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Abstract This research aimed to investigate whether

diabetic blood-stasis syndrome had a relationship with

ROS-ERK1/2 signaling pathway in rat retina Müller

cells and explore the effects of traditional Chinese

drugs designed for promoting blood circulation to

remove blood stasis on diabetic retinopathy (DR)

treatment. Immunofluorescence was applied to deter-

mine purity of Müller cells. The diabetes was induced

in rats by streptozotocin (STZ). Müller cells were

stimulated by blood serum obtained from rats with

blood-stasis syndrome and then treated by Xuefu

Zhuyu decoction. Kits for reactive oxygen species

(ROS), superoxide dismutase (SOD) and glutathione

(GSH) were used for corresponding detection. Wes-

tern blot analysis was used to determine the phospho-

rylation of ERK1/2. The results indicated that

stimulation of Müller cells by blood serum of rats

with diabetic blood-stasis syndrome increased the

expression of ROS, inhibited SOD and GSH, and

activated ERK1/2 signaling pathway. Treatment of

Xuefu Zhuyu decoction could weaken this phe-

nomenon. What’s more, similar effects of ERK1/2

inhibitor U0126 with Xuefu Zhuyu decoction proved

the involvement of ERK1/2 signaling pathway. There-

fore, our results suggested that traditional Chinese

drugs for promoting blood circulation to remove blood

stasis would be an effective therapy to treat DR.
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Introduction

Along with the improvement of life standards, the

number of patients with diabetic mellitus (DM), which

is a lifelong epidemic disease, has been increasing

rapidly in the recent years. Among the various

complications induced by DM, diabetic retinopathy

(DR) has been considered as one of the most common

and serious diseases, and a leading cause of blindness

in the working age population worldwide (Calcutt

et al. 2009). DR is characterized by gradually

progressive alterations in the retinal microvasculature,

leading to loss of retinal capillary and pre-retinal

neovascularization. Injury of neurons and glia also

occur during DR (Simó and Hernández 2014;

Valverde et al. 2013; van Dijk et al. 2012). Recently,
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clinical research has indicated that the development

and progression of DR were closely related to blood-

stasis syndrome, which is a theory in traditional

Chinese medicine (Yin et al. 2009; Yue et al. 2017).

Blood-stasis syndrome is characterized by the stasis

formed by unsmooth blood circulation and subsequent

dissipation of bleeding which were caused by defi-

ciency and circulation stagnation of vital energy (Chen

et al. 2016; Liao et al. 2016). Since blood-stasis

syndrome could be related to DR, the clinical appli-

cation of blood-invigorating and stasis-removing

herbs in DR patients would be possible (Fang et al.

2012; Pei and Gao 2015). Moreover, the demonstra-

tion of molecular mechanism underlying the effects of

traditional Chinese drugs for promoting blood circu-

lation and removing stasis on DR could provide

theoretical basis for the treatment of DR.

In the past decades, accumulating evidence has

indicated that elevated oxidative stress was involved

in the pathogenesis of DM and its complications

(Baynes 1991). Particularly, retina is more likely to be

affected by oxidative stress because of the high energy

demands and exposure to light (Kumari et al. 2008).

Indeed, previous research concerning the pathogenesis

of DR illustrated the involvement of several molecular

mechanisms, such as inflammation, the polyol path-

way, the flux of hexosamine pathway and protein

kinase C (PKC) pathway (Brownlee 2005; Kowluru

and Chan 2007). Interestingly, all of the mechanisms

seem to be associated with the over-production of

reactive oxygen species (ROS) (Brownlee 2005).

Further combining the relationship between blood-

stasis syndrome and DR, research of the relationship

between blood-stasis syndrome and ROS would be of

great importance and has rarely been reported. Actu-

ally, one piece of research has revealed that the

elevation of NADPH oxidase concentration increased

the generation of ROS, which leads to change of blood

stasis syndrome, thus exacerbating the pathological

process of blood stasis syndrome with myocardial

ischemia (Wang et al. 2011).

