MDA level was determined 
by ELISA. (F) SOD activity was determined by ELISA. *P<0.05 versus control group; #P<0.05 versus the HG group; &P<0.05 versus the HG 
+ MK-2206 (100 nmol/L) group. Rg1, ginsenoside Rg1; HG, high glucose; p-PI3K, phosphorylation of PI3K; p-AKT, phosphorylation of 
AKT; MDA, malondialdehyde; SOD, superoxide dismutase.
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Figure 7 The effect of Rg1 in DN rat. (A) Diabetic rats were randomly divided into 3 group (n=8): control group, DN group and Rg1 
group. Representative photograph for HE, Masson, PAS staining, scale bar =25 μm. (B) Level of TNF-α was determined by ELISA. (C) 
Level of IL-6 was determined by ELISA. (D) MDA production was determined by ELISA. (E) SOD activity was determined by ELISA. 
(F) Levels of p-PI3K/PI3K, p-AKT/AKT, and FOXO3 were measured by western blot. *P<0.05 versus control group; #P<0.05 versus 
the DN group. Rg1, ginsenoside Rg1; DN, diabetic nephropathy; HE, hematoxylin-eosin; p-PI3K, phosphorylation of PI3K; p-AKT, 
phosphorylation of AKT; MDA, malondialdehyde; SOD, superoxide dismutase; ELISA, enzyme-linked immunoassay.
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for capillary loops and regulate glomerular filtration 
in the glomerulus (35). Research has indicated that 
GMC apoptosis participates in the pathogenesis of 
glomerulosclerosis and renal tubular interstitial fibrosis, 
leading to DN (36). Inflammation also plays vital roles in 
the pathogenesis of DN (37).

HG-induced oxidative stress plays an important role 
in cell growth. HG induced ROS production, increased 
MDA levels, and inhibited the SOD activity of GMCs 
(6,38,39). Furthermore, in Zhang et al.’s research, HG-
induced oxidative stress increased neuronal ROS, promoted 
apoptosis, and decreased cell viability (40). Similarity, in 
our study, we found that under the stimulation of HG, the 
viability of HBZY-1 cells was markedly inhibited compared 
to controls. We also found that exposure to HG induced 
a significant increase in the levels of TNF-α, IL-1β, IL-
6, MDA, LDH, and ROS while inhibiting the activities of 
SOD and GSH-Px. Furthermore, GMC apoptosis was also 
observed under HG conditions. Collectively, our results 
showed that HG-induced inflammation and oxidative stress 
accelerated GMC apoptosis. In vivo studies showed that 
injection of Rg1 (50 mg/kg/d) in rats improved glomerular 
atrophy, severe proliferation of glomerular thylakoids, 
detachment of renal tubular endothelium, exposure of 
basement membrane, inflammatory cell cytoplasmic 
infiltration and interstitial edema (41), indicating the 
therapeutic potential of Rg1 in DN. Previous studies 
have shown that Rg1 combined with astragaloside IV can 
protect renal function, which may be related to antioxidant 
stress (42). In this study, we confirmed the protective effect 
of Rg1 in DN rats, and further studied the effect of Rg1 
on inflammation and oxidative stress in vitro and in vivo.

Traditional Chinese medicine has been used for thousands 
of years, which isolates have many pharmacological  
activities (43). The anti-diabetic effects of different extracts 
on animal models have been reported (44,45). As one of 
the primary bioactive ingredients in Panax notoginseng 
saponins, Rg1 has demonstrated multiple beneficial effects, 
including anti-inflammation (12) and neuroprotection (10). 
Accumulating evidence suggests that Rg1 has remarkable 
antioxidant properties. Li and Ning et al. showed that 
treatment with Rg1 markedly suppressed apoptosis 
and caspase-3 activation, and reduced ROS and MDA 
production by enhancing the antioxidant capacity of SOD 
and GSH-Px (46,47). Furthermore, Rg1 significantly 
increased cell viability and protected HK-2 cells from 
LPS-induced injury in a dose-dependent manner (12). 
Additionally, Rg1 could induce apoptosis through regulating 

the expression of apoptotic proteins (46). Consistent with 
these results, we found that Rg1 promoted cell viability and 
alleviated cell apoptosis and oxidative stress induced by HG 
in a dose-dependent manner.

As an important downstream target of PI3K/AKT, 
FOXO3 is mainly regulated by the PI3K/AKT signaling 
pathway (25,26). Song et al. reported that GSH strengthened 
the survival of brain endothelial cells by activating the 
PI3K/Akt pathway and suppressing the translocation of 
FOXO3 into the nucleus (48). In addition, further study 
showed that Rg1 inhibited apoptosis by triggering PI3K/
AKT activation and FOXO3 phosphorylation (49). Our 
study indicated that Rg1 elevated the levels of p-PI3K and 
p-AKT and reduced the FOXO3 level in the nucleus in a 
dose-dependent manner. This alteration varied with the 
addition of MK-2206. These results confirmed that the 
PI3K/AKT/FOXO3 pathway was involved in the protective 
effect of Rg1 on HG-induced HBZY-1 cells. Consistent 
with this, our findings in DN rat model also support this 
view.

In conclusion, Rg1 elevated the survival rates and 
reduced the apoptosis induced by HG in HBZY-1 cells. Rg1 
alleviated DN-induced inflammation and oxidative stress 
by promoting the PI3K/AKT/FOXO3 pathway. Rg1 may 
therefore be a new drug target against DN.
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