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Wang et al.: Mechanism of Danggui Buxue Decoction

To explore the effect and mechanism of Danggui Buxue decoction on high glucose-induced apoptotic and 
oxidative injury in human retinal vascular endothelial cells. Human retinal vascular endothelial cells were 
treated with high glucose to mimic the diabetic retinopathy condition in vitro. The 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyl-2H-tetrazolium bromide assay and flow cytometry were used to investigate cell viability and 
apoptosis. Western blot was applied to detect the proteins of apoptosis-related markers and forkhead box O4. 
The oxidative injury was assessed using enzyme-linked immunosorbent assay analysis. Human retinal vascular 
endothelial cells in high glucose group showed the decrease of cell viability and superoxide dismutase activity, 
as well as the increase of cell apoptosis rate, reactive oxygen species level and malondialdehyde content, which 
were reversed by Danggui Buxue decoction treatment in a dose-dependent manner. Subsequently, we found 
that forkhead box O4 level was elevated in high glucose-induced human retinal vascular endothelial cells, 
while Danggui Buxue decoction dose-dependently down-regulated forkhead box O4 level in human retinal 
vascular endothelial cells. Deficiency of forkhead box O4 could reverse high glucose-induced apoptotic and 
oxidative injury in human retinal vascular endothelial cells. Moreover, the inhibitory effects of Danggui Buxue 
decoction on high glucose-induced human retinal vascular endothelial cells were attenuated by forkhead box 
O4 overexpression. Danggui Buxue decoction may inhibit the apoptosis and oxidative damage of human 
retinal vascular endothelial cells induced by high glucose by down-regulating forkhead box O4. 
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Diabetes Retinopathy (DR) is a retinal vascular 
injury in diabetes patients, which has adverse 
effects on the vision of patients and can lead to 
blindness in serious cases[1]. Previous studies have 
shown that blood glucose in patients continues 
to rise during DR, which can promote apoptosis 
and oxidative damage of retinal micro vascular 
endothelium in the body in turn[2]. Due to the 
complex pathogenesis of DR, there is no effective 
treatment for the cure of DR patients and it is 
of great significance to find a safe and effective 
treatment for DR patients. 

Danggui Buxue Decoction (DBD) is a 
conventional traditional Chinese medicine first 
described in “Neiwaishang Bianhuo Lun” written 
by Dong-yuan Li[3] is composed of the root of 

the traditional Chinese medicine Astragalus 
(Huangqi, HQ) and angelica (Danggui, DG)[4]. 
Recently, pharmacological study has proposed 
the anti-inflammatory, antioxidant, anti-apoptosis 
and anticancer effects of DBD[5,6]. For example, Li 
et al.[7] showed that DBD had protective effects 
on inflammatory bowel disease via repressing 
inflammation but promoting intestinal mucosal 
repair. Additionally, DBD improved the function of 
heart through increasing mitochondrial autophagy 
but impairing cardiomyocytes apoptosis[8]. 
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However, there are few reports on the research 
of DBD on the progression of DR. Forkhead 
Box O4 (FOXO4) belongs to the FOXO family 
that has been proved to participate in modulating 
cellular homeostasis, metabolism, apoptosis 
and cell cycle through transcriptional activity[9]. 
FOXO4 exists in a variety of tissues, organs and 
its expression increases in pancreatic B cells, 
which is closely related to diabetes and the related 
complications[10,11]. Besides, it was also showed 
that Alpha-Melanocyte-Stimulating Hormone 
(α-MSH) decreased FOXO4 in diabetic retinas 
and High Glucose (HG)-challenged endothelial 
cells and FOXO4 up-regulation could reverse the 
suppressing functions of α-MSH in apoptosis and 
oxidative damage in Retinal Vascular Endothelial 
Cells (RVECs) under HG treatment[12]. However, 
whether FOXO4 was involved in the regulatory 
effects of DBD in DR remain unclear. 

Here, this study used HG-induced RVECs to 
explore whether DBD had protective effects on 
HG-induced RVECs and its potential mechanisms. 

MATERIALS AND METHODS

Cell culture and treatment:

Human RVECs (HRVECs) were purchased from 
American Type Culture Collection (ATCC) 
(Rockville, Maryland, United States of America 
(USA)) and cultured in Roswell Park Memorial 
Institute (RPMI) 1640 medium (Solarbio, Beijing, 
China) containing 10 % Fetal Bovine Serum (FBS) 
(Solarbio), 2 mM L-glutamine (Solarbio) and 1 % 
penicillin-streptomycin (Solarbio) at 37° with 5 % 
Carbon dioxide (CO2). 
In HG group, HRVECs were cultured in RPMI-1640 
complete medium containing 30 mmol/l glucose. 
Cells cultured with 5.5 mmol/l glucose were used 
as control. HRVECs were incubated with DBD at 
concentrations of 100, 200 or 400 mg/l for 30 min, 
followed by HG stimulation. 