Mitogen-activated protein kinase (MAPK) is a

group of protein kinases which is distributed in the

cytoplasm and could be phosphorylated at both Ser

and Tyr sites (Takahashi et al. 2005). It is an important

signaling pathway to mediate cell response and plays a

key role in the regulation of gene expression and

cytoplasmic function (Takahashi et al. 2005). As a

member in the MAPK family, extracellular signal-

regulated kinases (ERK1/2) possesses important anti-

apoptosis function (Musiolik et al. 2010). Increasing

evidence proved that MAPK, especially ERK1/2,

signaling pathway was involved in the ROS-induced

cell injury, indicating ERK1/2 as the potential down-

stream of ROS (Chen et al. 1995; Guyton et al. 1996;

Lander 1997). Accordingly, previous studies have

indicated that the inhibition of ERK1/2 signaling

pathway could increase the apoptosis induced by

oxidative stress injury (Gabryel et al. 2006). Besides,

our previous research reported that ERK1/2 signaling

pathway mediated the over-expression of VEGF in DR

and regulated the upstream of VEGF in Müller cells,

indicating the key role of ERK1/2 in the development

and progression of DR (Ye et al. 2012). However, we

were still wondering whether ERK1/2 signaling

pathway is the underlying mechanism of the effects

of blood-stasis syndrome on DR through over-pro-

duction of ROS.

Based on all the aforementioned background, in

this study, we chose the major glia cells in the retina of

rats, Müller cells, to study the effects and mechanism

of diabetic blood-stasis syndrome injury. This

research model was established based on normal

Müller cells through the stimulation by high glucose

medium or the serum of rats with induced diabetic

blood-stasis syndrome (Tien et al. 2017; Zhao et al.

2012). This method has been considered as an

important and credible method for studying blood-

stasis syndrome in traditional Chinese medicine. This

work aimed to investigate the effects of diabetic

blood-stasis syndrome on production of ROS and

activation of ERK1/2 signaling pathway in Müller

cells. Moreover, Xuefu Zhuyu decoction is a com-

mercially available Chinese medicine and has been

reported to possess therapeutic effects on diseases

such as traumatic brain injury (Xing et al. 2016),

hypoxia/reoxygenation injury of cadiomyocytes (Shi

et al. 2017) and primary dysmenorrhea (Zhou et al.

2014). Herein, the effects of Xuefu Zhuyu decoction

on production of ROS and activation status of ERK1/2

signaling pathway was also demonstrated because of

its capability of promoting blood circulation and

removing blood stasis. It would provide experimental

evidence for the treatment of DR by traditional

Chinese drugs on the molecular level, and the

development of a treatment strategy against DR in

clinic.
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Materials and methods

Materials

One hundred male Sprague–Dawley (SD) rats weigh-

ing 250 ± 20 g were purchased from Shanghai Jiesi-

jie Experimental Animals Co., Ltd (Shanghai, China).

Streptozotocin and U0126 were obtained from Selleck

Chemicals (Houston, Texas, TX, USA). The medic-

inal materials of Xuefu Zhuyu decoction were

acquired from Shenzhen Resources Sanjiu Modern

Chinese Medicine Co., Ltd (Shenzhen, Guangdong,

China). The primary antibodies used in the western

blotting such as anti-ERK1/2 monoclonal antibodies

(mAb), anti-p-ERK1/2 mAb, and anti-GAPDH mAb

were purchased from Cell Signaling Technology

(Danvers, Massachusetts, MA, USA), as well as the

secondary antibodies conjugated with HRP.

Experimental diabetes induction and screening

for blood-stasis syndrome rats

This study was approved by the Ethic Committee of

EYE & ENT Hospital and Eye Institute of Fudan

University. One hundred male Sprague–Dawley (SD)

rats weighing 250 ± 20 g were assigned randomly to

diabetes group or non-diabetes group (normal group),

among them 10 normal rats as control in the normal

group. The rats were kept in a specific pathogen-free

environment (18–23 �C, indoor humidity 45–60%,

water was sterilized by high temperature, sterile

mattress was replaced twice a week, 12/12 day/night)

and fed with normal diet purchased from LabDiet, Inc.

(St. Louis, MO, USA). Diabetic rat models (DM

group) were established through a single injection of

streptozotocin (60 mg/kg body weight) by intraperi-

toneal route (Hossain et al. 2016), while citrate buffer

(6 ml/kg) was injected into normal rats using the same

method. Three days after injection, the rats with blood

glucose levels above 16.7 mM were considered as

diabetic models induced successfully. Twelve weeks

after establishment, the diabetic rats with characteri-

zations including obscure fur and feather, nigrescent

ears and lips, deeply purple onyx and tails and

hemangiectasis in cornea and ears were screened as

the blood-stasis syndrome rats (Chen 2012). Then,

these blood-stasis syndrome rats were classified into

four intervention groups: (1) low dosage Xuefu Zhuyu

decoction group (8 g/10 ml) (low dose group); (2)

middle dosage Xuefu Zhuyu decoction group (16 g/

10 ml) (middle dose group); (3) high dosage Xuefu

Zhuyu decoction group (32 g/10 ml) (high dose

group); (4) Placebo group (1 ml/100 g of distilled

water). The dose of Xuefu Zhuyu decoction was

calculated according to the human and mice dose

conversion method in the second edition of ‘‘Exper-

imental Zoology’’. The conversion coefficient

between human (* 70 kg) and mice (* 20 g) is

0.0026. Xuefu Zhuyu decoction and distilled water

were lavaged to the blood-stasis syndrome rats. The

recipe of Xuefu Zhuyu decoction was demonstrated as

follow: 12 g of Peach seed, 9 g of Flos carthami, 9 g

of Angelica sinensis, 9 g of Radix rehmanniae recen,

5 g ofRhizoma chuanxiong, 6 g ofRed peony root, 9 g

of Achyranthes bidentate, 3 g of Bupleurum, 5 g of

Radix platycodi, 6 g of Fructus aurantii and 3 g of

Radix glycyrrhizae. These medicinal materials were

steeped and boiled in water, and concentrated into

liquid pharmaceuticals of 2 g/ml, and then stored at

4 �C after sterilization.

After observation for 4 weeks, the diabetic blood-

stasis syndrome rats were sacrificed through anesthe-

sia of chloral hydrate, and the blood sample from the

rats of different intervention groups was separated

from blood in abdominal aorta and then centrifuged

for 15 min at 3000 rpm at 4 �C to obtain serum. Next,

the serum was inactivated for 30 min at 56 �C, filtered

with 0.22 lm Millipore filter and stored at - 80 �C.

Hematoxylin–eosin staining

After all rats were sacrificed through anesthesia of

chloral hydrate, the pancreas of some randomly

selected rats in both diabetes and normal groups were

acquired and then they were fixed with 10%

paraformaldehyde (PFA). Subsequently, the paraffin-

embedded sections were prepared for histological

analysis. The slices were cut with 5 lm sections and

next stained respectively in dye liquor of hematoxylin

and eosin for histological evaluation. Finally, these

slices were analyzed under a microscope (Olympus,

Tokyo, Japan).
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Primary Müller cell culture and treatment

with the blood serum of blood-stasis syndrome rats

and U0126

Retinas were isolated from the eyeball of new-born SD

rats under a biological dissection microscope. Subse-

quently, the isolated retinas were digested with 1%

trypsin for 5 min with phosphate-buffered saline

(PBS) washing for 45 min and then the supernatant

was removed, and the dissociated retinal cells were

cultured in Dulbecco’s modified Eagle’s medium

(DMEM) (Gibco, Thermo Fisher Scientific Inc.,

Carlsbad, CA, USA) containing 15% fetal bovine

serum (FBS) (Gibco, Thermo Fisher Scientific Inc.,

Carlsbad, CA, USA) and 5.5 mM glucose in a

humidified atmosphere of 95% air plus 5% CO2 at

37 �C. Seven days later, the aggregates and cellular

debris in the medium were dislodged and this

promoted to generate a purified flat cell preparation.