Vector construction: 

The specific small interfering Ribonucleic Acid 
(siRNA) targeting FOXO4 (si-FOXO4), FOXO4 
plasmid cloning Deoxyribonucleic Acid (pcDNA) 
3.1 overexpressing vector (FOXO4) and the 
matching control (si-NC or vector) were synthesized 
by Gene Pharma (Shanghai, China). Then they 
were transfected into HRVECs according to the 

instructions of Lipofectamine™ 3000 (Invitrogen). 
After transfection, cells were subjected to HG 
stimulation and then incubated in HG condition for 
subsequent analysis. 

3-(4 ,5-Dimethyl thiazol -2-y l ) -2 ,5-Diphenyl 
Tetrazolium Bromide (MTT) assay: 

HRVECs collected from different groups were 
seeded in 96-well plates and then 20 µl of MTT 
solution (Solarbio) was incubated with the cells 
for 4 h, followed by reacting with 150 μl dimethyl 
sulfoxide. The absorbance value at 490 nm was 
tested with a spectrophotometer. 

Flow cytometry:

HRVECs collected from different groups were 
adjusted to 1.0×106/ml, then cells were incubated with 
10 μl Annexin V-Fluorescein Isothiocyante (FITC) 
and 10 μl Propidium Iodide (PI) (BD Biosciences, 
San Diego, California, USA) in dark for 10 min. The 
apoptosis was detected by flow cytometry. 

Western blot:

The protein was extracted using Radio-
Immunoprecipitation Assay (RIPA) buffer 
(Beyotime, Shanghai, China) and then separated 
by 10 % Sodium Dodecyl Sulphate-Polyacrylamide 
Gel Electrophoresis (SDS-PAGE) gel (the voltage 
was set at 90 V, the duration was 3 h), followed by 
shifting onto Polyvinylidene Difluoride (PVDF) 
membranes. Thereafter, the membranes were probed 
with primary antibodies against B-cell lymphoma 2 
(Bcl-2) (ab692, 1:2000), Bcl-2 Associated X-Protein 
(BAX) (ab32503, 1:2000), Glyceraldehyde 
3-Phosphate Dehydrogenase (GAPDH) (ab181602, 
1:5000), FOXO4 (ab128908, 1:2000) at 4° for 12 h 
and appropriate secondary antibodies for 1 h at 37°. 
The antibodies were provided by Abcam (Cambridge, 
Massachusetts, USA). An Electrochemiluminescence 
(ECL) assay kit (Beyotime) was applied to assess the 
protein bands.

Enzyme-Linked Immunosorbent Assay (ELISA):

HRVECs collected from different groups were 
centrifuged at 2000 g for 10 min and cell supernatant 
was collected. Then the contents of Reactive Oxygen 
Species (ROS), Malondialdehyde (MDA) and 
Superoxide Dismutase (SOD) were detected using 
the ELISA kits (Abcam) based on the manufacturer’s 
instructions. 
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Statistical analysis:

Results were manifested as the mean±Standard 
Deviation (SD). Comparisons between groups were 
conducted using Student’s t-test (two group) or one-
way analysis of variance (more than two group). 
p<0.05 indicated statistically significant difference.

RESULTS AND DISCUSSION
As shown in Table 1, fig. 1A and fig. 1B, HG 
stimulation lead to the inhibition of HRVEC viability 
and the promotion of cell apoptosis evidenced by 
increased apoptosis rate and pro-apoptotic BAX 
protein as well as decreased anti-apoptotic Bcl-2 
protein; besides that, DBD treatment could reverse 
HG induced cell viability inhibition and cell 
apoptosis promotion in a dose-dependent manner. 

HG stimulation markedly increased the ROS level 
and MDA content, but decreased the SOD activity 
in HRVECs (Table 2). Compared with HG group, 
DBD treatment dose-dependently decreased the 
contents of ROS and MDA, and increased SOD level 
in HRVECs as shown in Table 2.

The expression of FOXO4 protein in the HG group 
was increased significantly related to the control 
group. In addition, DBD treatment dose-dependently 
decreased the levels of FOXO4 in HRVECs as shown 
in fig. 2 and Table 3. 