In the culture process, confluent cultures were pas-

saged 3 times for all the experiments and the medium

was replaced at 24 h before the treatment. The purity

of these isolated cells was evaluated by immunoflu-

orescence microscopy using glial fibrillary acidic

protein (GFAP) antibodies and 40,6-diamidino-2-

phenyl-indole (DAPI) staining. The positive cells for

GFAP and DAPI were used three passages and to treat

with the blood serum of blood-stasis syndrome rats

and U0126.

The blood serum from different groups of rats was

acquired as described above and added into DMEM at

a concentration of 50 ml/l respectively. The stimula-

tion time was 48 h. Furthermore, all groups were

treated with U0126 (Cell Signaling Technology,

Boston, Massachusetts, MA, USA) in dosage of

0.02 mM for 24 h.

Immunofluorescence

To evaluate the purity of the isolated Müller cells and

these cells were treated in 30 mM glucose for 24 h.

Then, the isolated cells were fixed in 4%

paraformaldehyde (PFA) with 0.01 M PBS for

20 min. Subsequently, the Müller cells were perme-

abilized with 0.3% Triton X-100 for 30 min and 5%

goat serum for 45 min, and next incubated with GFAP

antibodies overnight at 4 �C (1:200). Afterwards, the

Müller cells were incubated in FITC conjugated

secondary antibodies for 30 min. Eventually, the

nuclei of these Müller cells were stained using DAPI.

The final slides were observed under a confocal

microscopy (Leica TCS SP2, Germany).

Detection of ROS, SOD and GSH

Intracellular amount of ROS was measured by ROS

assay kit (Beyotime, Jiangsu, China) according to the

manufacturer’s instructions through flow cytometry

and analyzed by flowjo software.

The detection of SOD and GSH which was

performed to detect the SOD and GSH concentration

in the supernatants of Müller cells was assayed using

SOD and GSH kit (Beyotime, Jiangsu, China) follow-

ing the manufacturer’s instructions.

Western blot analysis

Cells were lysed by ice-cold Lysis Buffer (30 mM

Tris–HCl pH 7.5, 5 mM EDTA, 1% Triton X-100,

250 mM sucrose, 1 mM Sodium vanadate and pro-

tease inhibitor cocktail), then total proteins were

extracted. Proteins were respectively added to gel for

electrophoresis, and then transferred to a polyvinyli-

dene difluoride (PVDF) membrane. After blocking

with 5% non-fat milk at room temperature for 1 h,

primary antibodies were bound overnight at 4 �C. In

the next day, the PVDF membrane was incubated with

corresponding secondary antibodies at room temper-

ature for 2 h. Each membrane was visualized with

ECL-plusTM Western blotting system (Amersham,

Buckinghamshire, UK), and were detected by X-ray

imaging analyzer (Eastern Kodak, Rochester, NY,

USA). Membranes were scanned with ImageJ to

quantify band intensity.

Statistical analysis

All experiments were repeated at least three times in

this study. All data are shown as mean ± SD and

GraphPad Prism 5 software (GraphPad Software, Inc.,

La Jolla, California, CA, USA) was used for statistical

analysis. Differences between two groups were deter-

mined with paired or unpaired Student’s t-tests.

ANOVA was used for multiple comparisons.

P\ 0.05 was considered as statistical significant.
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Results

Purity evaluation of Müller cells

Müller glia are profoundly involved in the phys-

iopathology of DR. It has been revealed that the

activation of Müller cells, proved by over-expression

of Glial Fibrillary Acidic Protein (GFAP), could be

used as the first histologic hall-mark of DR (Ahmad

et al. 2011; Mizutani et al. 1998). Therefore, Müller

cells have been widely used in the study of DR and was

also used as the research model in this study. The third

generation of Müller cells isolated from the retina of

new-born SD rats were cultured (Fig. 1a). Then

immunofluorescence based on glial fibrillary acidic

protein (GFAP) antibodies and DAPI staining was

utilized to evaluate the purity of Müller cells. As

shown in Fig. 1b, the blue fluorescence of DAPI

staining demonstrated that the isolated Müller cells

had high purity. Besides, we found that more than 95%

Müller cells exhibited green fluorescence, which

suggested that Müller cells had strong GFAP

immunoreactivity.

Over-production of ROS in Müller cells

under hyperglycemia

In order to confirm the ability of Müller cells to

produce ROS in hyperglycemia, concentrations of

ROS in Müller cells treated with high concentration of

glucose (HG group), mannitol (HM group, as negative

control) or both glucose and N-acetyl-L-cysteine (a

commonly used anti-oxidant agent, LNAC group)

were detected via flow cytometry and compared with

the Müller cells cultured in normal condition. As

shown in Fig. 2, the results exhibited that the

treatment with high concentration of glucose distinctly

increase the concentration of ROS in Müller cells

compared with both control group and HM group,

proving the over-production of ROS in hyper-

glycemia. Moreover, as expected, the increased ROS

concentration could be decreased upon the treatment

of LNAC which is a well-known ROS inhibitor.

Establishment of diabetic blood-stasis syndrome

rat models

In this study, the DM rats model was induced by

streptozotocin (STZ), which could selectively damage

the pancreatic b cells and cause cell necrosis to induce

the decrease of blood insulin level and increase of

blood sugar, finally forming an insulin dependent

diabetes model (Gerhardinger et al. 2005). After

injection of STZ, blood glucose and body weight of

SD rats were measured as the representative param-

eters to confirm the successful establishment of the

diabetic rat models. The blood glucose level was

strikingly increased in rats of diabetes group compared

with normal group even in the first week of treatment

(P\ 0.01, Fig. 3a). Moreover, the mean body weight

Fig. 1 Results of determining the purity of Müller cells.

Morphology of Müller cells a in good condition was pho-

tographed and then the immunofluorescence b was performed to

detect the purity of Müller cells: a the DAPI staining for nucleus

of Müller cells; (b, d) the green fluorescence of GFAP in Müller

cells; (c) the DAPI staining for nucleus of Müller cells with the

secondary antibodies conjugated-FITC; d the Müller cells just

with the secondary antibodies conjugated-FITC as control
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of rats in normal group gradually increased while that

in the diabetes group slightly decreased and was

always lower than that in normal group (P\ 0.01,

Fig. 3b). A portion of the rats in the diabetes group

presented obvious cataract-related symptoms (Fig. 3c)

and classic symptoms of blood-stasis syndrome such

as obscure fur and feather, nigrescent ears and lips,

deeply purple onyx and tails and hemangiectasis in

cornea and ears. Moreover, the serum of these rats

were feculent (Fig. 3d). Notably, only the rats with the

symptoms of diabetic blood-stasis syndrome were

investigated in this study as the DM group while the

rest of the diabetic rats were excluded.

Subsequently, some rats were randomly selected

from both DM or normal groups and eviscerated

pancreas for hematoxylin–eosin (H&E) staining. The

results demonstrated that, compared with the normal

group, the DM group exhibited interstitial edema,

necrosis, catheter expansion, incomplete cell structure

accompanied by a small amount of hemorrhage

(Fig. 3e), which suggested the successful establish-

ment of diabetic rat model again. Noteworthy, only

mild oedema of the glandular interstitium, mild

fibrosis, mild catheter dilation accompanied by a

small amount of hemorrhage could be observed in the

Xuefu Zhuyu decoction treatment group (Fig. 3e),

indicating the pharmaceutical effect of Xuefu Zhuyu

decoction.