As shown in Table 4 and fig. 3, the transfection 
of si-FOXO4 significantly reduced the levels of 
FOXO4 compared with si-NC transfection. Besides 
that, knockdown of FOXO4 abolished HG-induced 
inhibition of cell viability, promotion of cell 
apoptosis, decline of Bcl-2 levels and elevation of 
BAX levels in HRVECs. Knockdown of FOXO4 
markedly reduced the levels of ROS and MDA, while 
increased the content of SOD in HRVECs under HG 
stimulation as shown in Table 5.

As shown in Table 6, DBD treatment led to the 
decrease of FOXO4 protein level in HG-induced 
HRVECs, which was rescued by FOXO4 transfection. 
Functionally, DBD attenuated HG-induced cell 
viability inhibition and apoptosis promotion in 
HRVECs, while these effects mediated by DBD 
treatment were abolished by FOXO4 overexpression 
as shown in fig. 4 and Table 6.

Group Cell viability (%) Apoptosis rate (%) Bcl-2 BAX

Control 98.7±8.4 8.5±0.4 0.72±0.06 0.33±0.03

HG 41.5±3.9* 27.2±2.3* 0.29±0.02* 0.76±0.07*

HG+100 mg/l DBD 53.2±5.3# 22.4±1.9# 0.38±0.03# 0.62±0.06#

HG+200 mg/l DBD 65.6±5.4# 18.5±1.4# 0.45±0.04# 0.54±0.05#

HG+400 mg/l DBD 72.5±7.1# 12.7±1.2# 0.61±0.05# 0.46±0.04#

F 109.071 200.886 151.25 87.733

p 0.000 0.000 0.000 0.000

Note: Compared with the control, *p<0.05 and compared with the HG, #p<0.05

TABLE 1: THE EFFECTS OF DBD ON THE VIABILITY AND APOPTOSIS OF HRVECs

Fig. 1: The detection of cell apoptosis and apoptosis-related protein, (A): Flow cytometry for cell apoptosis and (B): Western blot for the levels of 
BAX and Bcl-2
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Group ROS (μmol/g) MDA (nmol/mg) SOD (U/mg)

Control 42.5±5.4 3.3±0.5 135.6±11.8

HG 98.7±8.8* 10.2±1.2* 72.3±6.7*

HG+100 mg/l DBD 86.9±7.2Z# 8.4±0.5# 88.2±8.4#

HG+200 mg/l DBD 71.3±7.1# 6.2±0.7# 95.3±8.7#

HG+400 mg/l DBD 56.9±4.5# 4.8±0.4# 116.7±10.4#

F 99.728 132.429 63.152

p 0.000 0.000 0.000

Note: Compared with the control, *p<0.05 and compared with the HG, #p<0.05

TABLE 2: THE EFFECTS OF DBD ON THE OXIDATIVE STRESS OF HRVECs

Fig. 2: Western blot analysis for the levels of FOXO4 in HRVECs

Group FOXO4 protein

Control 0.34±0.04

HG 0.75±0.06*

HG+100 mg/l DBD 0.62±0.05#

HG+200 mg/l DBD 0.53±0.05#

HG+400 mg/l DBD 0.45±0.04#

F 94.081

p 0

Note: Compared with the control, *p<0.05 and compared with the HG, #p<0.05

TABLE 3: THE EFFECTS OF DBD ON THE EXPRESSION OF FOXO4 IN HRVECs

Group FOXO4 Cell viability (%) Apoptosis rate (%) Bcl-2 BAX

HG+si-NC 0.72±0.04 43.5±3.8 27.8±2.9 0.31±0.04 0.73±0.06

HG+si-FOXO4 0.47±0.04* 62.7±6.5* 13.5±1.1* 0.52±0.04* 0.54±0.04*

t 13.258 13.159 21.403 11.137 7.904

p 0 0 0 0 0

Note: Compared with the HG+si-NC group, *p<0.05

TABLE 4: THE EFFECTS OF FOXO4 DOWN-REGULATION ON THE VIABILITY AND APOPTOSIS OF HRVECs
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Fig. 3: The detection of cell apoptosis and apoptosis-related protein, (A): Flow cytometry for cell apoptosis and (B): Western blot analysis for the 
levels of BAX and Bcl-2

Group ROS (μmol/g) MDA (nmol/mg) SOD (U/mg)

HG+si-NC 95.3±8.5 9.7±0.9 76.9±6.8

HG+si-FOXO4 62.8±6.4* 6.2±0.6* 92.5±8.3*

t 9.164 9.707 4.362

p 0.000 0.000 0.000

Note: Compared with the HG si-NC, *p<0.05

TABLE 5: THE EFFECTS OF FOXO4 DOWN-REGULATION ON THE OXIDATIVE STRESS OF HRVECs

Group FOXO4 Cell viability 
(%)