Diabetic blood-stasis syndrome increased

the concentrations of SOD and GSH in Müller cells

As the most important endogenous anti-oxidants, the

changes of superoxide dismutase (SOD) and glu-

tathione (GSH) could be used to evaluate the level of

oxidative stress. Herein, in order to investigate the

effects of diabetic blood-stasis syndrome on oxidative

stress and the potential pharmaceutical effect of Xuefu

Zhuyu decoction, SOD and GSH were detected in

Müller cells, which were treated with the serum of the

rats in DM or normal groups and followed by the

treatment of Xuefu Zhuyu decoction in different

doses. As shown in Fig. 4, the expression of SOD

and GSH exhibited similar variation tendency: treat-

ment of diabetic blood-stasis syndrome rats’ serum

distinctly decreases concentrations of SOD and GSH

compared with the serum of rats in normal group,

indicating the over-production of ROS indirectly and

the deepened oxidative stress; treatment of Xuefu

Zhuyu decoction could reverse the inhibition of blood-

stasis syndrome on SOD and GSH in a dose-dependent

manner.

Fig. 2 Results of ROS expression in Müller cells treated with high mannitol or glucose. After treatment of Müller cells with high

concentration of mannitol or glucose for 6 h or 12 h, the concentration of ROS was detected with flow cytometry
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Diabetic blood-stasis syndrome activated ERK1/2

signaling pathway in Müller cells

To further explore the molecular mechanism of the

effects of diabetic blood-stasis syndrome on DR, the

enhanced activation of ERK1/2 was observed by

western blot analysis in Müller cells treated with

serum of rats in DM group. Moreover, U0126, which

is a commonly used inhibitor of ERK1/2 signaling

pathway, was also used for verification. As shown in

Fig. 5, the phosphorylation as well as activation of

ERK1/2 was observed in the DM group serum treated

Müller cells which could be almost completely

eliminated by U0126, indicating the role of diabetic

blood-stasis syndrome in the activation of ERK1/2

signaling pathway. Moreover, treatment of Xuefu

Zhuyu decoction in different doses could inhibit the

blood-stasis syndrome induced activation of ERK1/2

signaling pathway to different extent. Considering that

ERK1/2 is the downstream of ROS, the obtained

results were in consistent with our aforementioned

results in the evaluation of oxidative stress.

Fig. 3 Results of screening for diabetic blood stasis syndrome

rats. After injection of STZ into the SD rats by intraperitoneal

route, the blood glucose levels (a) and body weight (b) of all SD

rats were measured every week. Then, to screen for diabetic rats

with blood-stasis syndrome, the cataract-related symptoms

(c) and blood serum (d) were observed and photographed.

e The pancreas of some rats in normal (a, d), diabetes (b, e) and

Xuefu Zhuyu decoction treatment (c, f) groups were acquired,

the pancreas islets structure was inspected by H&E staining. The

magnification is 100 for a–c; 200 for d–f. The data were

expressed as mean ± SD, P value less than 0.05 was considered

statistically significant, ‘ns’ indicates no significance,

*P\ 0.05, **P\ 0.01, ***P\ 0.001
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U0126 inhibited the increase of ROS expression

in Müller cells

Finally, for the sake of further establishing the

relationship between the diabetic blood-stasis syn-

drome induced expression of ROS and activation of

ERK1/2, ROS concentrations were measured in the

serum-stimulated Müller cells upon the treatment of

Xuefu Zhuyu decoction and U0126. As shown in

Fig. 6, the over-production of ROS induced by

diabetic blood-stasis syndrome, as well as the dose-

dependent pharmaceutical effect of Xuefu Zhuyu

decoction against ROS over-expression, were directly

proved. Moreover, on this basis, the expression of

ROS could be further inhibited upon the addition of

U0126. These results showed that the blockage of

ERK1/2 signaling pathway with U0126 could abolish

the effects of blood-stasis syndrome on not only the

phosphorylation of ERK1/2 signaling pathway, but

also ROS expression in Müller cells. It indicates that

the influence of blood-stasis syndrome on the devel-

opment and progression of DR is through ROS-ERK1/

2 signaling pathway.

Fig. 4 Diabetic blood-stasis syndrome inhibited the activity of

SOD and GSH in Müller cells. After stimulated by the serum

from different groups of blood-stasis syndrome rats and

followed by treatment of Xuefu Zhuyu decoction in different

dosages, the expressions of SOD (a) and GSH (b) were detected

in Müller cells. The data were expressed as mean ± SD

Fig. 5 U0126 blocked the activation of ERK1/2 signaling

pathway in Müller cells. After stimulated by the serum from

different groups of blood-stasis syndrome rats, U0126 was

added into the culture medium of Müller cells and incubated for

24 h. Subsequently, western blot analysis was conducted to

detect the expression levels of p-ERK1/2 and ERK1/2. The data

were expressed as mean ± SD, P value less than 0.05 was

considered statistically significant, *P\ 0.05, **P\ 0.01,

***P\ 0.001
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Discussion

In this study, the function of Xuefu Zhuyu decoction,

which is an ancient Chinese medicine recipe for

removing blood stasis, on DR was studied for the first

time. As is well known, DR is one of the most common

and serious complications induced by DM that is

present in nearly all patients with DM for more than

15 years (Hans-Peter et al. 2011; Klein et al. 1984). In

spite of the rapid development of medical technology,

traditional therapies for DR such as retinal photoco-

agulation and vitreous surgery could only be applied to

patients in middle or late stage of disease to alleviate

the progression. However, the visual function of these

patients has been injured irreversibly (Hernández et al.

2017; Stewart 2017). Therefore, development of

therapy strategies for early diagnosis and intervention

is of great significance for DR patients. It has been

observed in clinic that blood-stasis syndrome, which is

a diagnosis that indicates very strong sense of

traditional Chinese medicine, could be related to the

development and progression of DR (Yin et al. 2009;

Yue et al. 2017). Accordingly, traditional Chinese

drugs designed for promoting blood circulation and

removing stasis could reasonably exhibit therapeutic

effect for DR which actually has been reported by

several groups (Fang et al. 2012; Pei and Gao 2015;

Yang and Wang 2011). For example, it has been

reported that Fu Fang Xue Shuan Tong capsule

combined with Calcium Dobesilate can improve retina

and reduce the recurrence rate, the levels of hs-CRP,

VEGF and Insulin-like Growth Factor-1 (IGF-1), thus

delaying the proliferation of blood vessels in the

patients with DR (Fang et al. 2012; Pei and Gao 2015).

Moreover, Gegen Qinlian decoction plus Salvia mil-

tiorrhiza displayed preventive and therapeutic effect

for DR and could increase perivascular cells, reduce

thickness of basement membrane of blood vessel and

stop blood vessel obstruction (Yang and Wang 2011).

Herein, our results also reveal the involvement of

ROS over-production in the regulation of DR by

blood-stasis syndrome, which was rarely reported

previously. Diabetes could induce the secretion of a

large number of ROS, followed by the response of the

antioxidant system (Johansen et al. 2005). The imbal-

ance between the production and removal of ROS

could lead to a series of lesions (Gao and Mann 2009).

ROS such as superoxide anions (O2
-) and hydrogen

peroxide (H2O2) are important second messengers in

intracellular signal transduction pathways such as NF-

jB signaling pathway (Luo et al. 2015). Previous

studies have indicated that, although ROS plays an

important role in regulating cell function and immune

response, its over-production could influence the

growth and migration of vascular smooth muscle and

inflammatory cells, change extracellular matrix,

induce apoptosis of endothelial cells, activate tran-

scription factors, mediate endothelial cell damage, and

thus aggravating the occurrence of diabetic microvas-

cular and macrovascular complications such as DR

(Ding et al. 2007; Lee et al. 2003). Xu et al. reported

that the pathogenic effect of ubiquitin proteasome

pathway on DR involved the increase of ROS

generation and NF-jB expression, which was associ-

ated with the ROS/PARP and NF-jB inflammatory

factor pathways (Luo et al. 2015).