Cell 
apoptosis (%) Bcl-2 BAX ROS 

(μmol/g)
MDA (nmol/

mg)
SOD  

(U/mg)

HG+400 mg/l 
DBD+vector 0.42±0.04 74.7±6.9 11.9±1.4 0.59±0.05 0.43±0.05 52.4±5.1 4.9±0.5 121.7±11.3

HG+400 mg/l 
DBD+FOXO4 0.58±0.05* 52.8±4.6* 16.2±1.5* 0.43±0.04* 0.61±0.04* 63.3±5.4* 6.3±0.5* 104.7±8.2*

t 7.496 7.923 6.287 7.496 8.433 4.402 5.940 3.653

p 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002

Note: Compared with the HG+400 mg/l DBD+FOXO4 group, *p<0.05

TABLE 6: DBD TREATMENT REGULATES HG-INDUCED HRVEC INJURY VIA FOXO4

Fig. 4: DBD attenuated HG-induced cell viability inhibition and apoptosis promotion in HRVECs, (A): Flow cytometry for cell apoptosis and (B): 
Western blot analysis 
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Hyperglycemia remains the major cause of DR, 
which is able to induce the damage of endothelial 
cells via stimulating pathological metabolism and 
biochemical changes, thus initiating multifactorial 
pathology in DR process[13-16]. Therefore, protecting 
endothelial cells from hyperglycemia-induced 
damage may be beneficial for the development of 
novel therapeutic method for DR prevention. MDA 
is one of the products of lipid peroxidation and its 
expression can indirectly reflect the oxidative stress 
level of cells, SOD is an important antioxidant 
enzyme, which can remove oxygen free radicals[17-19]. 
Oxidative stress reflects an imbalance between pro/
anti-oxidant and is harmful to cells owing to the 
excessive generation and accumulation of ROS[20,21]. 
In the current work, we showed that the apoptosis 
rate, the levels of MDA and ROS in the HRVECs 
were significantly increased after HG stimulation, 
while SOD activity and the viability in the cells was 
decreased, suggesting that HG induced excessive 
oxidative and apoptotic injury in HRVECs.

DBD is a conventional traditional Chinese medicine 
that is widely used due to its hematopoietic effect 
and extraordinary immune regulation[22]. Besides, it 
has been proved that DBD plays a significant role 
in diabetes and diabetes-related complication. For 
example, DBD could ameliorate the water intake 
and body weight loss in diabetic atherosclerosis 
rat model by inhibiting inflammatory response[23]. 
DBD decreased HG-induced extracellular matrix 
accumulation and proliferation inhibition in 
glomerular meningeal cell, thereby involving in 
regulating diabetic nephropathy[24,25]. Herein, we 
found that DBD treatment could dose-dependently 
reverse HG-induced cell viability inhibition, cell 
apoptosis promotion and oxidative suppression 
in HRVECs. In all, DBD impaired HG-induced 
oxidative and apoptotic injury in HRVECs, implying 
the therapeutic value of DND in DR. 

FOXO4 is widely expressed in the body and can 
mediate insulin-like growth factor to participate in 
cell growth, differentiation, apoptosis, oxidative 
stress and other key processes, and is closely 
related to diabetes and its complications[26,27]. For 
example, inhibition of FOXO4 could activate C1q/
TNF-Related Protein-3 (CTRP3), thereby inhibiting 
HG-stimulated oxidative injury in retinal pericytes 
during DR[28]. Moreover, Zhang et al.[29] showed that 
microRNA 29a/b inhibition was able to promote 
DR exasperation via destroying the function of 

Müller cells by increasing FOXO4. In this work, we 
confirmed that FOXO4 expression was elevated in 
HG-induced HRVECs, moreover, we also confirmed 
that knockdown of FOXO4 could protect HRVEC 
from HG-induced oxidative and apoptotic injury 
in HRVECs. Importantly, we also discovered that 
DBD treatment was able to decrease the levels of 
FOXO4 in a dose-dependently manner in HRVECs. 
Functionally, overexpression of FOXO4 abolished 
the protective effects of DBD on HG-stimulated 
HRVECs. 

Collectively, DBD could inhibit HG-induced 
oxidative and apoptotic injury in HRVECs via 
decreasing the expression of FOXO4, implying that 
DBD may be developed into a novel and effective 
approach for DR intervention. 
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