SOD and GSH are the most important endogenous

antioxidants (Antonetti et al. 2006). SOD could

disproportionate superoxide anion which is further

reacted to generate water, thus protecting cells from

oxygen free radicals. Similarly, GSH is also an

important antioxidant in cells, which protects the

retina against cytotoxic damage caused by ROS

(Antonetti et al. 2006). In previous studies, it was

Fig. 6 Xuefu Zhuyu decoction and U0126 blocked the

expression of ROS in Müller cells. After stimulated by the

serum from different groups of blood-stasis syndrome rats and

followed by treatment of Xuefu Zhuyu decoction in different

dosages, ROS expression was detected. Subsequently, U0126

was added into the culture medium of Müller cells and incubated

for 24 h, and ROS expression was detected. The data were

expressed as mean ± SD
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found that the Müller cells in the retina are the main

source of GSH, and are involved in releasing GSH to

the surrounding neurons to play the defensive role in

the retina (Kowluru et al. 2001). Therefore, the

observation of change in concentrations of SOD and

GSH could benefit for understanding the extent of

oxidative stress injury.

As the major glia of the retina, Müller cells have

been intensively studied and showed function of

forming processes around retinal vessels, providing

support to retinal neurons, controlling blood current,

glucose metabolism and maintaining the blood-retinal

barriers (Barber and Antonetti 2000). Therefore,

Müller cells have been widely used in the study of

DR and was also used as the research model. In this

study, we successfully isolated Müller cells, induced

diabetic rat models and screened out blood stasis rat

models. The over-production of ROS was verified in

Müller cells upon the stimulation of either high

concentration of glucose or serum of rats in DM

group, which is in consistence with the reported ability

of hyperglycemia or diabetes to induce oxidative

stress. Accordingly, the inhibition of the expression of

SOD and GSH as well as the anti-oxidative system

also proved the above results indirectly. Importantly,

both the over-production of ROS and inhibition of

SOD as well as GSH could be reversed via treatment

by different doses of Xuefu Zhuyu decoction, indicat-

ing that the removal of blood-stasis could alleviate the

consequent increase of oxidative stress.

MAPK is an important signal transduction system

in organism. The family members of MAPK, includ-

ing extracellular signal-regulated kinases (ERK1/2),

c-Jun NH2-terminal protein kinase (JNK) and P38

MAPK, could be activated by several extracellular

stimuli and mediate cell proliferation, differentiation,

cell survival and apoptosis (Boldt et al. 2002). Among

them, as the anti-apoptotic kinase, the activation of

ERK promotes phosphorylation of cytoplasmic target

protein, mediates activities of other protein kinases,

promotes the phosphorylation of various transcription

factors, and enhances transcriptional activity. Kuo

et al. (2015) reported that, as a well-known down-

stream of ROS, the phosphorylation of ERK1/2 was

involved in the protective effect of rhEC-SOD on

diabetic nephropathy. rhEC-SOD could reverse the

decrease of SOD activity, inhibit the over-production

of ROS, thus inhibiting the phosphorylation of ERK1/

2, protecting the progression of diabetic nephropathy.

A study of Cai et al. (2017) indicated that GLP-1 could

alleviate oxidative stress in DR, thus alleviating

apoptosis and autophagy of retinal cells in diabetic

rats through the ERK1/2 signaling pathway. These

results suggested that the ROS-ERK1/2 signaling

pathway may play critical role in development and

progression of DR.

Conclusions

In conclusion, the outcomes of this study concluded

that diabetic blood-stasis syndrome activates ERK1/2

signaling pathway through promoting expression of

ROS, and Chinese medicine used to remove blood-

stasis could alleviate oxidative stress, thus inhibiting

activation of ERK1/2 signaling pathway and DR.
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